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PREFACE. 


OSLV  in  a  very  figurative  sense  can  this  book  be  said  to  be  a  "  revised 
edition"  of  the  little  volume  under  the  same  title  which  the  writer  pub* 
iished  ten  years  ago.  The  substance  of  the  old  book  remains  unchanged, 
so  far  as  it  went,  but  every  page  and  sentence  has  been  rewritten,  ejicept 
the  dedication.  The  most  important  change  in  the  nature  of  an  addition 
is  the  much  greater  attention  given  to  traffic  and  revenue  questions, 
which  are  particularly  likely  to  be  underrated  or  forgotten.  The  mechan- 
ics of  curve  resistance  have  been  discussed,  it  is  hoped,  more  adequately 
than  heretofore,  and  on  a  more  solid  basis  of  experimental  fact,  with  some 
important  practical  questions  whicli  depend  thereon.  The  theory  of  the 
elTccC  of  variations  in  velocity  on  the  motion  of  trains  is  an  entirely  new 
addition,  supplying  one  of  the  most  important  omissions  of  the  former 
edition  and  of  other  engineering  text-books.  The  theory  of  various  de-  . 
tails  of  the  locomotive,  which  did  not  seem  to  have  been  elsewhere  ade- 
quately discussed  for  the  purposes  of  this  volume,  has  been  given,  it  is 
hoped,  more  fully  and  correctly  than  heretofore.  Parts  IV.  and  V.  afC 
entirely  new. 

On  the  other  hand,  the  new  edition  has  been  abbreviated  by  omitting 
the  discussions,  some  thirty  in  all,  where  reasons  why  the  writer  felt  com- 
pelled to  differ  from  some  previously  published  conclusions  or  estimates 
were  given  in  detail.  This  seemed  necessary  ten  years  ago,  but  at 
present  it  appeared  as  if  the  space  might  be  better  used. 

The  number  of  engraving  has  been  increased  from  half  a  dozen  lo 
313.  the  number  of  pages  from  316  to  950,  and  the  number  of  tables  from 
44  to  104.  All  of  the  tables,  with  a  few  exceptions  noted  in  connection 
with  each,  are  original  computations  of  the  writer  or  compilations  from 
original  sources  of  information.  As  practically  all  the  work  of  prepar- 
ing them,  and  of  rewriting  the  text,  has  been  done  outside  of  those  hours 
which  are  ordinarily  and  more  rationally  regarded  as  working  hours,  a 
long  delay  in  republication  has  been  unavoidable  1  but  i£  there  be  truth 
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itzongh  in  the-old  antiihesis  of  "easy  writing"  and  "curst  hard  reading' 
to  hold  good  when  twisted  wrong  end  to,  there  should  be  some  com- 
pi^nution  in  store  for  any  reader  who  may  have  chanced  to  be  annoyed 
by  the  delay. 

In  order  to  adapt  the  volume  to  the  more  convenient  use  of  all  classes 
of  readers,  three  sizes  of  type  have  been  used  : 

Long  Primer  type  is  used  for  those  parts  of  the  volume 
which  were  deemed  most  likely  to  be  such  as  every  interested 
reader  would  wish  to  read,  including  those  who  desire  only  to 
ascertain  the  more  important  conclusions,  free  from  technicali- 
ties. 

BoL'RGEOiS  type  is  used  for  discussions  which  relate  more  to  the  details 
of  the  subject  than  to  principles,  and  hence  may  be  passed  ovei"  by  those 
who  are  not  engineers,  or  who  are  ready  to  take  the  reasons  for  what  is 
printed  in  larger  type  for  granted.  Nevertheless,  much  of  the  matter 
which  is  printed  in  this  smaller  type,  as  for  instance  the  long  chapter  on 
the  locomotive  engine  and  the  whole  of  Part  V.,  Is  among  the  most  im- 
portant  in  the  book  for  the  professional  engineer. 

Bkevies  type  it  used  for  minor  notes  and  comments  which  it  seemed  essen* 
(lal  or  desirable  lo  give,  as  of  much  possible  importance  tn  those  w[sbing  to  look 
Into  the  subject,  or  some  particular  branch  thereof,  with  still  ^eater  care,  bat 
which  might  otherwise  be  passed  over. 

The  mathematical  form  of  disctissioa  has  been  intentionally  avoided, 
first,  because  the  book  has  been  written  for  practical  men  as  well  as  (or 
students,  and  mathematical  methods  arc  apt  to  repel  them ;  and  secondly, 
and  chiefly,  because  mathematical  methods  of  solution  are  not  only  inex- 
pedient, but  positively  dangerous  for  the  class  oC  problems  considered. 
When  the  difficulty  of  a  problem  lies  only  in  finding  out  what  follows  from 
certain  fixed  premises,  mathematical  methods  furnish  invaluable  wing* 
for  flying  over  intermediate  obstructions;  but  whenever  the  chief  diffi- 
culty of  a  problem  lies  in  the  multiplicity  and  dubiousness  of  the  prem- 
ises themselves,  and  in  reconciling  them  with  each  other,  there  is 
no  safe  course  but  to  remain  continuously  on  the  solid  ground  of  con- 
crete fact.  The  invidious  but  simple  task  of  proving  this  by  instances 
the  writer  will  not  attempt. 

To  fully  set  forth  in  any  one  volume  these  premises  for  the  correct 
laying  out  of  railways,  which  include  almost  everything  connected  with 
their  construction,  operation,  and  finances,  and  vary  in  each  case,  would 
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be  impossible.  The  purpose  in  view  has  been  merely  to  give  between 
the  covers  of  one  book  whatever  was  necessary  for  some  approach  to  a 
correct  solution  of  every  probable  problem,  which  could  not  be  found 
in  other  publications.  This  necessarily  led  to  a  large  book,  since  this 
work  still  remains  the  only  one  on  its  subject  in  the  language.  Sev- 
eral of  a  somewhat  similar  nature  have  appeared  in  French  and  German 
since  the  first  edition  of  this  work  was  published,  but  from  difference  of 
operating  conditions,  and  their  profuse  use  of  mathematics,  the  resem- 
blance is  not  close. 

The  word  "ton"  in  this  volume  means  3000  lbs.,  unless  otherwise  ex- 
plicitly stated. 

Tbe  term  "  velocity- head "  has  been  borrowed  from  hydraulics  to 
designate  a  somewhat  difterent  thing,  which  heretofore  has  had  no  name 
at  all.  The  "  velocity- head  "  of  hydraulics  and  of  this  volume  are  closely 
related  but  not  identical,  and  should  not  be  confused. 

Grades  have  been  designated  for  the  most  part  by  their  rate  per  cent 
and  not  by  their  rate  per  mile,  in  accordance  with  an  increasing  custom 
which  may  well  become  universal,  as  the  more  rational.  The  approxi- 
mate rate  per  mile  is  given  at  once  by  multiplying  the  per  cent  by  50 

Owing  to  the  great  number  of  tables,  and  the  probability  that  others 
might  be  added  in  future  editions,  it  was  impassible  to  even  attempt  to 
refer  in  the  text  to  all  those  which  contained  a  given  class  of  information. 
To  insure  doing  this  reference  must  be  had  to  the  Index,  which  it  has 
been  endeavored  to  make  very  complete. 

Most  of  the  computations  of  percentages,  costs  per  mile,  and  the  like, 
in  this  volume,  were  made  with  a  slide-rule — an  instrument  too  little 
known  and  used  by  engineers.  Hence  many  errors  oE  1  or  =  ia  the 
third  di^t.  or  of  one  or  two  tenths  of  one  per  cent,  probably  exist,  but. 
it  is  hoped,  lew  of  a  more  serious  nature.  The  admirable  computing 
instrument  of  Mr.  EnwrK-  Thacher,  which  would  have  insured  greater 
accuracy  with  but  little  more  trouble,  was  secured  by  the  writer  too  late 
to  be  of  much  service. 

The  author  will  be  at  all  times  pleased  to  receive  corrections  of  typ»- 
graphical  or  other  errors,  or  supposed  errors,  extensions  of  any  of  the 
tables,  or  other  similar  matter. 

A.M.  W. 

TuBVNS  Building,  New  You£,  May,  1S8;. 
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The  investigation  of  which  this  volume  is  the  fruit  had  its  origin  in 
the  preparation  of  a  few  notes  for  an  anticipated  location,  and  has  since 
gradually  expanded  into  a  single  magazine  article,  a  short  series  of 
papers,  and  at  last  into  a  volume.  Even  the  latter  has  been  expanded 
far  beyond  the  writer's  original  intention  by  the  close  and,  it  is  to  be 
feared,  tedious  attention  to  detail  which  he  found  continually  more 
needful :  and  it  is  kept  within  its  present  dimensions  only  by  excluding 
considerable  matter  and  superficially  considering  or  neglecting  altogether 
a  number  of  subjects  which  the  writer  deems  of  real  importance  for  the 
correct  conduct  of  location.  In  the  improbable  event  that  the  sale  of 
this  volume  should  justify  a  thorough  revision  at  some  future  day,  he 
hopes  to  produce  one  more  in  keeping  with  the  professional  interest  and 
importance  of  the  subject,  by  rectifying  the  faults  of  omission  and  com- 
mission which  he  clearly  perceives. 

The  writer  does  not  intend  to  imply,  however,  that  he  has  fallen  into 
unacknowledged  errors  of  fact  or  theory,  AH  known  errors  have  been 
frankly  corrected  as  soon  as  discovered.  For  such  others  as  may  prob- 
ably exist  the  writer  can  only  hope  that  they  will  be  regarded  with 
that  leniency  which  an  exploration  of  a  neglected  field  of  labor  may 
fairly  ask.  For  such  the  present  volume  is.  with  all  its  imperfections. 
A  recognition  of  the  value  of  previous  discussions  of  the  same  subjects 
would  be  a  more  welcome  duly;  but  the  writer  deems  it  but  simple 
justice  to  himself  and  his  readers  to  declare  frankly  that,  so  far  as  his 
knowledge  extends  and  he  is  competent  to  judge,  all  of  the  few  existing 
discussions  of  the  various  leading  topics  of  this  volume  are  so  superficial 
or  so  imperfect  in  method  as  to  have  little. or  no  value  as  a  guide  for 
location.  Some  of  them  express  correct  views,  and  some  of  them  will 
sometimes  give  correct  results ;  but  none  of  them  are  Irust-worlhy,  and 
several  of  those  which  are  given  under  distinguished  names  are  incredi- 
bly defective.    The  various  problems  of  location,  in  fact,  have  been  dis- 
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cussed  or  neglected  by  technical  writers  with  an  airy  lightness  which 
would  convince  an  unskilful  reader  that  they  were  either  too  simple,  or 
too  unimportant,  or  too  well  understood,  for  any  careful  analysis.  And 
yet  there  is  no  lield  of  professional  labor  in  which  a  limited  amount  of 
modest  incompetency,  at  $150  per  month,  can  set  so  many  picks  and 
shovels  and  locomotives  at  work  to  no  purpose  whatever. 

As  a  natural  consequence  of  this  general  n^ligence,  all  our  railways 
are  uneconomically  located,  most  of  them  in  respect  to  their  genera) 
route  and  system  of  gradients,  and  all  of  them  in  respect  to  the  minor 
details  of  alignment,  and  in  many  cases  these  errors  are  shockingly 
evident.  ...  In  (he  care  taken  in  this  respect  we  are  not  advancing 
beyond,  but  rather  falling  below,  the  standard  set  up  forty  years  ago, 
when  the  art  of  designing  railways  started  out  in  this  country  with  such 
brilliant  promise.  The  works  of  Latrobe  and  Jervis  and  Thomson  and 
Whistler  show  a  truly  remarkable  ability,  considering  their  early  day, 
and  bear  the  clearest  marks  of  original  and  self-reliant  thought :  but  the 
great  men  of  that  earlier  day  have  no  successors ;  for  we  have  done 
nothing  but  copy  them  ill  ever  since,  and  a  copyist  is  not  a  successor. 
We  copy  their  errors,  but  we  do  not  copy  that  admirable  habit  of  per- 
sonal investigation  and  far-sighted  intellectual  courage  which  created 
precedents,  and  has  made  the  work  of  their  hands — in  despite  of  many 
faults — the  high-water  mark  of  American  locating  skill. 
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THE  ECONOMIC  THEORY  OF  THE 
LOCATION  OF  RAILWAYS. 


INTRODUCTION. 

As  the  correct  solution  of  any  problem  depends  primarily  on 
a  true  understanding  of  what  the  problem  really  is,  and  wherein 
.'ies  its  difficulty,  we  may  profitably  pause  upon  the  threshold  of 
our  subject  to  consider  first,  in  a  more  geaeral  way,  its  real 
nature ;  the  causes  which  impede  sound  practice ;  the  condi- 
tions on  whicii  success  or  failure  depends  ;  the  directions  in 
which  error  is  most  to  be  feared.  Thus  we  shall  more  fully  at- 
tain that  great  prerequisite  for  success  in  any  work — a  clear 
mental  perspective,  saving  us  from  confusing  the  obvious  with 
the  important,  and  the  obscure  and  remote  with  the  unim- 
portant. 


It  would  be  well  if  engineering  were  less  generally  thought 
of,  and  even  defined,  as  the  art  of  constructing.  In  a  certain  im- 
portant sense  it  is  rather  the  art  of  not  constructing;  or,  to  de- 
fine it  rudely  but  not  inaptly,  it  is  the  art  of  doing  that  well 
with  one  dollar,  which  any  bungler  can  do  with  two  after  a 
fashion. 

There  are,  indeed,  certain  great  triumphs  of  engineering 
genius — the  locomotive,  the  truss  bridge,  the  steel  rail — which  so 
rude  a  definition  does  not  cover,  for  the  bungler  cannot  attempt 
them  at  all;  but  such  are  rather  invention  than  engineering 
proper.  There  is  also  in  some  branches  of  engineering,  as  in 
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bridge-buiiding.  a  certain  other  side  to  it,  not  covered  by  such  a 
definition,  wiiich  consists  in  doing  that  Siifely,  at  some  cost  or 
other,  wliich  tlie  bungler  is  liitely  to  try  to  do  and  fail.  He 
therefore,  in  such  branches,  who  is  simply  able  to  design  a  struc- 
ture which  will  not  fall  down,  may  doubtless  in  some  measure 
be  called  an  engineer,  although  certainly  not  one  of  a  very  high 
type. 

But  to  such  engineering  as  is  needed  for  laying  out  railways, 
at  least,  the  definition  given  is  literally  applicable,  for  the  eco- 
nomic problem  is  all  there  is  to  it.  The  ill-designed  bridge  breaks 
down:  the  ill-designed  dam  gives  way  ;  the  ill-designed  bojier 
explodes;  the  badly  built  tunnel  caves  in,  and  the  bungler's 
bungling  is  betrayed.  But  a  little  practice  and  a  little  study  of 
field  geometry  wilt  enable  any  one  of  ordinary  intelligence, 
without  any  engineering  knowledge  whatever  in  the  larger 
sense,  to  lay  out  a  railway  from  almost  anywhere  to  anywhere, 
which  will  carry  the  locomotive  with  perfect  safety,  and  perhaps 
show  no  obtrusive  defects  under  what  is  too  often  the  only  test — 
inspection  after  construction  from  the  rear  end  of  a  palace-car. 
Thus,  for  such  work,  the  healthful  checks  which  reveal  the 
bungler's  errors  to  the  world  and  lo  himself  do  not  exist.  Na- 
ture, unhappily,  has  provided  no  way  for  the  locomotive — like 
Mr.  Jingle's  intelligent  pointer — to  refuse  to  pass  over  an  ill- 
designed  railway  as  it  refuses  to  pass  over  an  ill-designed  bridge. 

Therefore,  since  there  is  no  natural  line  between  safety  and 
danger  to  mark  even  so  rude  a  distinction  as  that  between  the 
utterly  bad  and  the  barely  tolerable,  in  the  kind  of  engineering 
work  we  are  to  study,  one  may  fairly  say  that  the  locating  en- 
gineer has  but  the  one  end  before  him  to  justify  his  existence  as 
such — lo  get  the  most  value  for  a  dollar  which  nature  permits; 
and  but  one  failure  to  fear — that  he  will  not  do  so.  Except  as 
his  work  necessarily  involves  the  preliminary  design  of  construc- 
tive details,  he  has  no  lives  to  save  or  imperil ;  and  the  young  en- 
gineer cannot  too  early  nor  too  forcibly  have  it  impressed  upon 
his  mind  that  it  takes  no  skill  worth  speaking  of  to  do  such  work 
after  a  fashion,  unless  in  the  comparatively  few  localities  (rare  in- 


INTRODVCnON. 


<jp«(l  In  Uie  United  Stales)  where  to  %t\  a  reasonable  line  ol  any 
Vind  ifc  ].nmet)iini;  of  a  feat.  Hi&  Iruc  function  and  extriisf:  for 
tKtng  as  an  engineer,  as  distinguished  from  a  skilled  workman, 
ticgin»  and  ends  in  comprehending  and  striking  n  just  balance 
brtwcen  tofK));ra|>hical  possibilities,  first  cost,  and  future  reve- 
nue and  operalinj;  expenses. 

White  this,  in  a  ceruin  sense,  is  peculiar  to  the  branch  of  en- 
ginrerini;  we  are  to  study,  yet  a  curiously  close  analogy  may  be 
drawn,  tending  to  show  that  it  is  as  csseniially  true  of  all  oilier 
branches  of  engiueeiing  as  of  this.  For  example,  it  is  beyond 
doubt  that  the  true  reason  for  the  striking  progress  in  hridge- 
huilding  In  reccnl  years  hiis  been,  not  lliat  men  have  been  drive* 
into  excellence  by  "the  respoiiiiibilJly  of  human  life"  resting  oa 
tbem  : — for,  after  the  types  have  once  been  invented,  a  relatively 
low  order  of  engineering  skill  suffices  to  reduce  that  risk  alone 
to  a  minimum.  But  the  impelling  force  ha«  been  the  keen  C(>m< 
petilive  struggle  to  bring  the  first  cost  of  ever}*  bridge  as  low  as 
fioulbic,  and  yei  do  nothing  which  shall  injure  its  permanent 
elBriency  and  compel  it  to  be  speedily  rebuilt  ;  nothing,  in  oilier 
wor(L\  which  sh^ll  inctcase  tlic  future  "  maintenance  and  opcr- 
Rting  expenses."  But  whereas  (he  *'  operating  expenses"  of  bad 
bridge -engineering  come  in  a  series  of  ^tattling  catastrophes 
which  shock  the  community  and  dismay  the  moneyed  interests 
conceroed,  causing  good  work  (o  l>c  appreciated  and  insisted  on, 
itBd  scaring  off  the  amateurs  and  'prentice  hands  from  *'  med- 
dling and  muddling,"  after  the  manner  of  ihcir  kind,  the  opcrat- 
mg  expenses  from  bad  railway  location  come  by  a  gentle  btit 
unceasing  ooze  from  every  pore  which  attracts  no  attention, 
albeit  resulting  in  a  loss  vastly  larger  than  any  possible  lost 
from  bad  construction  ;  fur  it  reriuires  some  training  and  experi- 
ence even  to  appreciate  the  loss  as  existing,  and  still  more  of 
balli  to  appreciate  it  as  remediable.  In  fact  no  one  can  do  so, 
except  in  the  most  general  way.  without  special  investigation  of 
each  special  case.  Brrors  which,  even  if  committed,  are  nol 
Itkely  to  be  discovered,  are  rarely  much  feared,  and  at  last  the 
consciousness  that  there  is  danger  of  error  becomes  dulled. 
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In  these  facts  wc  have  plain  reasons  why  average  practice  in 
laying  out  railways  shoiitd  inevitably  tend,  as  it  docs  tend,  to  be 
and  remain  of  a  low  grade.  Ii  is  not  difiiculc,  in  fact,  to  sec 
reasons  why  it  can  never  welt  be  otherwise,  except  in  degree, 
unless  the  ptugiess  of  science  should  wholly  change  the  nature 
of  the  work  ;  and  a  correct  appreciation  of  how  great  is  this 
danger,  and  why  it  exists,  will  greatly  help  to  save  the  student 
from  it. 

The  permanent  difficulty  U«s  in  this  :  High  efficiency  in  any 
art  or  calling  in  which  many  minds  of  no  phenomenal  gifts  are 
engaged  requires  that  every  man's  work  should  be  readily  com 
pariil>le  either  witli  a  certain  uniform  standard  or  with  ihe  work' 
of  his  fellows.  In  constructive  engineering  this  is  possible. 
Broadly  speaking,  a  hundred-foot  bridge  is  a  hundred-fool 
bridge,  tlic  world  over.  It  has  everywhere  to  fulfil  but  two 
primary  conditions  :  It  must  carry  a  certain  nearly  uniform  load 
per  foot,  «nd  it  must  not  fall  down.  The  same  is  in  substance 
true  of  every  form  of  constructive  engineering,  livery  man*S 
practice  therein,  therefore,  is  comparable,  and  i^  compared,  with 
the  higliest  level  of  practice,  the  world  over.  Those  most  highly 
skilled  ai-e  discovered  and  rccogniEed.  The  moderately  skilled 
perceive  and  correct  their  deficiencies.  The  hopelessly  unskilled 
retire  to  other  pursuits. 

In  laying  out  railway  lines,  and  less  strikingly  in  some  other 
analogous  kinds  of  engineering  work,  this  is  forever  impossible. 
We  cannot  reduce  the  laws  of  topography,  nor  even  of  finance,  to 
equations  and  formulce.  Every  line  is  a  problem  by  itself,  with 
its  own  peculiar  physical  and  commercial  conditions,  so  that  the 
engineer  is  deprived  of  the  aid  to  be  had  by  comparing  with, 
and  copying  the  details  of,  the  practice  of  othci's.  Under  these 
circumstances,  the  difference  of  conditions  will  be  apt  to  be  hon- 
estly accepted  by  the  reader  who  may  have  sinned  against  good 
practice,  and  by  all  others  concerned,  as  the  reasons  why  an- 
other line,  one  hundred  or  one  thousand  miles  off,  should  have 
cost  so  much  less  and  yet  be  so  much  better  worth  owning  than 
his  own.     He  who  has  done  well,  therefore,  is  cut  o0  from  any 
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absolute  knowledge  ant]  general  recognition  of  that  [act.  and 
the  guilty  reader,  who  has  dune  ill,  is  cut  off  from  the  still 
Sreatc  gain  which  would  come  to  him  from  a  revelation  of 
where  and  wherein  he  has  done  ill.  In  most  such  cases  each 
will  have  to  some  detail  shown  better  judgment  than  the  oilier; 
but  trom  the  lack  of  unquestionable  evidence  of  this,  each  is 
denied  the  instruction  which  he  might  otherwise  receive  from 
that  fact,  and  so  is  in  great  danger  of  falling  into  the  most  natu- 
ral and  most  human  error,  believing  that  all  that  he  has  done 
u  good,  which  has  not  been  proven  to  be  bad,  and  so  ceasing  to 
make  eETort  to  improve  upon  what  is  good  enough  to  pas$.  and 
merely  multiplying  errors  with  advancing  experience,  without 
really  advancing  in  knowledge. 

For  these  reasons  the  student  should  begin  with  the  conscious- 
ness that  the  level  of  average  practice  in  railway  location,  his 
own  included,  is  by  its  nature  restricted,  not  to  the  sum  of  tbe 
united  abilities  of  all  those  who  are  or  have  been  engaged  in  it, 
as  in  constructive  engineering,  but  to  the  average  individual  level 
of  capacity  and  knowledge.  No  more  is  needed  ilian  this  un- 
doubted fact  to  prove  to  demonstration  that  average  practice  is 
and  must  be,  both  comparatively  and  absolutely,  of  a  pretty  low 
grade  ;  and  hence  it  becomes  every  one  who  may  be  entrusted 
with  such  work  to  have  constantly  before  him  the  (act  that  he 
stands  titus  alone,  and  to  scrutinize  with  the  sternest  skepti- 
cism, the  conclusions  which  he  may  reach,  remembering  that  his 
danger  of  grave  errors  of  judgment  is  thereby  multiplied  many- 
fold.  As  he  measures  only  by  his  own  knowledge,  all  the  work 
be  does  will  naturally  seem  good  even  if  really  bad. 

To  the  preceding,  which  may  be  called  the  subjective  ob- 
stacles to  good  practice,  must  be  added  another  and  perhaps  a 
greater  one.  Inasmuch  as  no  one  can  even  know  for  himself 
the  absolute  quality  of  his  own  skill  in  this  particular  branch  of 
eogineerittg,  it  is  almost  a  natural  corollary  that  corporations 
should  very  uniformly  decline  to  take  it  for  granted,  by  assum- 
ing that  there  are  any  measurable  differences  in  qualifications  for 
sucli  work  among  those  who  have  proved  their  competency  in 
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Other  branches  of  engineering.  Hence  it  happens  that  railway 
location  tends  more  and  more  to  be  entrusted  to  those  to  whom 
it  is  a  mere  temporary  incident  in  their  professional  career,  and 
who  consider  the  work  mainly  from  the  constructive  stand- 
point, without  much  attention  to  those  larger  economic  ques- 
tions which  it  is  the  purpose  of  this  volume  to  discuss,  and  to 
which,  in  well-conducted  work,  the  mere  constructive  details 
should  be  wholly  subordinate.  But  as  the  inexperienced  young 
man  can  only  gauge  the  importance  of  various  work  by  the  at- 
tention which  he  sees  paid  to  it  by  his  superiors,  he  is,  as  it 
were,  pushed  by  others  into  an  error  which  it  is  difUcult  for  him 
to  avoid  at  best ;  for  he  will  soon  note  that  the  assumption  and 
practice  of  the  world  is,  that  whoever  is  fit  to  design  the  struc- 
tures of  a  railway  is  thereby  fitted,  without  further  study  or 
preparation,  to  design  the  railway  as  a  whole.  In  fact,  this 
vicious  principle  is  in  very  many  instances  pushed  to  the  ab- 
surd extreme  of  entrusting  engineers  of  inferior  capacity  with 
the  location  of  railways,  and  only  seeking  for  a  higher  grade 
ot  skill  when  the  design  of  the  cheaper  man  is  to  be  embodied 
in  construction.  The  error  in  so  doing  is  the  same  in  kind 
and  in  degree  as  if  it  were  assumed  that  whoever  was  fitted  to 
build  a  house  was  fitted  to  design  one.  The  mental  qualities 
and  special  tiaining  needed  are  much  the  same  in  each  case,  but 
the  two  kinds  of  work  are  distinct,  and  skill  in  one  does  not 
argue  skill  in  the  other. 

Nevertheless,  railways  must  be  built,  and  fortunately  there  is 
a  bright  side  as  well  as  a  dark  side  to  the  picture.  There  is 
indeed  a  pitiable  waste  resulting  from  the  conditions  outlined  : 
such,  to  mention  a  simple  and  readily  comprehended  example,  as 
has  resulted  from  the  location  of  the  entire  railway  system  of 
the  prairie  States  of  the  West, — taking  it  as  a  whole  and  neglect- 
ing the  many  individual  exceptions, — where  the  fatal  ease  with 
which  an  air-line  may  be  run  from  almost  anywhere  to  any- 
where, by  using  heavy  enough  grades,  has  brought  the  average 
train-toad  lower  than  in  the  rugged  regions  of  the  East,  and 
caused  perhaps  a  greater  percentage  of  utterly  needless  waste, 
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and  a  more  discreditable  aggregate  of  thoroughly  bad  location, 
tlian  in  any  other  considerable  region  of  the  world  \  and  in  view 
of  such  facts,  the  distorted  pre-eminence  given  by  engineers, 
and  by  those  who  teach  them  and  employ  tiiem,  to  the  pettiest 
details  of  how  tu  build  the  separate  works  which  make  a  railway, 
to  the  neglect  of  the  larger  questions  of  where  to  build  and 
when  to  build,  and  wliether  to  build  them  at  all,  has  in  it  some- 
thing at  once  astounding  and  discouraging.  But  in  a  larger 
view  this  is  in  no  way  surprising.  It  is  but  the  common  result 
of  man's  attempts  at  solving  every  serious  problem  which  does 
not  admit  of  exact  and  positive  solution,  like  a  problem  in 
geometry,  but  contains  such  indeterminate  elements  that  to 
solve  it  perfectly  is  given  only  to  Omniscience.  In  all  such 
cases  mankind  in  general  shirks  the  issue,  or  jumps  at  a  solu- 
tion in  the  rudest  way,  as  is  seen  not  only  in  the  work  of  engi- 
neers, but  in  that  of  farmers  and  legislators  and  merchants, 
physicians  and  builders.  Compared  with  the  dismal  failure 
whicK  so  many  men  make  in  every  one  of  these  callings,  the 
work  of  engineers  in  laying  out  railways  shines  by  comparison. 
For  after  ail,  the  fact,  if  it  be  a  fact, — as  in  a  rude  way  it  is, — 
that  between  waste  in  construction  and  waste  In  operation  and 
waste  from  inaccessibility  to  possible  patrons,  it  takes  about 
twice  as  great  expenditure  of  capital  and  labor  as  it  need  to 
afford  existing  transportation  facilities — tliis  really  means  ni? 
more  than  that,  instead  of  realizing  ninety  per  cent  of  the  ad- 
vantages which  might  be  gotten  from  George  Stephenson's  inven- 
tion, as  is  reasonably  possible,  only  some  seventy-five  or  eighty 
per  cent  is  actually  realized.  The  great  world  declines  to  take 
much  interest  in  such  a  trifling  waste  as  this,  being  accustomed 
to  much  greater  waste  in  many  things,  and  having  something  of 
that  large  indifference  to  waste  which  pervades  all  nature.  Nor 
would  it  be  worth  while  here  to  insist  on  it  for  the  mere  sake  of 
pointing  out  that  it  exists,  but  solely  to  point  out  that,  as  the 
location  of  railways  is  the  one  department  of  engineering  in 
which  waste  on  a  gigantic  scale  is  possible  from  probable  errors 
of  judgment,  and  as  it  is  likewise  the  one  department  of  engi- 
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neeriug  In  which  no  natural  check  exists  ag.iinsi  suc)i  errors,  it 
is  fitting  that  engineers  shoulO  prepare  themselves  for  it  with 
especial  cure,  at  least  lo  the  extent  of  acquiring  an  sdcquale 
conception  uf  the  number  nnd  magnitude  of  the  errors  into 
which  they  msy  fall. 

Much  of  the  success  of  any  one  in  any  kind  of  work,  and  especiHlly 
in  work  subject  to  the  peculiar  difficulties  of  tliat  we  arc  considering, 
llcpcnds  upon  the  spirit  in  which  It  Is  undertaken.  If  it  be  true,  its  It 
anquc:ttlonably  is,  that  no  one  ever  attained  great  succi^ss  In  any  walk  of 
life — or  certainly  In  no  inidlectual  culling— who  found  no  ottier  nor 
higher  p1ea.-«ure  In  doing  that  well  which  was  ^ivcn  him  to  do  than  ji 
the  money  or  the  glory  wliich  lie  might  get  ftum  doing  it.  It  Is  certiiln- 
ly  much  more  true  In  a  calling  where  those  ordinar>'  stimuli  work  very 
Imperfectly  or  not  at  ail.  and  In  which  one  h  often  culled  upon  to  do  the 
direct  contrary*  of  what  will  win  him  credit  from  the  thoughtless  and 
su[)crricial.  The  desire  to  do  good  work  lor  its  own  siike  Is  then  the 
only  real  guarantee  that  good  work  will  be  done :  for  although  a  kindly 
Providence  has  given  the  latent  power  to  do  bad  work  of  thts  kind  to 
every  human  being  with  a  tolerably  observant  eye  and  intelligence 
enough  to  lay  up  bricks,  most  assuredly  tlic  power  to  do  good  work  will 
not  come  by  nature.  The  auilior,  therefore,  feels  that  he  need  make  no 
apology  to  those  young  men  who  may  honor  him  by  studying  this 
volume,  for  oHering  them  one  page  at  least  of  true  wisdom,  in  the  state- 
ly periods  of  one  of  the  greatest  thinkers  of  our  or  anyaee;  wlikh  he 
docs  in  the  belief  that  they  will  find  its  study  more  prohiable  than  that 
of  many  pages  in  this  or  any  other  text-lxiok,  since,  if  they  have  studied 
it  to  some  purpose,  they  aic  at  least  auticed  the  miut  permanently  grati- 
fying of  all  success — the  eon»ciou.*nc«  of  having  done  one's  best ; 

"  I  took  on  that  man  as  liappy.  who.  when  there  is  question  of  sue- 
cess,  looks  Into  his  work  for  a  reply— not  into  the  market,  not  Into 
opinion,  not  Into  patronage.  In  everv  variety  of  human  employment, 
in  the  mechanicid  and  in  the  fine  ant.  in  navigniion,  in  (arming,  in  legis- 
lating, there  are  among  Uie  numbcts  who  do  iheir  work  perfunctorily, 
*%  we  say.  or  just  to  pass,  and  as  badly  as  they  dare,— there  are  the  work- 
ingmen.  on  whom  the  burden  of  the  business  falls.— those  who  love 
work,  and  love  to  sec  it  rightiv  done,  who  finjah  their  task  for  its  own 
take ;  and  the  state  and  the  world  it  happy  that  has  the  most  of  such 
finishers.  The  world  will  always  do  juulce  at  last  to  such  tinislicrf, :  it 
caiiDOt  otherwbe.    He  who  has  acquired  the  ability  may  wait  securely 
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the  o«asioD  of  making  it  felt  and  appreciated,  and  know  that  it  will  not 
k)iier.  Men  talk  as  if  victory  were  something  fortunate.  Work  is  vic- 
toiy.  Wherever  work  is  done,  victory  is  obtained.  There  is  no  chance, 
and  no  blanks.  You  want  but  one  verdict :  if  you  have  your  own,  you 
are  secure  of  the  rest.  And  yet,  if  witnesses  are  wanted,  witnesses  are 
near.  There  was  never  a  man  born  so  wise  or  good,  but  one  or  more 
compan loos  came  into  the  world  with  him,  who  delight  in  his  faculty 
and  report  it.  I  cannot  see  without  awe,  that  no  man  thinks  alone,  and 
no  man  acts  alone ;  but  the  divine  assessors  who  come  up  with  him  into 
hfe,  now  under  one  disguise,  now  under  another,  like  a  police  in  citi- 
zens' clothes,  walk  with  him,  step  for  step,  through  the  kingdom  of 
time. 

"  What  is  vulgar,  and  the  essence  of  all  vulgarity,  but  the  avarice  of 
reward  ?  Tis  the  diUerence  of  artisan  and  artist,  of  talent  and  genius, 
of  sinner  and  saint.  The  man  whose  eyes  are  nailed,  not  on  the  nature 
<A  his  act,  but  on  the  wages, — whether  it  be  money,  or  office,  or  fame. — 
is  almost  equally  low."  ■ 

The  true  moral  to  be  drawn  from  such  glittering  generalities  is  not 
that  if  a  man  does  not  succeed  the  world  is  not  doing  justice  to  him ; 
for  the  chances  are  a  hundred  to  one  that  it  is  meting  him  out  exact 
and  equal  justice,  and  that  unless  he  wipes  out  that  delusion  from  his 
mind  and  sets  about  correcting  his  deficiencies,  it  will  continue  to  do  so 
in  the  same  way :  nor  is  it  that  a  man  should  neglect  that  reasonable  care 
for  his  own  welfare  which  is  every  man's  duty,  nor  that  he  should  submit 
x-j  .mpositlon.  nor  continue  very  often,  for  very  long,  to  render  something 
for  nothing :  In  this  utilitarian  age  there  is  little  danger  that  it  will  be 
so  interpreted.  But  the  author  has  seen — or  thinks  he  has  seen — so 
many  young  men  doing  permanent  injury  to  their  own  future  by  letting 
$1  JO  a  month  fill  up  the  whole  arc  of  their  horizon,  that  he  has  seized 
his  chance,  while  he  has  them  foul,  to  inflict  a  little  advice.  He  grants 
it  is  against  the  laws  of  the  game,  and  stops. 

We  will  now  proceed  with  our  legitimate  subject,  and  endeavor  not 
to  depart  from  it. 

*  Ralph  Waldo  Emerson :  "  Essay  on  Worship." 
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"The  locaiion  of  a  railroad  U  giving  it  ils  constitution.  It  may  be 
sick,  almost  unto  death,  with  aoHdents  of  constnicticn  and  manage- 
menl,  but  with  a  good  constitution  it  will  ultimately  recover." 

— D.  H.  Al.iawORTA 
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CHAPTER  I. 


THE   INCEPTION   OF   RAILWAY   PROJECTS,  AND  COMDITIOKS  GOVERN- 
ING  IT. 

I.  When  a  railway  is  projected,  and  while  its  construction 
is  stiil  in  doubt,  the  most  important  and  most  doubtful  ques- 
tion of  all  is  one  which  docs  not  admit  of  any  general  discussion 
or  analysis  ;  Whether  or  not  to  build  the  line  at  all.  The 
decision  of  this  question  is  not  within  the  legitimate  sphere  of 
an  engineers  duties,  acting  as  such  ;  and  hence  it  should  not  be 
permitted  to  confuse  or  affect  his  mind  during  the  subsequent 
process  of  preparing  the  line  for  construction.  For  the  general 
question  of  whether  or  not  to  build  the  line  at  all  is  one  of 
finance  and  business  judgment  alone,  to  be  settled  by  a  more  or 
less  exact  or  visionary  estimate  of  the  available  capital  for  con- 
struction, the  probable  gross  and  net  receipts,  and  the  resulting 
direct  and  indirect  advantages  to  the  projectors,  with  the  final 
conclusion  that — 

(i)  There  is  (or  is  not)  sufficient  need  of  a  railway  to  give  a 
fair  return  on  the  expenditure  of  a  certain  gross  amount  in  con- 
structing it;  and 

(3)  That  this  gross  amount  can  (or  cannot)  be  raised. 

This  conclusion  is  not  necessarily  expressed  bya  definite  sum 
in  advance — in  fact  it  is  very  rarely  so  expressed  ;  but  such  a 
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conclusion  is  in  effect  reached,  althougli  often  in  a  very  vague 
form,  whenever  it  is  decided  to  proceed  witli  construction, 

2.  Neither  does  it  follow  that  the  deciding  motive  is  direct 
pecuniary  prolit  ;  for  the  line  may  be  of  great  value  to  the  in- 
vestors and  the  public,  and  yet  never  pay  such  profit.  In  fact, 
the  railway  system  of  the  world,  taken  as  a  whole,  and  especially 
that  of  the  United  States,  has  been  only  very  moderately  profit- 
able in  any  direct  form  ;  owing  not  so  much  to  mistakes  of  judg- 
ment pure  and  simple,  as  to  the  very  large  proportion  of  lines 
which  have  been  built  simply  to  increase  the  value  of  land,  to 
afford  local  transportation  facilities,  to  bring  traffic  to  the  main 
line,  and  similar  purposes.  Yet  the  resulting  gain  to  the  com- 
munity, from  these  indirect  advantages  alone,  has  been  vast  be- 
yond computation  ;  so  much  so  that,  although  the  lines  on  which 
projectors  have  lost  money  have  been  many,  there  have  been 
few  or  none  which  have  involved  a  positive  loss  to  the  commu- 
nity as  a  whole,  excepting  some  of  those  which  have  merely 
paralleled  other  lines. 

3.  A  certain  number  of  lines,  also,  are  built  for  more  or  less 
illegitimate  and  irregular  purposes:  to  sell  out  to,  or  sometimes, 
one  may  fairly  say,  to  black-mail  other  lines  ;  to  make  profit  on 
the  construction  ;  as  means  of  warfare  against  other  tines ;  etc., 
etc.  Nevertheless,  even  with  such  irregular  enterprises,  as  cer- 
tainly in  all  other  cases,  the  same  general  law  holds  :  It  is  the 
plain  interest  of  tlie  constructors,  in  all  cases,  to  obtain  as  good  a 
road  as  they  can  for  the  money,  and  to  build  it  on  business  prin- 
ciples ;  to  spend  what  they  have  to  spend  to  the  very  best  advan- 
tage, and  to  spend  no  more  than  they  are  obliged  to  spend  to 
build  the  line  at  all  in  safe  operating  condition,  unless  the  addi- 
tional expenditure,  and  not  simply  the  expenditure  as  a  whole,  is 
clearly  a  good  investment, 

4.  From  the  point  of  view  of  this  volume,  therefore,  all  rail- 
ways are  legitimate  enterprises,  and  their  construction  is  gov- 
erned by  the  same  general  economic  laws.  These  laws,  vital  to 
the  successful  conduct  and  outcome  of  such  enterprises,  seem- 
ingly very  plain  and  simple,  but  frequently  neglected  or  forgot- 
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nidy,  its  respects  the  question  o(  wheilier  to  build  ihc  line  or 
l>e  siimmuiiivd  iis  (ollowii : 
ft,  (1)  RailwiiyH  are  not  undertaken  unless  they  iirc  expected 
to  be  prufiuble,  not  to  the  general  public,  nor  to  other  parlies 
in  the  nciir  or  distant  (iiturr,  nor  to  those  who  lend  money  on 
tiitm,  hut  ti  thoit  wAo  at  firUtoHlr^  tkt  enterprise.  If  the  means 
in  hiind  Xm:  not  tiufBcient  fur  the  projectors  to  cotnpletr  the  road 
fur  upnrution  and  10  control  its  operation  adcrwards.  ilic  result 
to  thrm  is   utually  complete  loss.     Remembrance  of  this  fact 

'bee'otnes  the  more  imp^irtani  because   the  available  means  (the 
great  bultt  ui  whicli  is  borrowed  money)  are  almost  always  over- 

|rated,uml  itie  demand  upon  them  underrated. 

Ttie  logical  order  of  procedure  in  the  case  of  any  new  cntcr- 
priiff^whlch  n,  flrst,  to  determine  vrlietlier  or  not  the  project  is 
a  sound  one.  and  to  be  carried  out  ;  and,  secondly,  to  malce  the 
necc»>ary  studies  as  to  llie  manner  of  currying  it  out — is  not 
oeccssarily  followed  in  order  of  time  :  often  it  cannot  be,  for  the 
final  decision  as  to  the  foimer  often  depeniU  on  the  results  of 
the  latter,  or  on  unknown  future  events.  Nevertheless,  atlhongh 
Mb»e<)uent  events  may  cause  a  revision  of  such  assumptions, 
the  mere  initiation  of  the  study  of  details  implies  a  fre-f^ma 
conclusion.  ih;«i  the  project  as  »  whole  is  a  wise  one  if  wisely 
carried  out,  and  can  only  fail  by  bad  judgment  in  details.  This 
premise  mnsl  be  from  the  beginning,  therefore,  under  all  circum* 
stances,  the  basis  of  the  engineer's  action.  From  this  it  follows  : 
6.  (i)  No  increase  of  expenditure  over  tlic  unavoidable  mini- 

I  mum  is  expedient  or  justifiable,  however   great   the   probable 

I  pmlitft  and  value  of  an  enterprise  as  a  whole,  unless  the  ikckeask 
can  with  reiivmiible  certainty  be  counted  on  to  be,  in  itself,  a 

^pnjfiiablc  invesimcnl.     Conversely, 

(3)  No  saving  of  expenditure  is  expedient  or  justifiable,  how- 
ever doublful  the  future  of  the  enterprise  as  a  whole,  when  it  can 
witlt  ceiiainty  be  counted  on  that  the  additional  expenditure  at 
leakt  will,  at  the  cost  for  the  capital  to  make  it,  be  in  itself  a 
paying  ir.vestmeot. 

For  if  the  project  as  a  whole  be  an  unwise  one,  the  projec- 
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tors  will  lose  their  money  in  iiny  case  ;  but  an  additional  expendi- 
ture which  adds  more  value  to  chc  property  than  it  co:>t5  will,  at 
the  worst, decrease  their  loss,  and  may  turn  the  scale  l>y  prevent- 
ing any  1os:t.  Duubtful  projects  least  of  »ll  can  afford  lo  have 
tlicir  future  imperilled  by  reckless  economies.  Neverlhelcjs 
the  following  should  be  remembered  : 

7.  (4)  No  expenditure  i*  wise,  however  otherwise  prolitabic, 
whicli  endangers  the  successful  completion  of  the  enterprise 
with  tile  funds  on  hand  or  known  to  be  available. 

For  the  properly  then  becomes  worthless  to  the  projectors, 
however  valuable  it  may  become  10  others.  Successful  comple- 
tion, moreover,  includes  much  more  than  the  laying  of  the  track. 
It  includes  the  equipment,  the  terminal  facilities,  the  endurance 
of  (hin  traffic  und  of  imperfect  exchange- traffic  facilities  until 
the  normal  business  of  tlic  line  has  been  fully  attained — .ilways 
8  matter  nf  time.  Therefore,  as  few  roiads  are  even  sure  of  ob- 
taining the  capital  which  ilicy  think  is  necessary  for  the  above 
purpose,  we  have  the  following: 

■■  (s)  Expenditures  of  any  kind  on  new  projects  are  rarely 
wise,  however  otherwise  profitable,  which  can  be  postponed 
without  any  very  serious  loss,  however  sure  to  involve  some  li>>s 
if  all  goes  as  well  at  is  expected  ; — such  as  costly  works  (viiich 
COR  be  avoided  by  temporary  lines,  or  by  less  durable  but  cheaper 
siruclitres,  complete  provisions  for  traffic  which  is  yet  in  the 
future,  and  elaborate  shops  <ind  buildings. 

On  the  other  hand,  economies  which  permanently  handicap 
the  line  with  inferior  works  or  alignment,  or  which  place  it  un- 
der a  permanent  disadvantage  in  seeking  for  business,  such  as 
using  over-light  rails,  keeping  away  from  towns  to  save  right-of- 
way  expenses,  heavy  grades,  etc.,  arc  the  first  which  should  be 
avoided,  but  are  often  the  first  which  are  resorted  lo,  for  rea- 
sons more  fully  discussed  in  Chapters  XXII.  and  XXIII. 

9,  The  profit  on  a  railway  property  depends,  first,  on  the 
Judgment  shown  in  selecting  the  region  through  which  it  Is  to 
be  huilt ;  and,  sutmHy,  on  the  skill  with  which  the  line  laid  down 
io  it  is  adapted  to  be  of  the  greatest  use  to  the  greatest  number 


CHAP.   I.— INCEPTION  OF  RAILWAY  PROJECTS.  17 

of  people  (giving  large  gross  revenue)  at  the  smallest  cost  for 
the  ::ervice  rendered  (giving  small  operating  expenses).  The 
first  is  distinctively  the  province  of  the  projectors ;  the  last  is 
distinctively  the  province  of  the  engineer.  VVIiicli  is  most  im- 
portant it  would  be  needless  to  inquire,  but  certainly  the  last,  in 
this  sense  at  least,  that,  if  it  be  well  done,  any  errors  in  respect 
to  the  assumed  need  for  a  .railway,  although  lliey  m;iy  be  un- 
fortunate, can  rarely  be  ruinous  ;  while  it  has  again  and  again 
been  proven  that  if  good  judgment  be  not  shown  in  the  details 
of  the  route  and  expenditure,  no  merely  constructive  skill  of  the 
engineer,  nor  excellence  of  judgment  in  selecting  a  locality,  can 
save  the  project  from  .disaster. 

10.  All  the  preliminary  questions  of  probable  profit  and  loss 
involved  in  the  decision  to  build  a  line  of  some  kind  over  some 
given  general  route  being  supposed  to  be  finally  settled  and  dis- 
posed of,  and  the  construction  of  the  road  definitely  determined 
on  (if  the  expectations  as  to  cost  of  construction  and  available 
means  are  realized),  the  province  of  the  locating  engineer  and 
the  proper  subject-matter  of  this  volume  begins. 

We  arc  now  done  altogether  with  all  considerations  as  to 
whether  the  future  of  the  company  as  a  whole  will  be  prosperous 
or  otherwise,  and  as  to  whether  the  probable  aggregate  profits 
"■ir  cost  of  the  road,  either  per  mile  or  in  gross,  will  be  large  or 
small,  and  it  is  the  duty  of  the  engineer  to  neglect  them  abso- 
lutely in  laying  out  his  work,  considering  only  the  effect  of  his 
decisions  upon  these  three  items  : 

1.  The  difference  in  gross  receipts  which  will  or  may  result 
fronr.  choosing  one  or  another  line. 

2.  The  difference  in  operating  expenses  which  will  or  may 
result  from  choosing  one  or  another  line,  one  or  another  gra- 
dient, one  or  another  limit  of  curvature,  etc. 

3  The  difference  in  annual  interest  charge  which  will  or 
may  resuit  from  the  differences  in  cost  of  construction  caused 
by  differences  in  the  above  details. 

The  latter  should  be  computed,  of  course,  at  the  rate  or  rates 
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of  iotcrcst  which  money  actually  costs  or  will  cost  his  company. 
Tliis   is  supposed   to  be  known  lo,  auil   rememtjered   by,  the 
engineer ;  and  is  the  only  fact  connected  with  the  present  condi-  j 
tioR  or  future  prospectN  of  the  finances  of  his  company  whicli 
should  legitimately  inlliicnce  his  decisions. 

11.  Ncft  unfrcqucntly  this  rate  of  interest  cannot  be  consid- 
ered uniform,  but  must  be  assumed  to  increase  very  rapidljri 
vith  the  amount  invested  ;  and  not  uufrcquenily  the  r;iie  of 
Interest  which  should  properly  be  assumed  will  vcige  upon  ihc 
inrinite.  It  is  always  more  likely  to  be  underrated  than  over- 
ruled;  whereas  prudence  requires  that  the  reverse  should  be> 
the  cuse. 

But  however  great  or  small  the  amount  and  cost  of  the  avail- 
able capital,  although  our  decisions  themselves  will  vary,  yet  the 
methods  by  which  these  decisions  arc  reached  will  not  vary  :  (or 
even  ii)  such  an  extreme  case  as  when  [he  cost  of  more  capitall 
than  is  absolutely  essential  is  infinitely  great,  we  arc  simply 
permanently  red  uced  to,  and  compelled  never  to  vary  from,  what 
should  he  the  ^priori  basis  foi'  constrnciion  with  xvhich  llic  con- 
struction of  every  line  is  entered  upon, — however  prosperous  the 
company,  however  large  the  probable  Iraflit  and  profits, — because 
no  more  than  this  is  implied  in  the  mere  decision  to  build  the 
road,  which  is: 

T/ial  fx^efitiitx  ivAfH  and  as  sptdfie  reaicm  to  Iht  eoHlrary  appear, 
Ikf  eheapetl  line  it  lo  ^  buUl  erer  wfiieA  il  it  pkysi<ally  pesiiblt  /f  <arry 
thf  pr^ibU  triitffic  with  proper  sa/eiy  and  speed,  using  lo  this  end  any 
gradfi  and  <nrves  and  length  i>/  line  whieh  may  he  most  eottducit'e  to  Ihit 
end  (mlp-'and  aerer  aiaadtmiug  it  fy  tiureasing  ike  expenditure,  unleu 
the  ini'eUment — not  the  investment  as  a  whole,  for  the  line  as  a 
whole,  but  ia(h  particular  inveslmeHt  for  iatk  particular  purpose  at 
eaeh  particular  point — vHI  he  in  ^ne  way  or  another  profitable  in  itself. 

12,  In  other  words,  reduction  of  first  cost  to  the  lowest  pos- 
sible point  is,  in  logical  or  economic  order,  the  first  considera- 
tion ;  although  therefore  not  by  any  mcani  either  the  mosi 
important  or  the  governing  consideration.  That  this  is  so  is 
easily  seen,  however  often  forgotten.    It  is  not  only  busincss-Iikc 
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ooniinun-scnsc  for  the  investors  and  their  servants,  but  it  is 
louniJ  [Mitltical  economy  for  the  community  as  a  whole.  It  does 
not  mean  nor  Imply  cheap  and  shabby  construction.  It  simply 
means  an  avoii>asce  ok  Wastk,  either  in  saving  money  or 
(pending  it.  It  dimply  means  »  recognition  of  the  fact  (hat 
every  dollar  and  every  day's  work  which  goes  into  the  ground 
and  i|ovi>  not  bring  somelliing  out  of  it,  makes  not  only  the  indi- 
riilual  but  ihe  whole  communiiy  ihe  poorer.  The  wcUarc  of  nil 
mankind.  uN  well  as  of  investors  in  the  enterprises  which  employ 
engtRcen,  depends  upr^n  the  skill  wilh  which  the  investment  in 
its  constructive  or  manufacturing  enierpri:ie&  (destruction  of 
existing  capital)  n  kept  nmatl,  and  ilie  productive  or  earning 
power  (creation  of  new  capital)  is  made  large.  The  difference 
between  the  two  is  the  so-called  "  profit "  (net  addition  to  exist- 
ing capiinl).  whkH  goes  indred  into  the  control  of  those  who 
created  it  by  perceiving  the  (!tipposed)  opportunity  or  necessity 
and  using  their  own  means  at  their  own  risk  to  supply  it ;  but  it 
b  not,  therefore,  for  the  true  interest  of  any  person  or  class  to 
make  it  lc»>  by  increasing  the  investment,  for  otherwise  thci-c  is 
■  waste  which,  as  t(  benefits  no  one,  indirectly  injures  all.  Not 
even  the  laborer  who  uses  up  a  portion  of  the  wasted  capital  !s 
really  the  gainer;  for  if,  on  the  one  hiind.  the  capital  spent  {i.e., 
destroyed)  for  construction  or  pl^nt  be  needlessly  large,  although 
the  poor  man  gains,  for  the  time  being,  wages  which  hs  wotiW 
not  otherwise  receive  from  that  particular  enterprise,  yet  it  is  as 
if  he  wertf  [>aid  wages  to  turn  a  crank  which  ground  no  grist — 
bis  time  and  his  work  go  for  naught.  If  he  spend  half  his  time 
(a  this  way  he  must,  in  (he  long-run,  do  two  days'  work  for  the 
wages  of  one — a  condition  which  is  nearer  to  existing  in  railway 
rntrrpristis  than  is  always  realized  or  admitted. 

Coint<*ri«an  a(  ihc  coMlllioa  of  laboren  in  counirle*  uid  «|i:ca  wlicre  human 
UIkit  u  cconoRiTicd  <rr<lDr^  lo  *  minimum  (or  mrh  tcpsraic  tervkcl  and 
itb*re  ii  u  niK.  lully  eatablbtica  tbia  impoitaxil  economic  crutb,  u  to  vhich 
■MiiT  tilM  notinni  prevail. 

13.  On  the  other   hand,  if   the   proper  margin  of  prolii  ha* 
been  reduced  by  reckleu  and   costly  economies,  no  one  gains 


< 


CHAP.   I.~WCEPTJO.V  OF  /tAJLWAV  PROJHCTS. 


even  the  semlilance  of  benelil,  while  both  the  projectors  and  the 
patrons  o(  the  enterprise  arc  heavy  losers — the  projectors  in 
money,  the  patrons  in  convenient  service. 

These  two  vitui  truths.  Ihereforc.  uiiich  dirccily  result  from 
vliat  has  preceded,  should  never  be  forgotten:  that  because  ii 
line  will  have  oris  expected  to  hiivea  prosperous  future — beciuise, 
perhaps,  it  is  to  be  built  by  the  Slate  for  great  reasons  of  slate, 
or  for  any  oiher  reason  will  have  plenty  of  money  in  the  treasury, 
there  is  therefore  no  justification  in  thai  fact  alone  for  making^ 
it  a  costly  road  as  well. 

On  the  other  han<l,  no  road  is  so  puor  that  it  can  afford  to 
economise  when  certain  ndditional  expenditure  will  be  clearly 
Tcry  profitable.  If  it  is  <:learly  understood, or  believed  for  good 
reason,  that  a  given  additional  inveslmcni  will  certainly  pay  to 
or  15  or  35  or  50  per  cent,  as  the  case  may  be,  it  may  almost  be 
said  that  the  poorest  company  can  find  ways  and  means  for 
obtaining  the  capital,  if  the  facts  be  proprrly  and  clearly  pre- 
sented. 

14.  The  temptation  to  err  by  neglecting  these  .axiomatic 
laws— which  is  always  present  with  every  une  in  laying  out  a 
railway — becomes  especially  diHiciilt  to  guard  against  under  two 
circumstances  of  frequent  occurrence  : 

/»j/,  when  a  line  of  light  traffic  is  to  be  carried  through  .in 
inherently  difltcult  country,  so  that  the  cost  of  construction  must 
in  anyca^e  he  hirge.  The  tendency  to  look  on  a  slight  per- 
centage of  increase  in  cost  as  a  trifling  matter,  although  it  may, 
nevertheless,  involve  an  expenditure  out  of  all  proportion  to  the 
»eal  advantage  secured,  is  very  strong,  very  difhcull  to  avoid, 
rarely  or  never  Avoided  altogether.     Per  e^ntra  : 

M.  Steaadly,  when  a  tine  of  comparatively  heavy  Irafiic  is  to 
be  carried  through  a  region  oBcring  small  natural  difHcultics,  a 
dangcrotis  tendency  arises  of  an  opposite  character; — a  tendency 
to  unduly  exaggerate  the  importance  of  a  large  pciccnt.igc,  and 
yet  small  aj^gregate  of  increased  cost.  This  tendency  is  especi- 
ally probable  and  dangerous  when  means  for  construction  arc 
limited,  or  when   the  margin  of  profit  on  the  enter])ri»e  as  a 
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whole  IS  liable  to  be  small :  a  fact  which  should  not  be  per- 
mitteiJ  to  exercise  any  influence  whatever,  except  through  its 
reflex  cITcct  on  the  rale  of  interest  on  capital.  The  most  i>«iial 
and  most  unfortunate  form  which  an  error  of  this  kind  cun  t<iike 
is  the  adoption  of  unduly  high  gradients  to  eflect  a  reidly  trifling 
economy.  The  railways  of  the  Western  United  Slates,  as  al- 
ready noted,  have  suffered  greatly  from  this  cause. 

The  most  experienced  and  cautious  man  cannot  free  himself 
wholly  from  these  two  grave  errors;  the  inexperienced  engineer 
or  projector  should  therefore  be  continually  on  his  guard  against 
(hem. 


16.  It  has  seemed  essential  thus  to  lay  down  certain  pcelimi* 
naiy  generalities  as  to  what  should  be  the  attitude  of  mind  of 
a  locating  engineer,  because  he  ts  often  unconsciously  and  im- 
properly guided  in  his  actions  by  the  mere  bald  feeling  (wlieiher 
justified  or  not  does  not  matter)  that  his  company  is  very  rich  or 
very  poor,  and  that  he  can  spend  or  must  save  accordingly. 
Supposing  him  to  enter  upon  the  work,  therefore,  with  that 
most  im[>orlant  of  all  preliminaries,  a  correct  appreciation  ot 
the  proper  basis  for  decisions,  llic  problem  for  which  he  is  prop* 
erly  responsible,  when  selecting  a  route  for  a  railway  whose 
construction  has  been  determined  on,  may  be  again  subdivided 
Thus: 

Firtt,  and  by  very  much  (he  most  important,  is  the  selectio* 
of  the  general  route  between  the  two  established  termini,  or,  as 
very  often  happens,  the  selection  of  one  or  hoih  termini  as  welL 

iktendtj  comes  the  adaptation  of  ihc  line  in  detail  to  the 
topographical  condicions  which  exist  along  the  route  selected. 

17.  The  question  of  general  route  is  commonly  settled  by  the 
RKCONKAissAKce,  which  for  this  reason  must  be  classed  as  by 
far  the  most  important  duty  of  the  engineer  in  charge,  and  the 
one  for  which  it  is  most  essential  that  he  should  qualify  himself 
properly,  which  he  can  only  do  by  learning  to  estimate  and  give 
due  relative  weight  to  all  thove  circumstances  which  have  or 
may  have  ■  bearing  upon  the  future  of  the  property,  as  well  « 
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to  judge  of  the  physical  possibilities  of  the  route  in  question. 
Otlieiwise — if  he  is  qualified  merely  in  the  latter  respect — his 
danger  is  a  double  one:  that  he  will  give  undue  weight  to 
purely  engineering  questions  as  against  commercial  and  pecuni- 
ary advantages  ;  or,  vice  versa,  that  the  desire  to  reach  such  and 
such  a  town  or  make  such  and  such  a  connection  may  work  in- 
jury to  ihe  property  considered  as  a  whole. 

The  reconnaissance,  in  the  broad  sense  here  given  to  the 
'erm,  viz.,  the  selection  of  the  entire  route  between  termini,  or 
:ven  in  cases  of  the  termini  themselves,  is  rarely  left  entirely 
lo  the  engineer  or  to  anyone  person.  But  by  whomsoever  de- 
cided, there  is  the  same  danger  of  error  from  attaching  undue 
importance  to  some,  at  the  expense  of  other,  governing  con- 
siderations. 

18.  The  art  of  correctly  discerning  in  advance,  by  merely 
ocular  examination,  assisted  only  by  maps  and  a  few  portable 
instruments,  the  physical  possibilities  and  probable  cost  of  a 
projected  oi'  possible  railway  route,  and  of  making  the  most  ad- 
vantageous selection  from  the  possible  routes  (which  arc  always 
numerous)  for  further  instrumental  examination,  is  sometimes 
supposed  and  stated  to  be  a  sort  of  "natural  gift,"  dependent 
upon  an  "eye  for  country,"  and  to  be  acquired  only  and  exclu- 
sively by  practice. 

As  with  most  popular  impressions,  there  is  a  foundation  of 
truth  in  this.  Certain  natural  qualifications  and  a  considerable 
amount  of  practice  are  essential.  Nevertheless,  the  acquirement 
of  reasonable  skill  and  competency  for  the  discharge  of  tliis 
most  responsible  of  all  duties  connected  with  laying  out  a  rail- 
way is  only  to  a  limited  degree  dependent  upon  practice  alone, 
or  increased  by  long  practice,  and  is  hardly  dependent  at  all 
upon  any  peculiar  "  natural  gift,"  other  than  ii  natural  gift  for 
close  observation,  smd  for  care  in  observing,  collecting,  and  re- 
membering those  facts  which  are  or  may  hereafter  be  important 
— qualities  which  are  apt  to  be  useful  for  other  purposes  as  welt. 
There  are  certain  general  rules  and  methods  to  be  observed,  and 
certain  general  dangers  to  be  avoided,  which  can  be  laid  down 


almost  as  certainly  ai  if  the  art  ot  reconnoitring  were  an  exact 
science,  ^nd  which,  if  (hey  he  mastered  in  advance, — not  simply 
by  reading;  them,  but  by  acquiring  a  habit  of  observation  and  of 
applyinii  them  lo  hypothetical  instances, — will  enable  the  young 
engineer  of  very  limited  exi>erience  to  go  it)io  the  Tietd  better 
ICuarded  again«t  error  than  by  long  years  of  field  practice  alone ; 
(or  the  latter,  in  location,  as  in  most  other  matters  which  re- 
quire something  mure  than  the  mcchaniciil  applic<i[ion  of 
methods  learned  by  rote,  is  quite  as  apt  to  confirm  erroneous 
opinions  us  to  inculcate  good  ones.  The  lirst  necessity  fs  tb 
furm  correct  and  definite  ideas  as  to  what  a  railway  should  be, 
what  kind  of  a  railway  we  arc  to  build,  what  are  tlie  conditions 
trhkh  contribute  most  to  its  prosperity,  and  to  what  extent  they 
to  contribute,  in  order  thut  the  reconnoitring  engineer  may  he 
prriNired  lo  form  on  the  instant  an  approximately  correct  idea, 
.■ot  only  as  lo  what  he  can  do,  but  as  to  what  he  ougiit  lo  do,  in 
any  given  case,  and  to  decide  which  of  two  incompatible  ends 
should  be  sacrificed  to  the  other,  and  what  approximate  sum 
represents  the  difference  in  value  between  them.  Olherni&e  the 
experienced  and  inexperienced  man  alike  are  in  imminent  dan- 
ger  of  failing  even  to  discern  or  consider  what  are  really  the 
most  promising  possibilities— not  from  lack  of  an  "  eye  for  coun- 
try" or  training  ia  the  field,  but  from  wrong  ideas  of  expe- 
diency. 

19.  It  necessarily  results  from  the  preceding  that  the  re- 
*:onn;ii usance  is,  of  all  his  duties,  the  one  which  llic  responsible 
engineer  in  charge  should  personalty  dischaige,  and  never  un- 
der any  circumstances  delegate,  in  part  or  whole,  to  less  expe- 
rienced subordinates,  where  the  final  decision  may  be  seriously 
afiected  thereby. 

The  greater  portion  of  this  volume  will  be  devoted  to  the 
presentation  of  data  as  to  the  first  and  most  important  of  the 
duties  connected  with  the  reconnaissance  and  subsequent  sur- 
veys, determining  what  OUGHT  to  bk  done  :  afterwards  coih 
sidering  the  comparatively  simple  matter  of  how  to  do  it. 

20.  To  reach  entirely  correct  decisions  as  to  what  ought  to 
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be  done  requires,  it  is  plain,  that  we  should  not  only  liavc  a 
correct  idea  of  (he  nature  of  a  railway  corporation's  finances  and 
of  railway  traffic,  but  ihat  we  should  foresee  exactly  ilie  volume 
and  sources  of  the  future  trafRc,  and  the  details  and  probable 
amount  of  ihe  future  openiting  expenses,  as  wc!l  i\%  in  pArt  of 
the  future  revenues  ;  for  the  larger  the  probable  truflic.  the  more 
perfectly  adapted  to  its  cheap  handling  can  we  afford  to  make 
every  detail  of  thelinc  ;  the  larger  t!ic  probable  revenue,  the  less 
will  the  burden  be  felt  of  paying  interest  on  present  expend!* 
tures.  etc.,  etc. 

St.  This  we  cannot  do.  To  foresee  such  details  perfectly  is 
impossible.  To  foresee  tliem  in  any  degree  wc  are  obliged  to 
do  that  most  hazardous  thing — to  look  forward  to  and  "■dis- 
count" the  future  ;  to  make— and  act  npon — what  is,  after  all, 
nothing  more  than  a  guess  at  the  probable  course  of  future 
events.  Tu  foresee  the  future  with  adequate  exactitude  even  in 
the  simple  case  of  improvements  on  an  old  road  is  difficult,  al- 
though wc  have  a  definite  past  to  guide  us.  In  the  case  of  a  new 
road  it  is  slill  more  difficult  to  approximate  lo,  and  still  less  pos- 
sible to  reach,  an  e'x.ict  and  positive  result  \  hut  nevertheless, 
especially  in  any  country  where  railways  ;ilready  exist,  estimates 
of  the  financial  importance  of  doing  or  not  doing  certain  things 
can  always  be  made,  hy  proceeding  on  correct  principles  and 
tising  proper  care,  v'.iich  shall  be  a  sufficient  guide  for  locaiion. 
and  hence,  whc.  made,  should  always  be  carefully  followed  in 
preference  V,  mere  "judgment"  and  guesswork  pnre  and  sim* 
pie.  The  uncertainty  as  to  ihc  exact  requirements  to  he  ful- 
lilled  by  the  works  when  completed  is  a  disadvantage,  indeed, 
which  cannot  be  escaped  ;  but  the  more  difficult  it  is  to  reach 
absolute  correctness,  the  greater  need  wc  have  of  some  guide 
which  shall  reduce  the  unavoidable  guesswork  to  its  luwesi 
terms,  and  so  save  us  from  the  manifold  hazards  which  result  from 
not  only  guessing  at  facts,  but  at  the  effect  of  those  tacts.  What- 
ever care  wc  use,  wc  can  never  attempt  witli  success  to  fix  the 
exact  point  where  economy  ends  and  extravagance  begins  ;  but 
what  we  can  do  is  to  establish  certain   narrow  limits  in  either 
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dirrcllon,  somewhere  witliin  which  lies  tlie  truth,  atirl  anywhere 
outside  of  whicli  tics  a  certainty  of  error.  Due  judgment  and 
caution  require  thai  we  should  do  so ;  and  this  is  what  we  do 
effect  wheii  we  make  as  careful  an  ctlimale  as  possible  of  ilie 
detaih  of  the  |>robIem  and  accept  the  lin<Ll  result  as  an  absolute 
guide. 

llKfollowingthrcp  uUe((l(0  3),  while conuinlngil«Uothetwliieuaetul,  loil 
la  vhieh  wc  shall  have  occasjon  to  refer,  bring  »ul  vividly  ihe  enormous  indi- 
MM  bcaebti  ifl  ntllwayi.  whtdi  bare  much  lo  iln  wlih  ih<  con»lruclion  of  wt,t>y 
tbMS  Mherwhc  profitlna.  u  noiuhly  in  Canada  and  Mexico,  where  the  sovetn- 
meni  tuu  (lery  pioperly  and  widely)  paid  heavy  tubiidics  to  iweuTe  the  con- 
Hrwalun  ■>(  oiherwtw  piflfilte**  Unci.  The  same  tiii«  ticen  true  lo  h  Urne  cx- 
imt  In  ibe  Uniird  State*,  bo4h  as  rovpecta  (he  |[cn«ial  fcovemcneni.  States,  and 
^TBle  Indivldaala  and  corpontlions.  N'early  alt  the  in<(casc  in  ihc  valualloD 
•I  till  failed  Stale*  8loc«  1850,  «a  »hqwn  in  Table  3.  may  be  wid  to  be  dun  in- 
ArvcUy  10  railways,  line*  milhoul  Ihcir  aid  a  much  Kicater  v«Iualion  than  ex- 
Wed  In  iGjc  would  bave  been  impouiblc. 

Tasls  I. 

ErrtuATaD  Total  Wialtii  of  the  VNirzo  State.^ 
(MMTKMd  !(•«  U.  S.  Ctawi.  Mo.  Report  ol  U.  Gaancll.  Special  Agent.] 


Inuai. 


Rallwayi  and  ei|alp(nenl 

Fumi 

Bciidcnce  uid  buiiiMM  real  estaia,  lacludlag  water- 
power 

Tekgrapli,  thlppbiK.  and  caoals 

LiTc-itMk.  faming  loob,  and  machinery 

Hotacbold  Inmiturc  aad  penooal  clothing,  etc 

Njim  and  •juatrie*.  includloit  6  nxM.  averafr  output 
etUiBBled  ai  on  hand.. 

Three  fourths  of  annual  product  of  agriculture,  manu- 
Ladurea,  and  tin  po rut  ions,  cslimaled  as  on  hand 

Cbiorht*.  Kboola.  and  puMie  buildlngf  not  taxed 

Spede ^.... 

Jleckaaics'  tools  and  misccltaoeoua ..,•. 


Total  wealth  of  United  State*,  June.  i8Sol. 


Toial 
Amount. 

I  =  I.0W.400 


S.f3& 
10,1.): 

'),89i 
4"q 

5.000 

JBI 

6.160 
3.000 

6iz 
650 


Phodi. 


43M* 


tl.(i9 
aj.37 

33.64 
.96 

5-St 
11.46 

1.79 

14.it 
4-58 
I  40 
1-4') 


too. 00 


Kara.— •lachidinc  the  sikaee  which  wai  under  (tmATuciicHi  at  the  lime  of  ibccenm*, 
id  ■Bn«y  ipeDl  on  ttwdotwd  KiaitSD):.  then;  luay  have  hcen  ih*  equivaleDt  of  lodM 
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Table  3. 

Valuation  pkk  Hkai>  and  Total  Truk  Valc atios  of  each  Stats  or  t»x 
Umted  Statbs  since  1850,  uv  Dect.nntal  Pkniods. 

lAb*tnc»d  (ran  Vol.  Vtl.  o(  ago  Ccniui.    The  v*lu*iioiu  pcnntinir  ilre  include  ihirtt  a* 
pervcnul  proptrif,  to  (hat  mufh  oMht  itpp«r«nl  latlinBoflit  Ikthlouii  ] 


Statu, 

THUS  ViLUAiioH  ma  HaAO. 

ToTii  Tiua  V*i.i'JiTio«.  1  =  r,{i»ima» 

ISSO 

laao 

•670     lUO 

lUO 

1150 

ia«o 

1870 

IMO 

IMO 

Mitnt 

NcK  lUmpthlrc.. 

MUHCDUKlIt 

Rhode  Iilknd     .. 
ConnRlicui   , . , . 

•*4 

15 

S» 

Ull 

i.H( 

■I*J 
i<;' 

I44J 

Jt!iL 
ii)> 

'if 

•9° 
i» 

eit 
"« 

•44 

14B 
•»1 

»]• 

•97 

m 

4« 
779 

Avrncc 

«6 

•r 

W<.  1    lOJ) 

"•B 

•Ma 

40«» 

4W> 

New  Vork 
N««  |«ttcr 

I'cnnai'lnnlii  ... 
l)Fli<nte 

iijt 
"'1 

» 
>■ 

MIT 
4»^ 

_!?•_ 

W7 
41 

TO 
JSJ 

IS 

«sa 
aT« 

£12 

««4 

J     410 
1     ■«< 
t4i 
kA 
t6t 
44 
»CI4 

»o» 

H) 

■^ 

»>a* 
IJ«( 

lie 

pf 

|»9L 

,»*) 

'4( 

»« 

»!) 
441 

■«4 

4W 

1114 

.II 
J"! 
») 
44t 

4?7 

54r 

"•J 
•  ■« 

■•r 
•M 

Ml 

:x 

art 

■M 
» 

40 

l..«9l 

UiiL  ot  ColumblL 

V««lnU     .     

W«i  VirRtnU... 
Kerib  Cufolina., .. 
South  CdroliuiL. .  - 

*}• 

Ml 

M7 

J" 

)>' 

*•» 

4iS 

57* 

8)7 

•■a 

iV, 
£1 

9« 

Afkunn) .. 

Tenneaw 

Af«rac* , 

JW 

M" 

»w 

S"» 

tVH 

7Vn 

•J" 

Jl" 

lilt 

_"» 

*H1 

an 

a* 

"!* 

•■9 

6» 

3910 

■580 

HktiiiM 

•Ol 

1» 

JW 

¥* 

w* 

9;w 

191 

(14 

•9* 

74J 

lit 
roi4 

4a 

*4 

■14 

s» 

»4T 
JOI 
»■ 

79" 
17" 

»» 

Ml 

If" 

8:, 

»» 

■"4 

)HJ 

*JW 

"i 

•tj 

■OH 
4I» 

1 

» 

A 
■5 

r 

aa 

id 
•• 
M 

aao 

Avtnc* 

*i 

••? 

»♦» 

•  Hf 

' 

II 

7» 

y>i 

s 

SSI 

?1S 
567 

■nt4 
£1 

> 

S 

A 
> 

.1 

r 
■i 

»a 

Itiho.  

Wialiinsua 

n* 

J9I 

irtD 

«■ 

« 

«■ 

4» 
■MJ 

CalKonii* 

»» 

'iij 

'Ml 

ai 

as* 

At*»^  U.S.,. 

f- 

1'4  '     rt" 

»7» 

r..,i 

■a.iCD 

»"*» 

4V«41 

Mllei  of  Railway  (itjo.  i.l>n | 

4k^kt> 

]».<« 

»».9M 

eW4> 
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9$.om  mUw  in  ih«  couocry,  indkatinf;  (hat  (h«  xiirac*  >^uc  ^MaA  oa  ii  l»  •  li|(|«  I 
Uua  $bo^ai»  pn  inll*.  Thit  eoriapond*  tSomXj  u-iib  ilir  iH:);ncM«  of  ilock  and  bmdt 
pa  null  (Tatila  ji|.  twl  il  n^mMnU  vatu*  anil  nut  com.  and  Ihc  laltM  lui  probably  oM 
tif*v  u>«(  %3^ixo  to  S4a,(xio  per  oule  in  cj«h,  •rlilch  would  make  tlic  actual  toM  of  the 
Tj>«aar>  l»'»x  f"«  iK  10  B  iwi  Mct  <■[  the  natluial  wealth.  Vol  al  kaM  IbrMquartmol 
Ik*  awirnwrn  acE"'caM  nuy  br  uiil  to  b*  ih«  ilinct  nsnil  of  nilwara.  alnrr  wlthoui  Ihcm 
M  BouU  Ann  han  rusted.  In  <nher  wonls.  eivry  dollar  of  cash  invcMcd  In  tailwajrt  liu 
«■  an  atcnf*  added  56  o  $S  to  tb*  noilonal  wtiiliti;  >  fact  wliir.-h  lu>  had  aiud'.  to  do 
wnk  tki  ooMlnKtian of  railwajr*  "hich  «crv  •anx  ilitccily  iiiufttablv. 

Table  3. 

RAn.wAT  CArrTAt.  and  Pvnuc  Wcalth  of  me  VTorld. 
(RaMMUaMitd  abi  fUviMd  fraa  HwDhU'^  "  DlcUoaary  M  Siuluia."] 


UoUedSulM. 
Canada 

Anatnll*. 


DolMd  KiaBdam. 

Fmwe 

GnniAa* 

RuuiK 

Aanrik 

IUI7..... > 

SplUB 

PonDgal 

Bcixxm. 

Hflllaad. 

OeonuTk 

Swede*  aiMt  Norwmjr. . . 

SwluerUiKl 

TMtk«T,  tie 


Total  E«rape. 
GraDd  Total. 


Mbn, 


Total 
Railway 
CMitlaf. 
H>nioaa 


50.410 

4.340 

>.8So 


j;.430 

4i.»6o 

84.440 

3T.»3o 

3&,i>10 

16,990 

4.3f" 

J. 4*0 

4.060 

i.qbo 

6,s6o 

i.Sto 

17.150 


• 

5,780 
M9 

5J40 
i,4<>o 

i.soo 

■,*S6 

SS4 

38j 

58 
^^ 
131 

49 
■55 
160 
117 


3U,W0,    IJ.069 
370v630,    19.470 


Mile  of 
Rkllway 


% 

SS.3OO 
46,700 
50,500 


ao3.ooo 

I33.WX' 

■09,300 
99.500 
100.300 

■M.300 

1%tm 
74.800 
10Q.S00 
90.300 
50.000 
31.000 
07,100 
64.600 


lohabl- 
laol. 


I 

113 

83 
97 


117 
63 
49 
t9 
34 
>9 
34 
IS 
S3 
34 
34 
34 
S8 
10 


1 17.300 
84,700 


39 
49 


KallMil 
Woltli. 
MUltMia. 


t 

50340 
3. '60 
a,  900 


191600 
949,UM 


RMloaf 
Ksilwn 
!<■  T..ial 

CiplUkl 


Per  etni. 

11.4 

■  l.l 

93 


B.8 
6.t 
7.1 
?-7 
6.5 
4.8 
S-< 
3  3 
53 
34 

3.3 

4-3 
10.7 

3J 


6.7 
7.8 


^1  tfTaoa 

^^V  naifaoiaKMbtk*,  eiDFpipapiUaUan,  aremoMly  fortheyeai  i8Si_   Hanynronand 

^^H  lacBMiMBdM  ftobably  aiitl  in  thi*,  aa  In  all  similar  Btimalsa.    No  cnal  acmracy  I* 

V  AcmnSni  W  UuDuH  the  iicilih  of  BrllalO  has  more  than  doublid  In  ihc  pisl  w  yrail. 

I  aiMl  <|BadRIpM  hi  70  yean.     Wfallelbc  Indlract  btnellti  ol  r^lwayi  have  bcrii  Tut  Iru  in 

I  Eincfic  than  in  th«  (.'oilfd  SlaUB,  h  b  lolnably  certain  that  al  least  40  |i«r  cant  of  the 

I  p— I  i^h  ol  Euw|it  wwM  ■ot«fat  cacept  lor  tham. 


CHAPTKR   II 


THE    MODEKN    KAILWAV   CORPURATIOK. 


22.  MoDERK  railway  coipora lions,  even  ihc  slrongest  of  (hem, 
have  but  a  nariow  margin  foi  mistakes.  It  is  imporiani  that 
wc  should  have  that  fact  clearly  before  the  eyes,  and  the  reasons 
why  it  must  be  so,  in  order  that  the  atmosphere  of  wealth  which 
surrounds  the  period  of  construction  may  not  bc)[uile  u«  into 
folly. 

The  orijcin  of  most  modern  railway  cor(>orniion!t  is,  in  its 
eijonomic  aspects,  about  as  follows :  A  certain  number  of  men 
conclude  that,  for  anyone  of  the  reasons  before  considered,  there 
is  sufficient  need  of  a  railway  in  a  certain  region  to  make  it,  when 
completed,  worth  more  than  it  has  cost  to  those  who  have  built 
it,  so  that  a  "profit,"  or  creation  of  a  greater  value  than  the 
expenditure,  will  accrue  lo  them. 

Ordinarily,  this  sanguine  expectation  Is  at  least  so  far  justi- 
fied that  the  property  when  completed  is  worth  to  some  one,  in 
one  way  or  another,  all  or  nearly  all  it  has  cost,  although  there 
may  be  no  great  profits.  In  any  rapidly  growing  country,  like 
tile  United  States,  the  general  rule — subject  to  numerous  and 
painful  exceptions — has  been  and  is  that  railway  properties,  like 
other  enterprises  of  the  kind,  tend  to  be  very  productive,  and  to 
eventually  rite  in  value  far  above  their  real  cost,  often  to  many 
limes  iheir  cost. 

32.  For  this  reason  it  has  very  frequently  happened  in  the 
United  States  that  enterprises  have  appeared  to  be  of  so  sound 
a  character  that  they  have  been  almoft  immediately  able  to 
borrow  on  mortgage  their  entire  capital  for  construction,  or 
even  a  still  larger  sum,  and   the  original  projectors  and   tnic 
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"owners"  of  tlie  property  have  not  been  required  to  invest  any- 
thing whatever  in  the  property  tliemselves  beyond  their  original 
«igaciiy  in  iniliating  the  enterprise — a  quality  which  has  its 
value  in  railway  business,  as  in  most  other  human  affairs.  In 
all  cases  they  can,  if  they  choose,  borrow  on  mortgage  whatever 
sum  they  can  make  capitalists  believe  is  or  will  be  the  minimum 
value  of  the  property.  Usually  they  not  only  choose,  but  are 
compelled  to  do  this. 

24.  The  origlniil  piojectors,  who  alone  appear  in  the  manage- 
ment of  the  enterprise,  and  who  alone  constitute  what  is  known 
as  ■■  the  Company,"  then  simply  make  good  the  deficiency,  if 
there  is  any  deficiency,  in  the  means  for  construction;  assuming 
what,  in  the  general  opinion,  is  the  whole  risk  of  the  enterprise. 
For  taking  this  risk,  as  well  as  for  their  services  in  initiating  and 
carrying  on  the  enterprise,  they  obtain  nothing  more  than  what 
may  be  called  the  speculative  interest,  viz.,  that  portion  which 
fluctuates  with  and  depends  solely  upon  the  skill  and  good  judg- 
ment with  which  the  property  has  been  originally  planned  und 
is  afterwards  managed;  which  may  be  wiped  out  in  a  moment 
or  may  become  very  valuable. 

25.  This  interest  is  in  modern  times  supposed  to  be  repre- 
sented by  the  stock  or  (in  England)  "shares,"  although  the  line 
between  stock  and  bonds  or  mortgage  securities  is  not  always 
sharply  drawn.  The  proportion  which  the  stock  and  bonds 
bear  to  each  other  varies  greatly  in  different  parts  of  the  United 
Stales  and  of  the  world.  In  regions  where  capital  is  abundant, 
and  there  are  small  chances  of  either  great  loss  or  great  gain, 
those  who  believe  in  the  enterprise  and  would  be  willing  to  lend 
money  on  its  minimum  value  will  prefer  to  own  it  outright,  and 
few  or  no  mortgage  bonds  will  be  issued.  Such  is  the  case  in 
England  and  on  the  Continent.  In  a  country  where  the  future 
is  all  uncertain,  but  where  population  and  traffic  is  advancing, 
literally,  by  leaps  and  bounds,  and  where  the  future  is  so  "  dis- 
counted "  (as  it  is  all  but  inevitable  that  it  should  be)  that  lines 
rre  built,  not  for  the  traffic  which  exists  but  for  the  traffic  which 
'«  to  come,  the  opposite  conditions  will  all  but  inevitably  prevail. 
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The  bonds  themselves  will  llien  partake  of  a  speculative  char- 
acter, and  will  Involve  as  much  huznid  us  large  investors  can  be 
perauudcd  to  consent  to.  Consequenlly  there  will  be  a  <:onstant 
tendency  (or  roads  lo  be  "Ijiiilt  on  bonds."  ihc  bondholders 
being  in  fact  sharers  in  the  speculative  risk,  but  to  a  less  exicn(. 
The  limits  of  doubt  as  lo  the  future,  between  the  maximum  and 
minimum  value  of  llie  property,  being  a  large  one,  lliey  know- 
ingly assume  a  portion  of  this  risk,  leaving  it  to  the  nominal 
'* Company"  to  manage  the  property,  and  trusting  that  they  nilt 
manage  it  us  skilfully  as  they  can,  as  their  own  sole  chance  of 
reaping  a  profit  (or  themselves. 

These  latter  conditions  arc  welt  known  to  obtain  more  fuliy 
in  tile  United  Slates  than  in  any  other  considerable  region  of  the 
world,  and  on  that  account  it  is.  and  not  primarily  from  differ* 
ence  of  laws  or  business  habits,  [hat  the  railway  system  of  tlic 
United  Stales  has  been  built  to  so  much  larger  extent  than  else- 
where on  borrowed  capital  represcnicd  by  bonds. 

26.  Under  conditions  involving  so  large  an  element  of  specu- 
lative uncertainty,  as  well  as  such  great  probabilities  of  ultimate 
prolit.  many  abuses,  much  feverish  excitement,  many  deceptive 
exaggerations  both  in  good  faith  and  in  t>ad  faith,  much  guining 
of  something  from  nothing,  many  cases  of  visionary  folly,  of  sad 
disappointment  and  of  deliberate  fraud, are  all  but  unavoidable; 
yet  in  the  conditions  themselves  there  is  nothing  cither  surpris- 
ing or  reprehensible  or  avoidable.  We  have  seen,  in  a  much 
•^^Bg* ■"****'  form,  the  same  causes  producing  tiic  same  effects 
in  the  oil  extitcmcnt  of  1S63-5.  yet  they  were  but  the  collateral 
evil  efiects  of  a  movement  in  itself  in  every  way  healthy  and 
normal,  and  they  ceased  with  the  period  of  rapid  expjmsion  and 
sudden  and  irregular  proliis. 

So  with  the  organisation  of  our  railways.  The  existing  con- 
ditions, with  nil  their  collateral  evils,  are  in  the  main  healthy 
and  natural  ;  and  whether  good  ur  bad,  cannot  be  expected  to 
materially  change  until  the  process  of  rapid  development  and 
advance  in  wealth  has  ceased,  which  will  not  probably  be  for 
many  decades.     Until  that  time  railways  will  continue  to  be 
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largely  built,  as  ihey  are  built,  on  bunds  and  faith  and  liope, 
wiUi  a  nurrow  m<irgin  ol  liniinciiil  safety. 

17.  It  i%  often  cluinici)  tliat  the  existence  of  these  conditions 
Is  BD  evidence  and  result  of  a  (greater  national  lastincss  in  doing 
business,  but  UiU  is  true  only  to  a  limited  extent.  The  main 
reason  is  t1i;)t,  UM'tiig  to  Die  rapid  development  of  the  United 
6iflle4,  the  m;irgin  of  positive  and  certnin  value  has  seemed  10 
eapiuUsts  to  be  larger,  and  the  minus  side  of  the  speculative  and 
dubious  element,  the  proper  allowance  for  possible  depreciation, 
bos  appeared  to  be  le»s.  The  same  genei-al  law  obtains,  and 
Atwaji  has  obtained,  throughout  the  world,  that  such  prupertieft 
arc  always  built  on  borrowed  money  up  10  the  limit  of  what  is 
regarded  as  their  positive  and  certain  minimum  value.  TIte 
rtak  only,  the  dubious  margin  which  is  dependent  upon  s.iigacily, 
«kill,  and  good  management,  is  assumed  and  held  by  the  Com- 
(uiny  proper  who  control  and  munage  the  property. 

Thus  it  happens  that  in  Amctica.  and  in  an  incicasing  degree 
liirougboiit  the  woild,  the  nominal  "  Cotupany,"  which  the  engi- 
neer and  all  oilier  officers  serve,  and  which  exercises  full  control 
orer  the  entire  property  for  the  lime  being,  although  in  theory 
li  is  the  real  owner  of  the  property,  is  not  such  in  fact.  All  it 
leally  owns  Is  a  contingent  interest  in  the  results  of  its  own 
sagacity  and  skill  in  creating  a  property  which  shall  be  In  fact 
worth  more  than  what  lending  capil^ili^ls  consider  its  minimum 
probable  value.  Their  small  payment  for  this  contingent  inter- 
est (if  Uicy  pay  anything  at  all)  is  precisely  equivalent  in  its 
nature,  allhouK'i  less  objectionable  morally,  to  what  is  called  a 
■•  margin"  on  stocks— il  is  sufficient  only  to  cover  the  financial 
Tiik  of  the  enterprise,  or  the  difference  between  the  actual  and 
necessary  cost  and  the  general  estimate  of  the  minimum  value  of 
the  line  when  completed,  which  is  represented  by  various  forms 
of  bonds. 

?9.  The  essential  truth  of  this  general  summary  is  not  de- 
creased by  the  fact  that,  to  be  entirely  correct,  it  should  lake 
note  of  many  apparent  anomalies  and  exceptions.  Thus  it  not 
tofrcquenlty  happens  that  the  issue  of  "  mortgage  bonds,"  and 
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even  ilic  ciish  received  for  ilicin,  is  alone  for  greiilcr  than  the 
acliiul  investment,  and  siill  more  frequently  tliut  a  large  propor- 
tion of  the  bonds  are  "  taken"  ("convey"  the  wise  it  call)  and 
held  by  l1ie  oritiinai  incorporators.  Usuatly.  in  such  instance, 
the  second  or  third  or  fifteenth  monguge  bonds  ure  in  te:iltty 
the  stoik,  and  represent  tlie  speculative  interest  dependent  upon 
management;  u*)iicti  in  that  cane  very  property  controls  tlir  prop* 
erty,  cillicr  in  law  or  fact.  In  that  case  loo,  when  (lie  propetty 
Is  not  a  productive  one  and  a  necessity  arises  for  more  capital  to 
enable  it  to  hold  its  own,  some  new  device,  "prior  lien"  bonds 
or  what  not,  is  used  to  transfer  the  true  mortgage  interest, 
involving  no  risk,  to  new  parlies,  in  lieu  of  those  who  originally 
held  it,  or  thought  they  did.  Per  (onlra^  when  ihc  properly  h.is 
been  successful,  then  begins  the  process  of  "  watering."  so  called, 
i.e..  increasing  tlie  stock  or  bonds  by  new  issues  until  their  total 
amount  bears  a  nearer,  or  at  least  more  satisfactory  rcbtion  to 
the  present  value  or  productive  capacity  of  the  property,  as  dis- 
tinguished from  its  original  cost.  There  have  not  been  wanting 
gcuss  frauds  and  impositions  in  this  practice,  as  is  not  unknowit 
ii)  other  business  matters;  but  in  its  essence  it  Is  an  entirely 
legitim.-ite  and  proper  business  transaction,  in  tlic  nature  of  a 
capitalization  or  "luihing  down"  of  realised  biisincKS  profit,  and 
belonging  a»  justly  to  the  holders  of  ihc  property  as  the  corre- 
sponding rise  in  the  value  of  other  real  property.  .\  certain 
argument,  whose  force  in  certain  individual  cases  is  univcrsiilly 
recognized  by  intelligent  men,  can  be  made  against  the  reten> 
tinn  by  the  individual  of  all  such  "  unearned  increment,"  hut  in 
the  general  judgment  of  mankind  ihe  argument  on  the  other 
side  is  immensely  stronger.  The  only  legiiimatr  distinction  in 
this  respect  between  railway  property  and  any  other  real  estate 
\%  that  the  nature  of  its  origin  as  a  creature  of  the  State  jnsii- 
lies  a  demand  that  its  monopoly  powers  shall  not  be  used  op> 
pressiveiy,  to  charge  more  than  a  fair  equivalent  for  service.  «s 
measured  by  practice  elsewhere  or  on  other  kinds  of  imffic,  I 
under  similar  circnmsiancen  ;  but  the  just  increase  in  value  of  a 
well-localcd  railway,  which  does  not  abuse  its  monopoly  powers 
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to  Make  unjust  CJcactions,  is  fairly  the  property  of  the  owners, 
aowevcr  large,  unless  and  until  the  public  are  prepared  to  in- 
sure the  investors  a  certain  minimum  return  as  well  as  deny 
them  the  uncertain  maximum. 

It  may  be  added,  that  the  mortgage  or  bonding  process  is 
carried  on  to  a  greater  extent  in  railway  than  other  business, 
simply  because,  unlike  most  other  business  enterprises,  a  certain 


-  ^20.000,001 


Fic  ). — DiACRAH  CHOwiNn  Till  Ftnahcial  Rrcord  Of  THE  Lake  Shoke  and  Mjchican 
So^TKBKh  Railway  fruu  1870  10  18B5. 

considerable  fraction,  but  only  a  fraction,  of  the  income  of  tlieir 
property  is  in  the  nature  of  a  monopoly  which  no  conceivable 
circumstances  can  destroy, 

29.  The  annual  interest  on  these  various  forms  of  morrgage, 
together  with  fixed  rentals  of  leased  property,  which  are  of  the 
same  nature,  constitute  what  are  known  as  the  fixed  charges, 
by  which  a  large  proportion  of  net    revenue  is  always  absorbed 
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on  the  most  prosperous  properties — very  frequently  nearly  the 
whole  of  it,  and  not  unfrequently  a  good  deal  more  than  the 
whole  of  it,  if  all  such  charges  were  paid. 

In  tables  immediately  following,  the  fact  that  these  are  the 
conditions  which  actually  exist  is  clearly  brought  out,  and  if 
they  were  more  generally  realized  by  engineers,  and  by  railroad 
officers  generally,  during  the  period  of  construction,  it  can  hardly 
be  doubted  that  it  would  lead  to  more  careful  study  of  the  art  of 
obtaining  the  utmost  possible  value  from  the  money  expended; 

but  there  are  few  men  who  are 
not  elated  and,  as  it  were,  in- 
toxicated by  having  their  pock- 
ets full  of  borrowed  money,  even 
when  the  responsibility  is  all 
theirDWn,and  on  so  small  a  scale 
that  its  length,  breadth,  and 
depth  can  be  readily  grasped, 
2  When  the  furtherdangcr  is  add- 
ed of  dividing  up  the  responsi- 

bility  among  a  dozen  or  more, 

J  each  of  whom  sees  millions  in 
sight,  which  in  his  eyes  are  "  the 
J  Company's,"  and  not  the  Com- 
"?3    :^55o     61      a?.     S3      53      Bs  pany's  creditors',  and  a  small 
ric,».— niAcmMSMnwiNc-nn  Pikanci*l  Rue-  part  of  which  will  sufficc  for  all 

OKD  OPTI1M    HiCIIIGAFI  CHNTK^r.  RailhiMD  (IK-  .  r  i    -       j 

lUDiMii  THB  Canada  Southirb),  1878-1885.  possiblc  requirements  oi  his  de- 
partment, the  impulse  to  spend 
money  freely  may  well  become  too  great  for  average  human 
nature  to  resist ;  so  that  the  enormous  sums  of  borrowed  money 
handled  Awv\xi^  construction  will  create  an  atmosphere  of  wealth 
leading  to  a  rash  improvidence,  which  has  been  the  chief  cause 
of  the  bankruptcy  of  many  lines.  As  the  engineer  has  the  first 
"  whack"  at  the  Company's  funds,  and  at  a  lime  when  the  judg- 
ment of  the  coolest  men  is  most  likely  to  be  tossing  about  on 
the  dancing  waves  of  a  "boom"  at  its  very  height,  his  danger  is 
particularly  great ;  and   he  especially  should  realize   that   thr 
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itL'UC  with  new  American  railways  is,  and. must  continue  to  be, 
Ihai  a  very  moderate  [lercentage  of  tliHerence  in  cither  llic  fii-st 
ciisi,  or  the  operating  expenses,  or  (above  all)  the  revenue,  means 
<u  the  original  projectors,  whom  alone  he  serves  or  knows,  all 
ibe  difference  between  success  and  failure. 


VH    <9rt     7t      yy     y      n     ■•«»    »•      n      S3      a*     -««     «c 


fta.  )^-Duak*M  aovMs  no  Fimakcu'.  i»(i>  Tuvnc  Ricobd  im  ma  Ckicaoo  h  Soani- 
wrnnnHK  Kaivvav,  ilrt-iUfi. 

P^wm  in  •quant,  a*  points  nm-uniM  bj  aquart*.  k<<«  the  loxlpti  per  ton-iuili 
^1  f«i.ii  Milk    the  IvWficum  being  Uiow  per  ton-mile.l 

In  FiffL  I.  a.  and  )  is  *hown  sraphicallr  how  very  small  K  the  margin  o< 
tmilkl  •nidi  makei  ih*  diflernont  bctneen  *otvency  aiiU  [ii»olv«ney  even  in  tha 
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soundest  companies.  Tbese  lines  have  not  been  chosen  as  specialljr  marked 
examples  of  the  ordinary  fluctuations,  but  on  the  contrary  are  naturally  very 
strong  pTOpeities — so  good  that  their  slock  has  ranked  for  years  together  amonR 
the  best  investment  securities.  Yet  out  of  the  millions  which  they  take  in 
yearly  it  will  be  seen  how  small  a  margin  is  left  over  for  distribution  to  the 
stockholders  in  many  years,  and  what  a  heavy  percentage  of  advantage  to  the 
stockholders  results  from  a  very  small  percentage  of  increase  in  the  gross  re- 
ceipts, or  of  decrease  in  the  operating  expenses  or  (in  much  less  degree)  fixed 
charges.  The  gain  of  all  gains  for  a  railway  to  secure  will  be  seen  to  be  addi- 
tional revenue. 

30,  In  fact,  the  situation  is  somewhat  worse  than  if  the  Com- 
pany merely  began  business  with  a  heavily  mortgaged  prop- 
erty owned  in  fee.  The  theory  that  the  Company  is  the  owner 
in  fact,  as  it  is  in  form,  of  the  entire  property,  and  lias  simply 
placed  certain  mortgages  upon  it,  is  convenient  and  in  a  sense 
true ;  but  it  more  correctly  corresponds  with  the  real  facts  which 
prevail  in  the  United  States,  and  for  the  most  part  throughout  the 
world,  to  consider  that  the  mortgage  interest  itself  builds  and 
owns  the  real  property,  as  a  man  might  build  a  house  or  factory 
to  rent  to  others,  induced  thereto  by  the  allegations  of  the  man- 
aging Company  that  in  that  case  they  can  and  will  earn  and  pay 
a  fair  or  a  large  rental  on  the  property  from  the  profits  of  the 
business  which  they  propose  to  carry  on  with  the  property  and 
plant  furnished. 

31.  This  is  the  truer  manner  of  looking  at  the  facts,  both  be- 
cause the  "mortgage"  is  ordinarily  far  in  excess  of  the  mort- 
gaging value  of  the  property  as  property,  closely  approximating 
to  and  often  exceeding  its  cash  cost,  and  because  the  property 
itself  is  all  but  absolutely  worthless  except  for  the  one  particular 
business  which  it  was  built  to  carry  on,  so  that  the  loan  or  mort- 
gage involves  the  determination  that  the  property  on  whicli  the 
money  is  lent  is  worth  Its  cash  cost  for  any  one  to  "operate,"  if 
the  managing  company  should  fail  to  do  a  profitable  business 
with  it.  And  as  the  full  cost  of  all  the  fixed  property  is  then 
always  (practically)  advanced,  and  frequently  the  cost  of  all,  or 
most  of,  the  portable  plant  (rolling  stock)  in  addition,  the  nomi- 
nal mortgage  interest  is  so  large  that  it  really  amounts  practi- 
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ally  to  an  ownership  interest  In  the  real  property  ;  and  all  that 
ih«  mongiigc  interest  does  not  own  is  the  imrnuteriul  Iniiichise, 
which  ncccssaril)'  goes  with  the  property  when  iind  if  tliey  as- 
sume control  of  it.  This  is  the  additional  security  whicli  makes 
lli«  nominal  mortgage  interest  a  real  one,  except  that  usually, 
the  operating  company  arc  oliligcd  cither  to  invest  some  money 
themselves  in  plant  to  borrow  the  rest  of  it,  or  to  thcow  in  an 
interest  in  the  business  (stock)  In  order  to  perstiude  outsiders  to 
tmil4l  the  plant.  Very  frequently, — in  fact — usually,  individuals 
lo  the  operating  company  (stockholders)  also  lend  money  (buy 
bonils)  for  the  erection  of  the  plant. 

32.  The  instances  where  the  original  projectors,  even  of  lines 
which  have  ultimately  proved  well  justified  and  highly  succcss- 
lul,  have  bven  ruined  by  depleting  their  means  too  rapidly  with 
unwarranted  or  deferable  expenditures,  and  have  been  compelled 
10  yield  their  control  of  the  property,  almost  on  the  eve  of  its 
success,  have  been  very  numerous.  A  siugle  instance,  selected 
•Imost  at  random,  of  the  startling  vicissitudes  to  which  such 
properties  arc  subjected,  and  of  the  dangers  of  the  most  mcrito- 
rioBS  enterprises  from  the  long  periods  of  depression  through 
which  they  usually  huve  to  pu«s  soon  after  their  construction, 
dnd  from  the  scanty  means  of  the  original  projectors,  may  be  in- 
simcUve. 

33.  Within  a  few  years  after  its  construction,  what  has  sinc«  become 
ibe  St.  Paul.  Minneapolis  &  Manitoba  Railway,  then  the  St.  Paul  &  Pa- 
cil^wasavery  striking  example  of  such  rcclclcss  mana^mcnt  of  rail- 
way investments. 

Its  construction  bef^n  in  the  flush  times  of  1871-3.  Working  then 
318  miles,  it  earned  only  (iSjaooo  gross  and  816A.000  net,  the  Uitcr  being 
ax  the  rate  of  only  is^3  per  mile  of  road.  Its  debt  (exclusive  of  stock) 
wu  then  over  $50,000  per  mite,  and,  no  interest  being  puidon  any  pan 
of  it.  a  receiver  was  appointad. 

In  1875-4  and  1874-5  ^e  net  earnings  were  still  less. 

In  (S76-7,  an  extension  o(  104  miles  into  the  Red  River  Valley  hav- 
mg  been  completed,  the  net  earnings  were  nearly  doubled.  :ind  becanie 
«749  Pe'  mile. 

By  1878,  although  the  bonds  of  the  Company  bad  become  almost 
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worthless,  the  receiver  succeeded  in  completing  the  line  to  the  Dominion 
boundary,  in  time  to  save  a  large  land  grant,  and  the  better  days  of  the 
property  began  to  dawn  ;— five  years  loo  late  for  the  original  projectors, 

A  new  company  was  then  organized,  purchased  the  line  at  foreclosure 
sale,  and  found  itself  the  possessor  of  the  422  miles  above  specified,  and 
143  miles  more,  with  a  bonded  debt  0/  only  S7.266.000 — less  than  $13,000 
per  mile.  Then  first  the  land  grant  began  to  be  of  Immcdiaie  value. 
Immigration  was  flowing  in,  the  Canada  Pacific  was  building  beyond  it, 
wheat  began  to  rise,  and  a  property  which  had  been  almost  worthless, 
all  at  once  became  very  productive. 

The  boom  continued  until  1883,  and  its  prt^ess  is  shown  in  Table  4. 

Table  4. 

Financial  History  op  the  St.  Paul,  Minneapolis  &  Manitoba 

Railway. 


Turn. 

Milci. 

Earnings. 

PUK. 

Mile* 
(MIL- 
1I01U). 

Fr'rfil. 
MiTci 

(Mil- 

liODl). 

Lwd 
Aero. 

ATtr'ge 
Rail, 
Cenu 

Ton. 

DiTi- 
dPndi, 

Grai. 

Net. 

Per 
Ceni. 

3.» 
3'S 

•'.9*0 

H9 

I.49T 

'.«97 

1,49? 
1.4W 

4.9M 
J.IJ9 
7.*1>5 

%.vn 

5. '3" 

•..4B9 

1.607 

3.491 
3."'» 

'S-4 
M-4 
U.I 
53-i 

4S-= 

M.4 
19a. 

M' 

340. 
39}' 

i6S,7DO 

97.9" 
UI.JDO 
l04,tSO 

«3.9» 

i.BS 
t  j> 

■79 
i.ji 

■Ui-Si 

•/A 

s 

It»4-«S 

^ 

By  the  end  of  1883  the  road  was  earning  net  more  than  anyroad 
westward  of  Chicago  except  two  (the  Rock  Island  and  Chicago  & 
Alton),  and  the  boom  was  at  its  height.  The  real  surplus  in  the  last  two 
years  had  been  enough  to  pay  nearly  twice  as  great  dividends.  Its  lines 
were  welt  placed,  and  almost  completely  secured  to  the  Company  the 
possession  oi  the  traffic  of  one  of  the  most  fertile  valleys  on  the  Con- 
tinent. 

Then  an  ebb-tide  set  in.  Immigration  and  the  price  of  wheat  fell  olf, 
as  also  the  immense  traffic  from  the  construction  of  the  Canada  Pacific. 
A  competing  line  on  the  north  shore  of  Lake  Superior  was  opened. 
Rates  were  necessarily  made  much  lower,  and  for  the  two  additional 
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yr%n,  whkh  alone  can  be  ^iven  \a  this  volume,  thu  iccurd  was  a*  iihown 
ID  ihc  Ust  two  lines  (A  Tuble  4.  tbc  contrast  between  whicli  mid  the  Ust 
j'ear  of  the  flush  period  \i  notable. 

Ill  i)»e  Ihm  jrcar,  in  apltc  of  the  (altlng  oti  in  prosperity,  which  bad  in 
It  no  ekmcnt  of  immediate  dliastcr,  bonds  to  the  amount  of  50  per 
•  ent  o(  the  stock  were  "  sold  "  to  stockholderB  for  10  c«nts  on  tlie  dollar, 
wlildi  was,  of  coune,  equivalent  to  a  dividend  of  some  i%  per  cent, 
nuKe  1(  the  future  of  tbe  property  did  not  belie  ita  promise.  Ftom  the 
piini  of  view  of  the  pubtk  interest  there  was  no  danger  of  this,  lu 
luuirc  was  maftnlflccni  and  assured.  As  tCTipccts  the  Individual  ownert, 
|[mit  M  had  been  their  profits  to  d<>le  from  securing  control  of  this  for- 
merly banknipt  property,  this  was  and  is  (ar  less  certain. 

34*  Tbe  instructive  feature  of  the  example  is  that  even  now  (1885), 
faiiliii,;  any  one  of  theM  lollouing  conditions,  ruin  or  serious  loss  of  all 
nttiit  Investors  in  tbc  stock  of  properly  would  be  near  at  band : 

I.  Tli«  Kxcd  cliarges  are  only  tiJS'  per  mile,  whereas  double  that 
figure  or  even  more  would  be  more  usual.  At  the  latter  figure  a  coni- 
lii]iition  of  many  causes  miglii  bring  the  net  earnings  below  it. 

I.  Tbe  rapid  l.ill  of  ratrn.  which  otherwise  would  have  extinguished 
the  turpluj^  W4S  met  by  imiK>r1ant  improvements  of  the  main-line  grades, 
and  by  tbe  introduction  of  more  powerful  locomotives,  as  well  as  tty  the 
iwunl  economies  resulting  from  licavicr  iraHic,  so  elTeciually.  that  in  ilia 
tBtt  year  but  one  of  the  table  34  per  cent  more  freight  was  moved  with- 
ooi  any  iocresue  lA  engine  mileage. 

J.  The  revulsion  occurred  at  a  time  when  the  general  depression  ol 
Inuinesswas  not  marked,  when  the  Comjiany  was  not  embarmssed  by 
dCFXiire  obligations  for  new  constniction.  and  when  the  iiiliidf;  ort  in 
ualfic  and  revenue  was  in  no  respect  panic-like.  Oiberwiii;.  even  as 
sonnd  a  property  as  tills  had  proved  Itself  to  be.  had  it  entered  upon 
cnnsidcrable  eipciiditurc  for  new  consttuciion  or  improvement,  based 
un  a  standard  conforming  to  the  present  large  earning  power  of  the  prop- 
erty oi  «  u'Ai</>' in^icad  of  the  probable  CArning  power  of  the  additions. 
•epiLratcly  considered,  might  well  have  found  itself  again  a  bankrupt. 

30.  Thai  such  contingencies  and  fluctuations  are  not  excep- 
Itonal,  is  Indicated  by  ilie  aggref^aies  of  railway  foreclosures, 
•hnwn  in  Table  5,  which  in  1885  rose  to  the  agigregate  of  3880 
(nilca  will)  $139,658,000  in  bonds  ($48,500  per  mile)  and  $130,- 
090,000  in  stock  ($41,700  per  mile)  or  $:6!i,3i3,oDo  in  all  ($93,136 
per  raile)  the  bonds  alone  prottably  rcprescnling,  as  is  so  com* 
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Table  o. 
Railway  Foreclosures. 


Y»*». 

MUn. 

Cipiial  Slock. 
1  =  looo. 

Funded  Debt.  |  Floallns  Debt. 
1  =  1000.        1        T  —  two. 

ToUl. 

1  =    looo^ 

a. 617 

668 

1. 190 

714 
a.SSo 

151,178 
20,751 
24-588 
12.894 

120,090 

■-'--- — ^ 

$76,645 
33.999 
38. 198 
13,061 

139658 

($10,000?) 

10,074 

2,482 

433 

8,465 

$>37.9*3 

54,834 

65,368 

26.378 

368,313 

I8B5 

Total,  5  yrs... 

8,069 

$329,601 

$391,561 

$31,444 

$552,606 

$28,455 

$36,135 

$3,897 

$68,487 

Per  mile,  1883 

$41-697 

$48,499 

$2,940 

$93,136 

The  above  is  compiled  from  "  Poor's  Manual,"  1886.  Il  is  unquestiotiablj  full  of  ermn, 
but  no  authentic  or  complete  figures  eiist.  The  general  fad  that  the  Ijonds  and  stocks 
of  bankrupt  lines  tun  a  good  deal  higher  than  those  for  solvent  lines  is  clear,  as  the  most 
serious  errors  are  probably  in  the  earlier  years. 

The  Commtrciat  and  Financial  Chranicle.  in  its  October,  1884.  Itivisterf  Suppli- 
menl  presented  a  valuable  table  shc)wing  the  railway  companies  now  in  default  on  pajr* 
ment  of  interest  on  bands.  Only  railways  in  the  United  States  are  included,  Ueiicao 
and  Canadian  lines  Iwing  omitted,  and  only  the  particular  issues  of  bonds  are  taken  OD 
which  default  is  made,  althouf^h  the  mileage  given  includes  alt  operated  by  the  defaultirip 
comp,inies.  The  table  includes  all  companies  defauhing  during  the  period  covered,  which 
had  not  resumed  payment  in  full,  and  which  had  not  been  foreclosed  and  reorganized. 
The  totals  are  summed  up  in  the  following  table,  in  which  comparison  is  made  with  the 
defaults  of  1873-76 : 


Mileige. 

Amount  of 
Bonds. 

15.986 

131.592 

1^.14 

$3'5. 283.000 
3,455.040,283 

0.  13 

Entire  railroad  system  o(  U.  S. ,  Jan.  t,  18S4 

74.096 

$783,967-665 

3,175,000,000 

36,04 

Increase  in  mileage  and  bonds  during  five  yean  pre- 

39,818 
31,333 

$1,157,249,467 
•636,960,000 

Incrcase  in  mileage  and  bonds  during  five  years  pre- 

*  Estimated  at  $30,000  per  mik. 
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The  whole  number  of  coEDpanies  in  default  in  18&4  Tax  onlj  43,  against  197  in  (he 
fonrter  pniod.  Id  the  former  period  of  defaults,  about  30  cotnpSDies  out  of  tbe  total  197 
llul  were  etnbarrassed  were  old  railroads  that  were  well  established  and  onix  had  a  pay- 
ing bosinesL  In  the  later  period,  out  of  4>  companirs  named  in  the  table,  none  can  be 
fairly  laid  to  have  had  a  well-stablished  and  paying  business  on  the  basis  of  their  present 
liHs  and  existing  liabilities,  unleu  such  companies  as  Erie,  Wabash,  and  Reading  be 
dasied  in  that  cat^orj. 

On  British  railways,  which  are  subject  to  far  fewer  vidssitudes  than  those  of  tbe  United 
States,  the  average  dividend  of  4M  per  cent  is  divided  ^proximately  as  loilows, — United 
'  Slates  statistics  from  the  census  of  1880  being  added  for  comparison  : 


td  SIMlt. 

Brilitk. 

is.a    1 

16. 1  per 

cent 

payi 

, 

no  divid^ds. 

1.0  " 

" 

under  1  pet 

cent 

lO-a 

4.9  ■■ 

•• 

3  " 

»■» 

3.3  •■ 

" 

3  " 

3-" 

7-3  " 

" 

4   " 

>S 

'3  4  " 

II 

,■!    " 

5-7 

ai.7  " 

II 

6  " 

6.S 

aao  " 

II 

7   " 

t-s 

1.0  " 

II 

8  •' 

7-4 

0,4  " 

" 

9  '• 

3-4 

a6  " 

II 

10  " 

3-9 

» 

about 

IS   " 

While  exact  figures  on  which  to  liase  a  judgment  are  not  available.  It  is  not  probable 
that  more  than  one  fourth  of  the  existing  mileage  oi  the  United  States  has  escaped  fore- 
closure proceedings  or  default  on  tionds  necessitating  a  receivership.  Many  roads  which 
are  now  among  the  strongest  properties  have  been  through  such  difficulties  several  times 
in  their  earlier  history:  while,  on  the  other  hand,  many  others,  like  the  Denver  &  Rio 
Grande.  Philadelphia  &  Reading,  and  other  strong  properties  whose  future  seemed 
■tfvred,  have  bren  overtaJtcn  by  disasters  resulting  in  great  part  from  the  intojcication  of 
long-continued  sua:ess.  So  that  the  properties  are  few  indeed — and  those  mainly  the 
ones  which  build  no  new  lines — of  which  it  can  be  predicted  with  any  certainty  thai  they 
Bi*y  not  become  iuolvcnt  in  the  next  period  of  serious  depression. 


Table  6. 
EsTiMATs  OF  FtJTUM  Railwav  Construction  in  thr  United  States. 

{Prtpared  by  Sdward  Atkinsoa,  of  Maisacbufetts,  for  variou  groups  of  States  u  descritted 

DP  next  paj;e.1 


GnoDF  or  Statk*. 

MileaiTF  Biill 

needed  from 

Jan.  I.  \fA\. 

19  yean. 

Milean  built 

from  Jan,  1, 

iSSi.  In  Jan.. 

iSB;. 

4  years. 

Per  cent 

total  estimate 
bulli  in 
4  yea™. 

Milcairc  si  ill 
needed  before 

A.D.     I^QQ. 

15  years. 

Class  I 

36.136 

27.199 
34472 

g,65i 
9.SS8 

8.597 
5.282 
8.351 
2,893 
5.857 

24 
>9l 

^4 
30 

59 

27.639 
21.917 
Z6,i2t 

6.759 
4.031 

Class  in 

"7.447 

30,980 

26.3 

86,467 
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nionl]r  the  case,  som«wh,it  morv  than  the  actual  loul  expendi- 
ture to  crciite  the  entire  properly.  This  amounts  lo  nearly  three 
per  cent  of  the  mileage,  and  over  four  per  ceni  of  the  capiializcd 
cost  of  the  entire  railway  system  of  ihc  country,  and  that  too  in 
a  year  which  was  in  no  respect  a  particularly  bad  one  finan- 
cially, as  will  be  seen  from  Table  5,  which  gives  similar  figures 
for  severiil  yewrs  back, 

36.  The  fact,  illustrated  by  the  history  just  given  of  a  road 
iti  the  far  West,  that  the  intoxication  of  realized  sticcess  will 
lead  even  prosperous  companies  to  assume  dangerous  and  reel:- 
less  liabilities,  becomes  especially  important  in  view  of  the  fact 
that  in  the  future  a  large  portion  of  the  new  mileage  will  he 
constructed  by  such  lines.  A  carefully  studied  forccitst  of  the 
probable  mileage  to  be  constructed,  by  Mr.  Edward  Atkinson, 
made  in  1S81,  and  confirmed  as  a  moderate  and  cautious  esti- 
mate which  will  almost  certainly  be  cxtxedcd  by  experience  up 
to  18S5,  brings  out  this  fact  clearly,  in  addition  to  having  an  in- 
terest of  its  own,  and  is  given  in  Table  6. 

DrscBinicw  or  GRolrpi,  Taki.r  lit 

QaH  I.  mubla apprf limntrly  nf  t)i«  ii  SUIi!*  l)rin|;  in  won  Ibc  irrc^Lir  peaUCOD 
natlud  out  hf  Bonon.  Npw  York.  St.  [>n]li.  IjiUKrllk.  Wuhlni^ciD — csiinutnt  lo  hava 
hy  raau  luti  mi'if  e/  ruiluiay  fier  4  !-/itjrt  mlUi,  ai  now  In  Maikuhuiclti. 

Clan  II.  umbui  ol  the  10  SutH  lying  JninHiIUtcIy  10  Ihr  nurUi.  wtau  and  louth  of 
Clasa  I..  Mntchin);  iliiwii  Ih'  All.uili<;  cuut  lo  rioriili.  Mlinialod  to  Iiam  by  1900  n«r 
milt  fir  8  s-f.  miSti.  or  halt  iif  Claw  I, 

Clus.  ni.  includFi  II  Suia  in  Ihc  )u  Wtsi  and  South,  with  ra«  mlltftr  t6  ly. 
milti.  lit  ItuI!  of  Clflii  II. 

Cku«  IV.  Includoi  Ihc  5  Suta  ol  MAine.  Nrvada.  Colorado,  Ortcon.  and  CalKoniia, 
with  nn  mtlt  ptt  ja  if.  mitii,  or  half  of  Clan  III. 

ClBH  V.  tofuliu  of  Fhniila,  Dakula,  and  7  other  Tcrrltorks.  with  Bmt  milt  ftf  6(  t^. 
milti- 

Toul  United  SlAUi  mllew  ulicn  minute  •»>  |]rp|>.-iieil.  91. pS;  oiimalHl  MUl, 
1900,  aD9.»sninc«.  Thi*  otlnuuc  aaaumn  an  annacB  lulun  cMMruiilion  lor  the  ij 
Tcvtalw  twjof  s,;6i  milM  ai[»iiui  an  atcracv  uf  7.  MS  milaa  pvr  jaai  (or  ih«  pnvioua 
4  jMn.    ThcoMinuAaualnioct  oertain(obeUre«lx«xoeed«d. 

Tasi-e  7. 
pROcanc  AKD  ExTrjiT  or  tiik  Railway  Sv^tkh  or  tki  Wokld. 

IReviKil  ftom  Muthatl't  "  Diclinnarr  o(  SutlUiCi."} 


MlUA  Opul 

Con  {mllllont.  %\. 

IftW 

IMO 

IMO 

ISM 

ISM 

ISM 

ISM 

isto 

ISM 

UnllnlSlUM... 

llBiied  Kintdoa 
faniila,  dc  -  - . . . 

M 

<,«*i 
■.111 

■i.Sii 

>i>Mr 

Mill 

i.iM 

■■«•» 

l.JJO 
■4» 

1*J0 

•At* 

*-it> 

>4.*4*        Av^tll 

*.;)• 

Kh.fl^          ,Bai* 
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Table  a. 
Railways  of  thb  World,  January  i,  1884. 

[Fna  Prol.  A.  T.  Hadley's  "  Railroad  TiMsponation.  iu  Hiatonr  and  iu  Lam.") 


Hilea. 

Cipilal  InveHcd. 

Per  Mile- 

140,000 

114,000 

11,60a 

3,400 
6,500 

$8,400,000,000 

16,110.000.000 

775,000,000 

240,000,000 

325.000,000 

$60,000 
115,000 
66,000 

70,000 
50.000 

275.500 

$35,850,000,000 

$72,200 

Percent 

Mile*  dI 

Mlln  or 

Lenglh. 

Incrcaic 

Road 

Road  10 

Jan,  1,  1884. 

ia 

10  100 

lo,<xx> 

jTeara 

■q.  miles. 

inliab. 

23,300 

8 

19.6 

4.9 

18,600 

5 

i5-a 

5-3 

18.500 

18 

9.0 

4-9 

15.700 

7 

o.S 

1. 9 

12,800 

13 

5-3 

3-4 

5.900 

13 

S-i 

z.o 

5,100 

16 

3.6 

3.0 

4.000 

14 

3.3 

8-7 

2, 600 

6 

23.2 

4.8 

10,500 

lO 

0.7 

0.4 

130,000 

43 

3-4 

23.5 

Cost 

P*' 

mile. 
Dollar), 


Germany 

Gicac  Britain  and  Ireland. 

France 

Russia 

Austria  and  Hungary 

Italy 

Spain 

Sweden 

Belgium 

British  India 

United  States 


105.000 

304,000 

138,000 

80,000 

105.000 

93.000 

78.000 

30.000 

132.000 

66,000 

61,000 


Cennany  

Gteai  Briialn. 

France 

Russia 

Atulria 

Italy 

Spain 

Sweden 

Be1)nuni 

Bi>ii<h  India. 
United  Stalei 


1882 
1882 
1881 
1881 
iB83 
1S81 
1880 
tBSi 
1S81 
1883 
1BS3 


Bquipmcnt  per  m  miles- 


Locom.     Pa4s.  can.    Frtiitbt. 


5" 
76 
46 
40 
30 
39 

26 

16 
73 
a* 

33 


95 
332 
los 

50 

63 

88 
77 
36 
"39 
6S 
31 


i.oSi 
3.39S 
1.307 

775 
716 
510 
463 
401 
1,840 
436 
663 


Pais, 

Mrtvcd 
(Mini  am). 


324 

65s 

I  Bo 

33 

47 

34 

>S 

7 

57 

6S 

313 


Tom 
Moved 

(MllllDlK). 


198 
39 1 

93 

14 

70 

II 

9 

S 

37 

'9 

400 


Coanpvwn  with  Table  10  and  others  will  ahow  that  there  is  considerable  uDcenaintj' 
Id  tbeK  fip"*^  't  >l>otild  be  remembered  that  American  rolling-stock  is  much  heavier 
and  lai^ET  than  forrign,  and  that  the  aTerage  distance  over  which  each  pusenger  or  (on  is 
noicd  is  lar  ^aalaa. 
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Table  9. 

Progress  of  American  Railway  Construction  by  Groups  of  States, 

AND  Of  Foreign  Railway  Construction. 


ISH 

IBM 

1»«0 

1S6S 

ib;o 

ISTS 

ISM 

isst 

2.807 

1,3JD 
90 

J1469 

614 
3.=94 

4.173 

394 

40 
B 

3,660 
S.841 

S6s 
5,... 
3.7'6 
8,684 

3,38a 

}4S 

'3 

3.B34 

7.S9* 
5,3  iS 

3.*" 

9,646 

3,«l 

J03 
>13 

4,494 
9-709 
1.3S2 

6fl94 
i.'lS 

13. '77 

9,  SO* 

'■S>1 
'.934 

S.63B 
13.639 
1.816 
7.047 
6.t40 
16.879 

1 4.903 

3.9" 

3,968 

5,977 
.3,«Sl 

1,00s 
J.803 

7,ODfl 

•'.»«4 

»»,>S9 

6.S8) 
),886 

6,310 
'*.97) 

lT,1t7 
9.*7! 
17,101 

S'.SW 

'3,734 
9flM 

N'fw  Vorli,  New  Jemy,  Penm. . 

Delaware,  Marylaad,  W.  Virginia 

Vireiola,  N.  Ca..  !>.  Ca.,  Ga.,  Fla. 

Alabama.  Min.,  La.,  Teno.,  Ky,. 

Ohio.  Michigan,  lodians,  Illinoii. 

WiHoaiin.    MiODC«ota,    Dakota. 
Lawa,  Nebraoka.  Kan..  Mo,... 

Indian  Ter.,  Arkaniai.  Teiai.Col. 

orado,  WyomiaR,  Montana. .... 

P«iSc  Suiti  ind  Terriiorie) 

9.«i 

18,374 

30,63  s 

SS,o»S 

S',9'4 

74.09* 

93,349 

138,967 

The  above  was  computed  from  the  tables  m  various  issues  of  "  Poor's  Manual,"  vhich 
also  gives  data  [or  Ihe  loUowing  tables,  currecled  yearly. 

FoREKirf  Countries, 


1S«U 

1M& 

ISGU 

IgSG 

ISSO 

ISM 

ISIO 

1S7S 

1S80 

IS84 

18S9 

End  of 
ISM 

Great  Briiam. 

838 

171 

3<0 

',53* 
5S' 

l.4'9 

6,631 

1,879 

3.747 

3a 

8-33S 
3.459 
S,138 

ItTiG 

io,433 
5,900 

7.at3 
'.•73 

13.38, 
8.477 
9.'o5 
1.33' 

■S.S3) 
10.504 
13,136 

3,«79 

t*.6;B 
".339 
17,3'7 

4. aw 

17.933 
14.839 
30.900 
6,  as? 

iB,B]i 
'9.343 
33,813 
9.57' 

19,910 

31.919 
3S.3'3 

33,S70 

Total  Mileage  of  Railway  Constructed  and  in  Operation  in  the  United 
States,  for  each  Yfjir  from  the  Reginninc  of  Railwav  Construction, 


ISSO. 

1S40. 
IBM. 
ISM. 
tSIO. 

ISM. 


'3 

3,818 
9,011 
30,636 

S3.933 
93.396 


9S 

3,S3i 

10,983 

)i,3B6 

60,193 

■03, "43 


139 

4,036 

13.908 

33,130 

66,17 

114.711 


3S0 
4,185 
15,360 
33, '70 
70,168 
"1.455 


633 
4,377 

i6.7»o 
33,908 
73.385 
135,379 


.,098 
4,633 

'8,374 
3J,0«S 

74.09* 
ii8,3«3 


',>73 
4,930 

1B,0]6 
36,801 
76,808 
136,400 


1,497 
5,598 
34.503 
39.350 
79,088 
149,179 


s 


1,913 

5,99* 
16.9*8 
4i,"9 

81,767 
156,304 


1,301 

7J«J 
38.7»9 

46.844 
86,584 

i6l.J9» 


ANNUAL   INCREASE. 


ISIO. 
1S40. 
ISdO. 
ISSO. 
ISiO. 
1S80 


5'* 

1,656 
1,«37 

6,078 

6,713 


73 

717 

1,961 

660 

7.379 

9,847 


'34 

49' 

1.916 

831 

5.878 

'1,569 


'5' 
'59 
1,45" 
1,050 
4.097 
*,743 


'53 

191 
1,360 

738 
3.117 
3.9'4 


465 

3J6 

1I654 
'.177 
1,?11 
1.984 


175 

"97 
3,64" 

1.71* 
1,711 
8.0J7 


134 

668 
1.487 
',449 
3,180 
13,879 


416 
39a 
1,465 
3.979 
3,679 
6.91s 


1»9 
'.3*9 

1,831 

*.*'J 
4.817 
5,193 
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Table  10. 

UiLfACE,  Cost,  etc..  of    Eukop&an    Railways,   with   Total   Cost   of 
Construction  and  Average  Cost  per  Mile. 

[KcuiaDKtd  and  rccompuUd  Irom  tbc  Rrvu4  GiniraU  da  CinKim  dr  Fir.  i$e6.] 


Couirrar. 


Unito]  KiBgdoB. . 


Bdl^DB. 

France...--  -.-.- 
Gcraunj 

Aonro-H  anj^uy . 


Sviunlaad . 

Spain 

nnugal--.. 

Kiuiia  

luly 

HuLiand  .... 
SKcdn 
Dtnoart . .. 
NufBiy 


Gin  MANY   LH   DITAEL'— 

Pruuu-  ----..  --  

Bararia. - -.-.. 

Salary       -..--- 

WunemburK'^.'-'- 

Badto     

Arnct-LomitK 

Olher  Occmao  SulC*  ... 


TduL  Gciinany 


Mm  ok  Et'HoriAM  Countrie 
Bointa  and  Kcrticgovlpa.--- 

Bulnna 

Finfind 

Gf««ce     - - 

LiuFmbunE--.-.-  ----  ...... 

Roaoanb - 

Tarkej - .  .......  .  -  - . 


Mllei, 
1B83-S. 


iS,S64 


■.SBs 
■  6.s?8 

11.60} 


'.J9S 
4.SS° 

T4-9>6 
i.87' 
.,406 
3i9Ti 

9JO 


11,636 
i,8j3 


3.096 


Kiloa. 
37° 

1,181 

97 

3M 

'•$"3 

'.■7J 


Cosi. 
MilLioDi. 


•3.895.10 


33445 

3.9)J-9D 

>,243-4a 
1,779. Sc 


iB4-«g 
441-16 
9a  ri 
1,363.30 
554.50 
"7-34 
59  34' 
37. «> 
3].5" 

tl3t90I .  19 

•.309  4D 
.68-39 
'49  35 
110-9S 
99  TO 

310.61 


3,348.40 


4.83;   liome  3J1I10  milH). 


Av.  Com 

PcrMi)e- 


•«i6,490 


177  ■4» 

1341640 
103,310 

101.550 


103,000 

9J.300 

97.'™ 
97.  "68 
94.448 
90.9 1 8 
41.563 
39,961 
34.54B 


(131,300 

103.630 
94. 7=8 
mi. 1 50 
11J.14D 
lli.BSa 

100,328 


^^^^^' 


■.Ky. 


\EBg....      4.4 

Scot...    ,0.3 
I  Ire 13.0 

6.5 

.  4.S 
11.1 

I  Aua  ...   14 . 7 
I  Huas, .  34  0 

ia.8 

37  9 

130-s 

18  5 

97 

4'-7 
13.0 
nj-o 


3'-9 

10.9 

94 
4'1 
84 
TO 


87. c 
'79  o 
196  o 

ISOD.Q 

4  4 
S3  9 
lll.S 


Percent 
lacreaae, 
One  Vur. 


».o) 

1,J9 

9. 01 
1-91 

a.lj 
s.oj 

'a 
3.1a 

5.7a 
4.86 
3 »' 

1  .T3 

I. So 
'97 


307 

"I 

1.76 

a.  36 
1.34 

'n 

1.96 


1.07 


5- '4 

'4  55 

3-»I 

I4J  OS 

0.97 
S.73 

7S4 


*  TlierT  1*  an  ciror  in  this  sum,  which  ihoald  be  about  |ioa,oDa,aao  gicater — 150.66. 

The  Usi  three  colunuis  are  taheo  (converting  metric  into  English  units)  from  the 
Staluyiit  da  Ckmins  dt  Ftr  de  I'Eurepe,  iSSi.     Vienna,  1885. 

Accotdlag  to  other,  and  perhaps  more  authentic  Geures,  the  railways  ol  Great  Britaio 
have  cost  $305,843  per  mile  of  road  ;  the  Belgian  State  Railways,  $133,986 ;  for  Ihe  French 
railvijs,  $114,643 ;  for  the  German  State  Railvays,  $105,304 ;  the  German  private  roads, 
$71,877 :  the  Auitro-Hungariaii  roads.  $104,430,  The  cheapest  system  of  Europe  is  Ihe 
Stale  Railways  of  Finland.  $30,101;  the  other  Russian  railways  stand  at  $81,144,  agaitut 
S(i].i50  per  mile  for  the  railvays  of  the  United  States. 

Tbe  whole  coat  of  therailwaysof  theworltl  has  been  more  than  $34,1x10,000,000,  which, 
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huwrvn,  it  only  alHiiit  %n  iirt  Inhkliiunl.  In  Ihi*  miintry  Ihr  cip«sdiiurc  bu  Imkb 
aiicAti  Sl.UT*'  iiih»biunl."iii  Gftal  Ittlialn.  Sioj  ;  uiGcrmaBj.  $47.  In  Frincc,  %$■};  ia 
Au>tri*-Hun|[>rT,  S.l);  in  luly.  S19;  in  Belgium,  t^i ;  ill  Sweden,  S15;  in  Spain.  (19: 
In  Rutib.  (14;  iti  CauuU,  )s^ 

la  Fraot*  and  Gcmunir  nllvrar*  P*r  »twut  5  pet  («nl  on  Ihe  capiUJ  iDvoted.  u  an 
**enct;  in  Great  Brluln,  4(9  4Vf ;  in  ail  Europe  and  In  the  L'nitMl  Sulci,  aboul  4  pw 
cnt, 

Table  It. 

ExmxKit  FlUCTVATioin  ik  Pskk  o»  tiik  SrorKs  of  VAstotis  Com^akiu 
OF  Great  Satukal  Stkenotr. 

Tlie  lownt  |<ninu  in  timn  «(  ilrprawion  (lUninKUi^hed  by  an  I)  ■«<!  Ill*  hichefl  prin 
in  limB  uf  acitvii;  (dwitnKuitihtil  bjr  ao  h)  are  alone  nuttd.  nc«pi  that  10  ibt  U>i  rolumn 
U  cl''*^  'tie  pTl«  in  Nincmber,  iSWi.  The  Ijk  hoi  been  Klecied  alnuMl  al  rasdoD, 
I«K>n]lm  n£  ttirii  actual  firundal  italut,  U>  incliulit  Ilir  nu<i(  piuniinrnt  cnin|ianlis  ■bich. 
tfom  the  nature  ■>f  Ihdr  Uaffic  oi  olhn  UnlrKir  adTanla^m.  mif^l  naluraUr  be  nptotd 
10  ba  (ai  (or  (be  man  put  {bey  are)  leaii  iiib)ett  lo  erntic  flunuMlont  ol  value. 


CoMtABT. 


isra.   is».  luo.   lui.  iiu.   lu).  iiM.  IMS.  nil. 


New  Votli  Cintnl. 

grie  ...  -.    

Pcnasylvinla.  ... 

BiUJmerc  A  Oblo 

C'filn^J  ^i  Kcw  Jcnry,.. 

Iki^inn  A  Albany. 

t^kr  Shore 

MifihLif^n  CcTiUal 

t^n.nflfto. 

'riiuhurc*  I'l.Wjyne., 

Oiicui>  A  .M[0n      .,... 

Ol  H  B(iflErii:(<4n  AO..  ... 

Ch,  M.l«,  ASlP 

Ch,  A  S  Wmetn, 

ai.^«ii  1(1. «  r 

Ill.tcninl  .... 
AKhiHo.Topcka  Jt  Sl  F. 
DenTrra  Rio  (imnde.... 
Ceninl  I^Oftc 

l^ninll    Pacific    

1.,CFiilftf]Ui:  A  NmhT... ,  .  . 
Nf  w  \'nik.  \'.  H.  A  Hani- 
No.  Pacific. 


Tke  above  ntnniM  an  la  mkny  cum  brODghi  about  (emporarily  only  by  the  machi- 
OBiiona  or  ipeculaiois.  In  manr  c*MB  penMiMot  chancea  in  the  nature  o[  itie  tomrany 
have  abo  had  treat  Inlluen!^  On  Ihr  other  hand.  Ihnw  flucliultoRi  o{  atixli  are  Ixt  Icm 
than  the  lluctualioni  in  Iha  productlvenes  /o(  the  Iinw  beine  nl  Ihe  pnipenie*  lepn^nttd 
hf  ibma,  (or  the  pncc  of  a  Mnck — ntclectini;  the  mere  monieniaty  lluctualions  ol  a  ten 
poinls  (oi«*d  for  the  lake  ol  a  "turn"— ii,  ai  ihe  moil,  nierely  thin:  ft  ii  the  ipemlotort' 
(•llmale  of  what  prrmaMSI  iDTcnon  (eel  It'r  Ihe  limr  bring;  to  b*  the  rcllllll^K9(T  avkR- 
taj.  value  of  Ihe  slock.  Fot  U>rn>  are  alwayi  Urie  balden  kIio  knrp  m  mind  the  averaf^ 
value  at  Ibe  propeny  duriai*  cood  tima*  and  bid  lime*  alike,  and  who  will  buy  01  lell  la 
quantllirt  luiE*  mcuKh  to  Immedtatelj'  affect  the  price  if  tk (Y  thirk  il  i*  lallint  betow 
Ihe  ptweot  vonh  of  iu  lutun  chasni,  all  untsnalntk*  lacluded. 


chaf.  ij.—the  modern  railway  corporation.     47 

Table  12. 
RoLUNC  Stock  Per.  Milk  in  the  United  States  and  British  Colonies. 


Naui  or  Railway. 


Kcw  England  Slates,  1883 

Middle  Suies,  1883 

SoDlhern  Stalci.  1883 

Wwwra  Sutes.  1883 

Pacific  States,  1883 

Canadiui  Pacific.  1885 

lotetcoloaialof  Can. .Halifax  to  Quebec,  i 

Ind  isn,  j  (ect  6  inches  gauge 

India.  roetTC  gauge,  18S4 

CeTlon  Government.  1883 

Uuiriiins  GovcrnmenE,  18S4 

QDFcnsland  Govemment,  1882 

New  South  Wales  Government,  18S1 

Victorian  Government,  1883 

Somh  Australia  Governmeni.  1881 

Mew  Zealand  Government,  1883 

Tbe  Cape  Government,  tSS2 

Average  of  totals  


Per  1DD  MLIcB  of  Railway  OpvD. 


Loco- 

Pancnccr 

Fniebt 

moiivn. 

Cars. 

Cart 

18.76 

46.31 

635.9 

41-93 

45-34 

I7U-5 

13.32 

12,06 

283.3 

16.23 

13- 74 

483-4 

9.63 

12.06 

191. 8 

10.9 

10. 1 

276.2' 

19.  a 

28.4 

513.3* 

37.3 

66. s 

;i2.2 

Z0.4 

69.3 

369,7 

31.8 

93-6 

296.1 

40.9 

131. 8 

500.5' 

7-9' 

II. 6 

113.8 

23.4 

S3-2 

487.1 

16.8 

33.6 

291.6 

13.6' 

22.1 

344-9 

15.0 

42-7 

453 -a 

33.4 

41,2 

374-8 

19.86 

33.89 

590.5 

^  Oa\j  partially  open  for  traffic.  *  Opened  about  1S76. 

*  FreiRbt  traffic  hwy  durioff  crop  seaion. 

*  Report  H^Ms.  "  We  bate  been  cjitTcmely  ahort  of  enjifinei  all  through  the  year." 

*  Report  BiaiCft  thai  qiorc  locomotivn  are  required. 

Condensed  from  a  paper  on  "The  Layitig-oui,  Constructioa,  and  Equipmeol  of  Kail- 
vayi  in  Ne«]y-Dcvdop«l  Countries."  by  James  Robert  Hosse,  H.  Inst.  C£.»  in  Trans- 
^iiams  ln$t  C.E.,  188&     5e«  also  Table  & 


CHAPTER   III. 

TOT    NATURE    AKD    CAUSES    CONNECTED     WITH     LOCATION     WHICH 
MODIFY   THE    VOLUME   OF    RAILWAY    REVENUE. 

37.  With  the  invention  of  the  railway  began  a  new  industry 
— the  MANUFACTURE  Of  TRANSPORTATION.  Transportation,  in- 
deed, existed  before  its  invention,  just  as  cotton  cloth  existed 
before  the  invention  of  modern  machinery,  but  it  was  in  each  case 
mainly  produced  on  a  small  scale  by  each  consumer  for  his  own 
use  and  his  immediate  neighbors'.  With  the  invention  of  the 
railway  first  began  the  manufacture  of  transportation  for  sale  ott 
a  large  scale  and  by  modern  processes, 

38.  A  railway  corporation  such  as  has  been  just  considered 
— the  typical  modern  corporation — exists  for  this  purpose.  It 
finds  itself,  on  completion  of  its  works,  in  possession  of  a  certain 
piece  of  improved  real  estate,  of  certain  buildings  and  fixed 
machinery  (the  track),  and  of  certain  tools  and  machines  (the 
rolling-stock)  tor  the  manufacture  of  its  commodities,  together 
with  certain  establishments  (the  locomotive  and  car  shops)  for 
the  maintenance  and  repairof  its  machine-tools,  which  the  extent 
of  its  business  requires.  In  many  instances  it  has  not  a  dollar's 
worth  of  ownership  interest  in  ail  this  costly  plant,  excepting  a 
portion  of  the  minor  machinery,  but  simply  controls  it  iii,  in  ef- 
fect, a  fixed  rental  (interest  and  other  fixed  charges).  All  that  it 
really  owns  is,  commonly,  a  portion  of  the  business  or  franchise  ; 
and  this  latter  has  likewise  been  hypothecated,  or  pledged,  in 
the  mortgage  bonds  as  security  for  the  payment  <if  its  rent 
charges.  As  this  business  has,  from  the  nature  of  railway  busi- 
ness, assurance  of  always  amounting  to  a  certain  minimum  m 
least,  this  franchise  alone  has  a  value  as  security  which  no  ordi- 
nary business  would  have,  and  in  a  rapidly  growing  country  its 
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existence  enables  all  or  nearly  all  of  the  actual  cost  of  the  entire 
premises  and  plant  to  be  borrowed,  or  rented,  from  others. 

Oa  the  premises  so  rented,  the  corporation  carries  on,  for  its 
own  benefit,  the  business  of  manufacturing  and  selling  transpor- 
tation, so  to  speak,  at  wholesale  and  retail,  in  lots  to  suit  the 
purchasers.  Since  it  owns  the  business  only,  and  has,  as  a  cor- 
porate body,  no  interest  or  ownership  in  the  property  itself,  it 
will  be  clear,  and  should  be  fully  realized,  that  all  its  interests 
are  limited  to  the  narrow  debatable  ground  which  lies  between 
doing  the  best  possible  and  doing  the  worst  possible  with  the 
property  in  hand,  which  is  in  all  ordinary  cases  simply  lent  to 
ibem  for  an  annual  consideration. 

39,  Now,  continuing  the  parallel,  which  will  perhaps  help  to 
enforce  the  truths  required,  and  referring  only  to  sales  of  trans* 
portation,  ur  revenue  :  if  a  manufacturing  company  in  such  cir- 
cumstances should,  in  planning  its  works,  so  plan  them  as  to  cut 
itaclf  ofi  from  disposingof  certain  lines  of  goods  which  it  manu< 
lactures.  or  should  place  its  retailing  establishments  (stations)  at 
inconvenient  points,  it  is  clear  that  it  would  have  seriously  hand- 
icapped itself,  even  if,  perchance,  justifiably.  This  a  railway 
company  does  when,  by  failing  to  run  close  to  any  accessible 
(owns,  it  is  prevented  from  furnishing  them  with  transportation, 
or  is  so  far  away  that  sales  are  inconvenient.  If  it  strives  to 
shorten  its  line  it  is,  for  certain  parts  of  its  traffic,  trying  to  sell 
Xf^s  yards  of  its  goods,  at  a  certain  ^ncc pfr yard,  in  order  to  save 
the  cost  of  its  manufacture  ;  forgetting  that  by  the  same  act  it 
also  loses  the  selling  price  and  hence  the  profit  on  them.  If,  on 
the  contrary,  it  builds  an  over-long,  or  crooked,  or  otherwise 
objectionable  line,  it  is  in  effect  fitting  itself  to  produce  only  an 
inferior  article,  which  will  command  a  lower  price. 

40.  The  force  of  this  parallel  is  still  further  and  greatly 
strengthened  if  we  remember  that,  with  much  that  is  similar, 
there  is.  in  one  respect,  a  momentous  and  broad  distinction 
between  the  seller  of  transportation  and  the  seller  of  most  other 
commodities.  The  production  or  partial  production  of  trans- 
portation is.  from  the  necessity  of  the  business,  considerably  in 

4 
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excess  of  the  amount  sold,  and  its  cost  bears  a  very  irrc|fulaf 
ratio  thereto.  Every  time,  (or  example,  a  passenger  train  starts 
out,  iltcrc  is  "manufiictured,"  so  to  speak,  several  hundred  pas- 
senger trips.  If  ihey  be  not  sold, they  cannot  be  stored  away  ort 
the  shelf  Eor  the  next  day's  trade,  like  Die  remnunts  of  a  lot  of 
dry-goods.  They  are  simply  wasted  and  thrown  awity.  It  is 
witli  the  r^iilway  much  as  il  tradesmen  were  compelled  to  cut  a 
new  piece  of  each  kiri^l  of  goods  each  day  and  then  throw  sway 
the  part  remaining  unsold  each  night.  We  should  probably 
under  such  circumstances  observe  a  conspicuously  greater  zeal 
even  than  now  exists  for  regulating  and  increasing  sales,  so  as 
tu  sell  the  whole  of  every  piece  of  goods ;  whatever  price  the 
remnants  might  bring  being  so  much  clear  gain. 

41>  To  a  greater  or  less  degree,  hut  always  tu  n  very  impor- 
tant degree,  the  conditions  here  suggested  exist  with  respect  to 
every  part  and  kind  o(  railway  iraHic.  We  sec,  therefore,  how 
vital  und  peculiar  is  the  interest  of  railways  in  neglecting  no 
consideration  which  by  ever  so  little  affccis  its  revenue.  It  is 
on  slight  differences  of  traffic  and  revenue  that  the  corporation 
grows  rich  or  poor. 

Granting,  therefore,  that  no  probable  e0cct  upon  traffic  and 
Kvenue  which  may  or  can  occur  from  the  decisions  reached  in 
the  original  location  should  lie  neglected,  it  will  he  obvious,  as 
already  hinted,  that  such  effects  are  possible  from  any  one  of  the 
following  causes: 

«.  I.  The  Length  op  the  Line. — Even  slight  variations 
therein  are  very  certain  to  affect  the  revenue,  as  well  as  the 
expenses  ;  because  ail  local  rate's,  except  by  special  contract,  are 
nominally  fixed  by  the  mile,  and  all  through  rates  (those  shared 
in  by  two  or  more  companies)  are.  without  exception,  divided' 
according  to  distance  hauled,  although  not  oecessanly  in  cxao 
ratio  thereto. 

Up  to  a  certain  point,  therefore,  varying  in  almost  every  case, 
the  gross  revenue  certainly,  and  the  net  revenue  frequently,  will 
be  increased  by  a  longer  line,  as  well  as  the  operating  expenses. 
Bui  if  the  process  be  carried  too  far,  the  traffic  will  be  overbur- 
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dened,  discoaragcd,  snd  decreased.  The  questions  thus  raised 
<ritl  be  separately  discussed  in  Chapter  VII.,  on  Disl^nce.  It  is 
i  one  of  cxircmc  imporiancc. 

Such  effects  on  revenue  may  also  occur  from — 

1.    The    COUPARATIVE     WEIGHT     ALLOWED    TO     SECURING     WAV 

rxAFflC.  (he  quantity  which  may  be  expected,  and  the  sacrifices 
Khich  may  or  must  be  made  to  reach  certain  additional  trallic 
points.    Also, 

y  Allied  In  ilie  latter,  is  the  qiiesilon  of  how  near  to  kus 
TO  ernes,  towns,  and  other  sui;Rces  or  TKArnc,  which  arc 
I  alfctdy  upon  the  line,  and  how  much  the  irsiHc  and  revenue  « ill 
be  ihereby  affected. 

4.  Still  other  similar  questions  arise  in  connection  with 
BRAWCii  LiNes:  whether  to  build  a  branch  at  all,  or  take  the 
main  line  through  the  given  point ;  whether,  if  a  branch  be  de- 
'-  cided  on.  the  connection  should  be  made  at  this  or  that  point. 
tl»ere  being  often  much  choice,  and  the  decision  governed  by 
commercial  considerations  to  an  unusual  extent,  or  at  least  by 
Tery  different  laws  from  those  which  might  govern  the  Uying 
out  of  longer  lines,  owing  to  the  shortness  and  isolation  of  most 
branches. 

%.  All  of  these  questions  together  arise  on  a  grand  scale  in 
tile  laying  out  of  orkat  ^vstems  of  sailwav  at  once  or  in  the 
connection  of  a  numher  of  isolated  lines  into  a  single  system,  as 
happens  with  increasing  frequency  in  modern  limes, 

In  a  certain  sense,  indeed,  every  line,  even  nominally  inde- 
pendent, and  no  mailer  how  short,  is  a  part  not  only  of  one  but 
perhaps  of  several  great  systems  of  roads.  On  this  account,  and 
because  of  the  great  imparlance  of  the  questions  which  arise  in 
connection  with  the  laying  out  of  branch  lines  am)  systems,  a 
separate  chapter  (XXI.)  Is  devoted  hereafter  to — not  a  general 
.discussion,  for  that  is  impossible — biil  Co  Ihe  presentation  of 
certain  suggestions  intended  lo  illustrate  the  laws  w)iich  govern 
their  solution.  Much  of  the  chapter  referred  to  lias  likewise  a 
ilirett  bearing  on  the  remainder  of  this  chapter. 

43>  It  is  unfortunate  that  the  very  great  and  often  decisive 


52  CitAP.  III.—CAVSES  MODIFYING  VOLVM&  OF  fff.VENVK. 

effect  which  differences  of  localion  tnnr  have  upon  the  revrniie 
of  r^iilways  is  not  susceptible  of  more  exact  iinalysis,  for  it  is 
very  often.  In  properly  conducted  work,  a  consideration  of  »i«ch 
importuTice  a*  to  sink  differences  of  engineering  details  into 
insignificance.  The  most  that  can  be  done  is  to  lay  down  with 
all  possible  cure  the  general  principles  which  govern  this  effect, 
with  the  caution  thai  the  very  difficulty  o(  determining  txatily 
what  weigh!  should  be  given  to  it  creates  too  gieal  a  tendency 
to  neglect  it  altogether. 

44<  The  traffic  of  railways  is  often  spoken  and  thought  of 
as  for  the  most  part  a  monopoly.  In  a.  ccrtiiin  xensc.  of  a  cer- 
tain small  part  of  irs  trnffic,  this  is  true,  as  alreacly  noicd.  to  the 
extent  that  thereiit  a  certain  fraction  of  the  irafHc  of  all  railways 
which  no  folly  can  destroy  or  throw  away.  But  in  a  larger  sense, 
the  IrafRc  of  any  and  all  railways  is  only  to  a  very  limited  ex- 
tent a  monopoly  of  such  nature  th.it  to  secure  it  the  Company 
has  nothing  more  to  do  than  to  put  up  its  buildings,  and  station 
a  man  at  the  receipt  of  customs.  The  selling  of  transportion  is 
governed  to  a  very  large  extent,  whether  there  be  nominal  com- 
petition or  not,  by  the  same  laws  which  govern  the  selling  of 
any  other  commodity;  and  these  laws  require  that  the  railway 
company.  like  any  one  else  with  something  to  !tell.  shall  consult 
the  con%'enicnce,  and  even  sometimes  the  unrcason.ible  whims, 
of  the  buyer,  if  it  would  sell  its  goods  to  him. 

4S.  For  only  a  small  proportion  of  the  traffic  of  any  railway 
is  in  the  strict  sense  of  the  term  necessary  tr.iflic,  which  must 
come  to  it  anyway,  under  all  circumsiances.  The  amount  of 
such  traffic  is  measured,  when  a  railway  system  \%  first  coming 
into  existence,  by  the  stage-coach  travel  as  respects  passenger 
business,  and  by  the  carting  on  the  common  roads  a$  respects 
freight  business.  Under  the  stimulus  which  the  bare  existence 
of  any  kind  of  railway  facilities  gives  to  the  development  of  any 
country,  the  volume  of  this  strictly  necessary  travel  is  no  doubt 
increased  many-fold.  Ncvcrttieless  no  railway  is  so  prosperous 
and  so  favorably  situated  that  it  would  not,  in  literal  truth, 
surve  to  death  on  iL     The  traffic  would  be  so  very  greatly  de- 
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creased  that  on  most  lines  it  would  not  be  possible  to  run  the 
tniin&  av  all.  NcgtectinR  allogethcr  ihc  traffic  which,  as  respects 
anf  one  company,  is  not  necessary,  because  it  has  a  choice  of 
touiet,  and  one  line  hits  to  tight  lor  it  with  others,  a  very  iHTge 
proportion  of  the  buiiiies»  of  the  railwiiy  system  as  <i  whole  is 
made  up,  as  respects  passenger  business,  not  only  of  pleasure 
travel  pure  and  simple,  but  of  travel  which  is  more  or  less  a  mat- 
ter (if  whim  or  of  fancied  or  partial  necessity;  and  even  as  respects 
freight  business,  of  freight  which  will  not  be  slijpped  except  un- 
der reasonably  favorable  circumstances,  especially  by  any  one 
route,  or  shipped  only  at  a  lower  rate :  so  that  the  rates  must  be 
solely  fixed,  not  by  the  cost  of  the  service,  but  by  the  price  it 
wilt  bear  without  discouraging  IrafRc. 

46.  It  will  be  evident  therefore  that,  since  we  have  already 
Mm  the  vital  importance  to  railways  of  making  the  largest 
possible  sales  of  their  wares,  and  since  a  large  part  of  their 
&alesare  of  such  nature  that  they  may  be  easily  discouraged  and 
prevented,  any  failure  to  facilitate  iraflic  to  the  utmost  is  a  se* 
tinus  matter.  The  question  of  encouraging  or  discouraging 
traffic  by  the  facilities  oflercd  wtll  depend  in  the  main,  no  doubt, 
upon  (he  manner  of  operating  the  road  after  it  hiis  opened;  yet 
In  one  respect  ai  least  (postponing  for  the  present,  as  noted,  the 
discussion  of  the  first,  fourth,  and  lifth  considerations  above)  it 
li  possible  in  the  beginning  to  seriously  a«tr' >Vr«ti«cn//)' aflect 
the  future  traffic  of  the  iine :  vik.,  by  going  on  the  principle, 
which  has  often  been  followed  in  the  practice,  that "  If  the  raii^ 

WAV  IMJES  KOT   OO   TO    THE    TRAFFIC,  THF.    THAKFIC  WILl.   COME    TO 

THl  RAii.WAv."  This  iirgument  is  sometimes  gravely  advanced 
in  support  of  the  plea  that  it  is  of  no  particular  importance 
whether  the  line  pass  through  a  town  or  a  mile  or  two  off 
from  ii,  because  in  cither  case  the  line  will  get  "all  the  business 
ibere  is."  From  ihc  very  fact  that  there  is  a  grain  of  truth  in 
this  plea  lending  a  certain  support  to  that  cheapest  of  all 
ways  of  saving  money, — and  perhaps  saving  a  little  distance 
and  curvature  at  ihe  snme  time, — keeping  the  line  off  all  land 
which  is  worth  any  considerable  price,  it  is  important  that  it 
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should  be  fully  realized  why  it  is  a  dangerous  and  fallacious 
arg'iiment. 

47.  |[  is  purticularly  easy  lo  see  that  the  argument  is  both 
dangerous  and  fallacious  when  there  is,  or  is  liable  to  be,  com- 
PETiTtoK  for  the  traffic,  or  any  part  of  it,  as  may  be  said  lo  be 
ulwaysthe  casc.at  least  potentially, in  tlicl'nited  States.  Intliat 
case,  the  only  safe  rule  is,  that  any  considerable  difference  in  haul 
10  Ihe  station  or  in  any  oilier  convenience  to  the  public  will  al- 
most wholly  destroy  the  possibility  of  prolil  from  the  traffic  to  be 
competed  for,  even  if  a  portion  be  secured.  For  il  might  be 
proved  by  many  instances  that  it  requires  but  a  very  slight  dif- 
ference in  the  convenience  of  access  to  practically  destroy  all 
equality  of  competition.  Except  for  the  very  numerous  in> 
stances  of  entire  neglect  of  this  danger  it  would  hindly  seem 
necessary  to  speak  of  the  matter  at  all  ;  for  it  is  evident  that,  a» 
respects  freight  trafGc,  rates  must  In  the  lung-run  be  made 
equal,  not  simply  from  si:iiton  to  station,  but /riiM  ifie  door  of  Ikt 
tattsign&r  A>  tfu  de&r  of  the  (fftuignte :  in  other  words,  all  additional 
cost  for  cartage  or  switching  service,  and  something  more  as 
compensation  for  the  trouble  (usually  a  very  considerable  addi- 
tion), must  be  borne  by  the  railway  before  It  is  in  a  position  to 
compete  at  all.  As  respects  passenger  traffic,  to  a  certain  class 
ot  long-trip  travel  such  minor  differences  arc  of  less  impuriance. 
but  there  Is  a  considerable  fraction  even  of  long-trip  travel  on 
which  they  have  a  recognized  and  important  influence  ;  and  de- 
vices of  all  kinds — free  omnibuses,  more  or  less  open  concessions 
on  rates,  etc.,  etc. — are  required  to  counteract  what  may  have 
been  u  mere  oversight,  or  bit  of  indifferent  negligence,  in  the 
original  laying  out  of  the  line. 

48.  Let  us  imagine  an  instance  which  ha*  frequently  hap- 
pened already,  and  still  more  frequently  will  happen  :  A  num- 
ber of  good-siicd  towns,  ten  to  fifty  miles  apart,  served  by 
two  competing  lines;  one  of  them  coming  appreciably  nearer 
to  the  average  centre  of  population  than  the  other.  It  is  ahun- 
Uuntly  established  by  experience  that  m  such  a  c.isc  the  favored 
line  can  by  a  moderate  amount  of  efiort — which  may  be  counted 
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OB  with  some  cerUinty — not  simply  cripple,  but  almost  dcstroj-, 
its  rtval'it  luc>l  trallic.  Fur  "  to  him  that  liath  shall  t>c  given," 
«iih  short-haul  traffic  especially.  If  one  line  start  with  arty  ad- 
VMnrjgc,  that  very  fact  will  tend  to  increase  it.  It  will  have  a 
bcticf  repuiaiioo.  It  can  offer  better  facilities.  The  tendency 
tit  the  traffic  of  all  kinds  will  be  to  conccniraie  Itself  upon  it — 
just  as  water  always  seeks  the  lowest  point,  however  lUlIc  lower 
it  may  \k.  Kvcn  when  a  railway  can,  or  thinks  it  cHn,  count  on 
permaDcni  immunity  from  competition,  it  should  naturally  foU 
Jow  (rum  what  has  preceded  that  it  is  still  exceedingly  danKetons 
to  put  the  public  to  permanent  incutivenicucc  and  expense  under 
the  (alic  idea  that  "it  wilt  cost  the  Company  nothing."  Under 
the  best  of  circumstances  tliere  will  always  be  some  luis;  and  the 
alighiest  addition  lo  receipts,  ivltich  n\\^\n  have  been  secured 
but  is  not,  would  have  gone  almost  in  gross  tu  swell  tlic  surplus. 
Tbc  slight  additional  trouble  and  expense  to  shippers  of  aU 
freight,  and  the  horse-car  and  cab  fares  of  passengers,  must  be 
paid  (or  soonirr  or  later,  in  one  form  or  ;inoiher,  by  tiie  corpora- 
tioD,  if  in  no  other  form  than  in  a  decrease  of  traffic.  It  is  not 
inic  that  nothing  which  will  still  leave  rates  at  so  much  a  mite, 
without  immediately  aRccting  them  at  this  or  that  non-compcti- 
tire  point,  is  o(  importance  to  the  Company  or  has  effect  upon 
h«  revenue. 

49.  The  tmiversal  law  of  trade  ultimately  obtains  witli  sales 
of  transportation  as  of  everything  else.  The  selling  price,  the 
amount  sold,  and  the  profit  realized  on  all  articles  of  bargain 
and  sale  is  ttltimately  regulated  by  the  quality  of  the  article  and 
Ihe  price  the  consumer  is  willini;  and  able  to  pay,  and  this  again 
is  {(really  affected  even  by  trifling  diCFerences  of  convenience. 
We  may  see  (his  illustratetl  every  day  by  the  difference  in  price 
nf  the  »ame  atitcle  at  fashionable  and  unfashionable  stores :  and 
rvrn  when  there  is  but  one  point  at  which  a  certain  desired  ar- 
ncle  can  be  bought,  it  is  a  truth  universally  admitted  among 
business  men  that  minute  differences  in  the  price  or  the  quality 
nf  the  article,  or  in  convenience  o(  access  to  the  place  of  s.ale.  do 
have  a  material  Influence  on  the  volume  of  sales,  especially  in 
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sucli  articles  as  are  to  be  sold  in  great  numbers  to  the  general 
public.  That  precisely  the  same  argument  applies  to  railways 
can  be  denied  only  by  asserting  that  the  patronage  of  a  railway 
is  stiictly  a  matter  of  necessity — a  pure  monopoly,  except  as 
competed  for  by  another  railway  ;  but  this,  even  if  it  were  true 
of  the  greater  portion  of  traffic,  would  certainly  not  be  true  at  all 
of  the  remaining  fraction,  and  it  is  ordinarily  this  remaining 
fraction  which  aione  makes  the  business  of  operating  the  prop- 
erty worth  carryingon  by  the  company  controlling  it ;  for  let  us 
suppose  that  by  systematic  negligence  at  several  points  in  the 
original  laying  out  of  a  line  a  corporation  should  succeed  in  af- 
fecting its  gross  yearly  revenue  so  much  as  one  per  cent.  It 
would  represent  certainly  five  to  ten  per  cent,  and  very  possibly 
one  hundred  per  cent,  of  the  value  of  the  franchise  owned  bv  the 
corporation,  which  is  usually  all  they  do  own,  and  sometimes  a 
good  deal  more. 

60.  If  it  should  seem  improbable  that  any  possible  error  of 
this  kind  cOuld  so  affect  revenue,  it  must  be  admitted  tliat  it  is 
difhcult  and  in  fact  impossible  to  produce  statistical  proof,  nor 
would  such  proof,  even  if  produced  for  one  locality,  be  applicable 
elsewhere;  but  a  striking  example,  among  many,  of  the  natuiiil 
effect  of  such  reckless  neglect  may  be  found  at  the  town  of 
Springfield,  Ohio.  A  dispute  about  a  trifling  sum  (about 
$50,000)  of  town  aid  to  the  Atlantic  &  Great  Western  Railway, 
now  the  New  York,  Pennsylvania  &  Ohio  Railroad,  caused  the 
manager  of  the  road  to  run  the  line  two  or  three  miles  from  the 
town — and  this  with  a  slight  increase,  if  anything,  in  the  dis- 
tance, curvature,  and  cost.  This  town  has  since  become,  as  even 
then  was  probable,  one  of  the  best  shipping  points  in  the  State; 
and,  purely  in  consequence  of  its  inconvenient  location,  the 
Atlantic  &  Great  Western  secures  only  an  inconsiderable  frac- 
tion of  this  traffic,  both  freight  and  passenger.  Its  annual  loss 
of  net  revenue  is,  beyond  all  question,  considerably  larger  than 
ilie  ivholc  sum  originally  in  dispute;  and  the  disadvantngc  \v;is 
so  serious  that,  very  recently,  arrangements  to  run  into  tlic 
tnwn  over  another  line  were  made  at  heavy  cost,  while  still 
leaving  the  line  at  an  immense  disadvantage. 
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91.  Id  this  occurrence  there  is  nothing  exceptional,  even  in 
degree.  There  is  hardly  a  town  of  ^ny  imporiuiice  in  the 
UoJled  States  in  which  some  one  of  the  lines  running  to  it  has 
oot  done  precisely  the  same  thing  ;  so  that  it  is  known  of  all 
men  to  be  at  gnive  disadvantage  in  respect  to  some  portion  of 
lb  oalural  traffic,  whether  Eong-liaul  and  short-haul,  and 
wbethcf  passen)(er  and  frci)i;ht.  That  natural  and  not  unreason* 
able  Iruit  of  human  nature  embodied  in  the  liumely  proverb, 
"Give  a  dog  a  bad  name  and  hang  him,"  then  comes  in  to  tnten- 
tlfy  this  disadvantage.  This  in  turn  begets  a  poverty  of  means, 
nrhlcU  begets  a  poverty  of  service,  wliich  still  further  increases, 
«nd  justifies  on  rational  grounds,  what  may  huvc  been  in  the 
beginning  a  rather  unrcasunabic  popular  prejudice;  and  the  end, 
In  all  probability,  is  a  receivership.  It  wit)  be  found,  on  looking 
over  a  list  of  roads  which  have  (ailed  in  this  way,  that,  almost 
without  exception,  they  ar^  those  which  merely  skirt  the  edges  <a 
lh«  towns  which  ihcy  nominally  reach. 

52,  The  errECT  on  short-haul  traffic  of  negligence  oi 
this  kind  is,  as  already  hinted,  fur  more  scriouK  proportionally 
than  in  the  case  of  longer  haul— not  only  because  it  is  far  more 
likely  to  drive  the  traffic  lu  other  lines,  when  such  exist,  but  be- 
cause it  is  far  more  likely  to  have  the  Still  further  effect  of  de- 
stroying a  portion  of  the  potential  traffic  completely.  The 
longer  the  journey  or  the  haul,  evidently,  the  less  effect  will  any 
trifling  inconveniences  have,  and  the  proportional  :is  well  as  ab< 
solute  loss  will  niiiurally  be  less  »t  small  Inwns  than  l.nrge  ones — 
especially  than  at  very  large  one*  where  there  is  a  regular  and 
established  suburban  traffic.  Nevertheless  no  town  is  so  sm<ill 
thai  tJie  jhort-haul  local  traffic  is  not  materially  affected  by  tri- 
lling diflcrcnce  of  convenience  of  access.  Differences  wliich 
originate  in  the  subsequent  management  of  the  operating  de- 
partment, better  cars,  time,  meals,  train  employees,  sorer  con- 
nections, etc.,  may  have,  it  lias  been  admitted,  relatively  much 
toorc  effect  than  a  mere  difference  in  convenience  of  access  to 
the  station;  but  the  latter,  unlike  the  former,  cannot  be  cor- 
rected at  any  time,  and  in  trips  of  ten  to  twenty  or  fifty  or  even 
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one  liuntlred  mitett,  the  mere  fact  thai  the  station  is  (or  \%  not) 
Convenieni  for  (diking  ;iii(]  leaving  the  Iriiin  is  .ilone  enough  to 
hiive  a  powerful  intlticdce  upon  the  number  of  such  trips,  es- 
pecially in  bad  weather,  but  to  an  important  extent  in  all 
weulher.  with  ihc  weaker  three  quarters  of  the  population  at 
least. 

83.  In  very  much  less  degree  even  the  volume  nf  non-com- 
rr.TiTtvr.  rxEic.KT  shipments  is  similarly  aSecied;  besides  the 
fxct  (liuE  it  must  l)e  assumed,  (or  reasons  already  slated,  that  the 
rates,  in  the  Inng-riin  and  in  some  direct  or  indirect  form,  will 
ciTtniiily  be  affected  likewise.  Sooner  or  later,  in  one  form  or 
mother,  the  railway  will  be  compelled  to  make  concessions 
equivalent  to  paying  for  the  cost  and  annoyance  of  cartage  on 
much  of  its  traffic,  and  lose  altogether  more  than  enough  i<>  pay 
{or  tuning  the  whole  of  it.  There  is  no  clearer  moral  than  this 
lo  be  drawn  from  recent  rail  way, history. 

A4.  ti  is  al&o  unmislukably  evident  from  recent  history  that  it 
Is  impossible  to  muintutn  more  llian  a  reasonable  ratio  of  dispru- 
portion  in  rales  between  competitive  and  non-com  pel  it  ivc  rates, 
an<I  between  rates  on  one  class  of  freight  and  another,  even  for 
those  classes  of  freight  which  do  not  seem  to  be  affected  by  any 
immediate  cause  tending  to  have  this  effect.  A  clear  indication 
of  the  existence  of  this  law  may  be  found  in  Tables  93-5.  It  is 
now  too  well  known  and  generally  admitted  to  require  more  pre* 
cise  evidence- 

S9.  There  is  one  peculiar  phase  of  the  question  of  runnino  by 
A  TOWN  TO  SAVB  iHSTANCB  wliich  may  be  more  appropriately  con- 
sidered in  this  connection,  as  illustrating  what  has  preceded, 
lluin  in  the  chapter  on  Distance. 

I^t  us  suppose,  to  take  definite  figures,  that  we  have  nin  by  a 
lawn  of  ten  thousand  inhabitants  in  order  tu  save  a  deviation  of 
(Ive  miles  from  an  air  line,  involving  a  loss  of  a  mile  or  two  of 
dUiuncLV  As  we  have  already  seen  in  part,  and  shall  more  fully 
«re  <Chap.  VII.),  the  railway's  revenue  account  suffers  heavy  lo&s 
due  to  the  decreased  mileage  on  most  of  its  local  and  through 
buvlness,  compeiltive  and  noa-competitive.    Per  contra,  its  ex> 


CBAF.   m.~CAUSES  MODIFYIN^G  VOLUME   OF  REVENUE.    $9 

pense  act-ount  is  decreased  indeed,  but  in  very  much  less  ratio. 
The  probabilities  are  very  strong  that  there  will  be  a  net  loss  to 
ihe  revenue.  This  might  well  be  borne  it  it  meant,  as  in  ordi- 
nary cases,  simply  a  reduction  of  the  transportation  tax  upon 
the  traveller  or  shipper  of  freight,  but  how  stands  it  with  the 
latter?  They  save,  indeed  (in  the  case  of  local  traffic  onlv,  but 
not  in  the  case  of  through  traffic),  the  two  or  three  cents  per 
mile  which  the  railway  loses,  owing  to  its  shorter  line  ;  but  they 
lose  the  entire  direct  cost  of  cartage  or  switching  charges  on 
their  freight  and  carriage,  express  or  horse-car  fares  for  their 
own  conveyance,  besides  suffering  an  annoyance  and  inconveni- 
ence in  both  cases  which  they  will  surely  estimate  at  a  good 
round  sum;  In  money,  when  by  the  existence  of  competition  they 
are  able  to  throw  the  whole  of  both  of  these  losses  on  the  rail- 
way which  seeks  their  patronage  from  a  distance  ;  in  refusal  of 
patronage,  except  under  great  concessions  or  the  compulsion  of 
necessity,  when  through  absence  of  competition  they  cannot 
otherwise  shift  the  burden  from  their  own  shoulders. 

Thus,  under  any  possible  conditions,  in  such  a  case  there  is  a 
triple  loss:  The  tax  on  the  public  is  greater,  the  receipts  of  the 
railway  are  less  per  passenger  or  ton,  and  the  number  of  pas- 
senijcrs  or  tons  is  decreased, 

56.  The  net  losses  might  be  estimated  something  in  this  way, 
assuming  the  town,  say,  to  be  in  Ohio: 

Loss  TO  THE  Railway. 

Lou  of  traffic  per  bead,  by  being  5  miles  instead  of  i  from  centre  of 
population  (say  40  per  cent :  Table  13}.  on  a  natural  revenue  per 
head  of  f  10.  or  (loo.ooo  from  the  town *. .   . .  .$40,000 

Loss  of  rFTcnue.  due  to  one-mile  faaul  on  (60,000  of  traffic — say  three 

per  cent 1,800 

$4l,Soo 
Prr  cftitra  :  saring  of  expense  on  siime,  at  40  per  cent  on  the  total  ex- 

peoMS,  or  36}  (40  X  |)  per  cent  on  the  total  revenue 11.14B 

Net  lots  torailvraj t30,6sa 
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Loss  TO  THE  Individual  Patrons. 

Expenses  of  reaching  the  railway  from  a  point  j  miles  off,  at  so  cents 

per  passenger  or  ton,  probably  about $3;,ooo 

Less  saving  by  reduced  paj'ments  to  the  railway,  as  above 1.600 

Net  loss  to  the  public  (13.200 

Destroyed  business,  which  the  public  would  have  been  glad  to  enjoy 
and  pay  fur,  as  shown  by  experience,  and  which  hence  would  hftve 
been  worth  its  cost  to  them — say  one  third  of  the  40  per  cent  (as 
at>ove)  of  $100,000,  the  rest  going  to  some  other  line 13.300 

Net  loss  special  to  the  public,  per  year $36,500 

Net  loss  special  to  the  railway,  per  year 30,651 

Aggregate  loss  to  the  community,  per  year $67,153 

Which  means  from  the  point  of  view  of  political  economy, 
and  as  a  plain  statement  of  a  fact  which  would  appear  in  the 
census  statistics,  that  the  capital  of  the  country  and  the  world 
is  less  than  it  otherwise  would  be  by  the  capital  sum  of  which 
$67,153  represents  the  interest,  or  (at  six  per  cent)  $1,119,200  ; 
the  whole  of  which  is  clear  loss,  by  which  no  ONE  is  benefited. 

67.  A  few  hackmen  and  expressmen  are,  indeed,  diverted 
from  working  elsewhere,  where  they  would  be  true  producers, 
into  earning  a  support  by  performing  what  might  have  been  a 
needless  service.  It  is  plain  that  by  this  diversion  they  are, 
individually,  neither  benefited  nor  injured,  so  that  they  simply 
do  not  enter  into  the  question  at  all,  even  from  the  point  of  view 
of  political  economy.  We  are  not,  however,  studying  political 
economy,  but  the  art  of  directing  private  investment  in  railway 
property  scT  as  to  be  profitable,  not  primarily  to  the  general 
public,  but  to  the  projectors. 

Making  all  allowances  for  possible  errors  in  the  precise  fig- 
ures used  above,  it  repres»nls  an  immense  loss  to  all  parties  from 
running  railways  by  towns  without  going  to  them,  so  far  as  the 
traffic  of  that  town  alone  is  concerned,  separately  considered. 
There  is,  however,  this  further  disadvantage  to  be  remembered  : 
if  we  lengthen  the  line  to  reach  a  town  we  necessitate  that  the 
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•hole  tnflic, shall  be  hauled  over  this  extra  distance  in  order  lo 
aceoinniodate  the  traflic  of  one  town. 

M.  This  raises  the  general  cjuestionnf  the  value  of  distance, 
loc  ivhicli  sec  Chapter  Vll.  It  need  only  be  premised  here,  what 
lus  been  in  fact  already  said,  ihfit  »ltliuug)i,  as  u  mere  question 
u(  polilicat  economy,  the  cost  of  lliis  extra  haul  is  certainly  a  net 
lust,  tunferring  no  added  value  OD  the  service  rciiilcrcd,  yet  to 
tile  revenues  ul  the  railway  only,  considered  as  a  private  enter- 
prise  for  profit,  this  Is  by  no  means  the  case,  since  tliere  is  always 
a  credit  as  well  as  a  debit  side  lo  the  extra  haul.  It  is  not 
aacoRiroon  to  hear  engineers  speak  and  act.  indeed,  a&  if  the 
extra  haul  were  a  mere  burden  on  ihc  traffic:  u-hich  would  be 
true  enough  if  railways  were  charitable  instilutions  bulll  bj* 
moneyed  phibnthmpisis  with  the  .lote  purpose  uf  serving  the 
public,  and  which  is  always  true  with  respect  to  thai  consider- 
able (mction  of  traffic  on  which  neither  the  iimnunt  nor  the  dis- 
tribution of  the  gross  rale  is  modilied  by  the  distance.  But,  as 
oulters  actually  stand,  it  may  he  rudely  stated  here  that,  as  the 
actual  cost  of  such  triSing  extra  haul  is  very  little,  the  net  cRcct 
of  such  deviation  for  such  a  purpose  is  very  apt  to  have  a  favor- 
able effect,  if  any  {sometimes  a  decidedly  favorable  cdect),  upon 
the  net  revenue  derived  from  the  entire  Iraffic,  independent  of 
that  from  the  punicnlar  point  for  the  sake  of  which  the  devia- 
tion 'K^i  made,  as  well  as  upon  the  ptiblic  interest. 

For  one  moM  important  rcKwHi  irhy  ihi*  should  be  to,  see  Chapter  XXI. 

89.  It  is  true  that,  in  so  far  as  the  burden  upon  the  general 
traffic  may  be  increased,  there  is  a  tendency  to  compel  the  cor- 
poration to  reduce  rales  on  all  tratlic  to  the  point  which  it  will 
bear,  instead  of  making  non •competitive  rates  strictly  according 
(O  distance;  and  in  urging  ilial  a  railway  will  "get  something 
for  nothing"  out  of  extra  haul,  the  previous  claim  (pjir.  46  ti  if<f.) 
may  seem  to  be  contradicted,  that  even  slight  burdens  on  traffic 
are  dangerous;  but  it  is  evidently  a  very  different  matter  forn 
railway  to  t.ikc  measures  which  make  its  own  charges  on  all 
traffic  a  trifle  higher  to  relieve  a    part  of  it  from   other  and 
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heavier  burdens,  and  lo  take  a  course  which  throws  a  heavy 
burden  »n  its  own  tratlic  :iTid  on  it>  puirona  as  well,  by  piovid- 
ing  laciluies  (or  a  lot  of  outside  panieti — ceamiiers,  huckmen, 
and  horse-car  lines— to  extract  a  percentage  forever  of  the  lotal 
payments  which  the  traffic  has  to  bear. 

60.  Admitting,  therefore,  that  differences  of  location  may 
have  a  materiitl  effect  on  the  revenue,  it  becomes  important  to 
remember  that,  as  we  have  already  seen,  as  small  a  difference  as 
one  per  cent  in  gross  revenue  will  ordtnnrily  represent  from 
three  to  six  per  cent  in  net  revenue,  and  from  six  lo  twelve  or 
fifteen  per  cent  diffcrcacc  in  profits  (o  the  company  proper,  after 
their  rental  or  interest  charges  have  been  met,  evt-n  in  the  most 
prosperous  companies,  and  from  (hat  up  to  many  hundred  per 
cent  in  those  less  favored.  Remembering  also  that  errors  In  the 
original  laying  out  of  the  line,  iintikf  errors  in  subsequent  man> 
agemeiit,  are  mainly  irremediable, — a  kind  of  fixed  charge  for 
folly  forever, — il  will  be  *een  liow  large  is  the  interest  of  the 
company  who  employ  and  pay  the  engineer  in  avoiding  all  errors 
of  the  kind,  and  how  pariiciilarly  important  il  is  that  no  possible 
difference  should  be  regarded  as  triRing  bccansc  ii  will  consti- 
tute a  trifling  part  of  ihe  total  receipts  or  expenses.  Il  is  on)y 
a  small  fraction  of  that  total  which  "  the  company*'  has  even  the 
hope  of  retaining  to  itself. 

When  the  cream  of  their  traffic.  THR  prOPIT  trapfic,  is  lost 
to  them,  all  is  lost ;  and  although  it  is  often  true  that  the  busi- 
ness sagacity,  or  lack  of  it,  with  which  the  enterprise  as  a  whole 
has  been  planned  will  overcome  all  Ihat  the  engineer  can  do  lo 
make  or  mar  it,  so  that  the  enterprise  will  succeed  or  fail  in  spite 
of  liim,  yet  il  is  always  true  that  a  heavy  percenlagc  of  the 
surplus  or  deficit  which  alone  concerns  ibe  company  propet^- 
enough,  for  instance,  to  make  all  ihc  difference  between  a  great 
success  and  a  small  success,  or  a  great  failure  and  a  small  fahure 
— is  stricilr  dependent  upon  the  engineer  and  upon  those,  by 
whatever  name  they  may  he  called,  who  decide  with  litm,  or  for 
him.  the  !(emi-engineering  and  semi -commercial  questions  which 
we  have  here  considered. 
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n.  Therefore,  with  an  end  so  imporiaul  before  us,  any  guide 
b  better  than  none,  in  order  that  we  may  reduce  ihe  unavoidi.- 
b)e  uncertainty  to  its  lowest  terms  ;  and  under  these  circuro- 
tiancn.  u  rule  which  the  writer  has  formutaicd  as  a  sort  of  gen- 
tml  average  to  estimate  exceptions  from  is  this : 

As  A  UINIUUH  :  At  the  tmaltrsi  and  men  inert  neH-tPmptlilive 
fMiUt  the  annual  his  ^/  revenue  Ji  am  ffiutng  the  station  ut  a  ditt-iuee 
froH  Im-H  may  A-  taken  as  e</uii^lent  to  to  J>er  tent  0/  the  revenue  nat- 
foJfy  originating /ritm  tuek  a  tmco,  with  ttu  tlaliiM  in  anygitvn  /oea- 
titn.  for  titfh  tidJilional  mite  that  the  itation  it  moved  eg  /rem  the 
ttwtrt »/  the  town. 

As  A  MAXIMUM  :  Attentra  0/  eonsideroHe  maHu/aetHring  or  eom- 
mtrdai  aitmty,  expoted  to  tonttJerahle  aetual  or  pi^enlial  eomfvlilioit, 
n  jatt  and  moderate  estimate  of  the prohal'le  lost  of  retenne  from  re* 
nurttig  the  nation  to  a  distanee  itill  it  35  fer  tent  of  the  revenue 
MHurdiiy  originating  at  sueh  a  totf'n,  fer  taek  additional  mile  that  the 
action  it  moi^d  off  from  the  centre  of  the  tourn  ;  and  this  if  frei/iiently 
liable,  in  eaiei  of  ttry  iharp  eomfetition,  to  amount  to  as  mut'h  as  50 
f*r  eent  of  the  natural  revenue,  intluding  all  the  indirett  effeeti  of  tncA 
Oiadr^niagei. 

The  first  of  these  estimates  the  writer  has  considered  tn  lie 
applicable  to  such  towns  as  the  average  of  interior  Mexico.  It  >$ 
bclnw  any  class  of  towns  in  the  United  States  or  Canada,  ex- 
cepiiDR  the  strictly  rural  regions  consuming  and  producing  little 
treighi  shipped  by  rail-  The  last  is  a  fair  average  (varying  how- 
ever within  wide  extremes)  of  all  the  busier  towns  and  cities  of 
the  United  States. 

A2,  The  causes  of  variations  are  : 

I.  Manufacturing  and  especially  mining  towns  are  usually 
heavy  shippers. 

1.  Towns  which  arc  the  seats  of  special  industries  often  make 
payments  10  railways  out  of  all  proportion  to  their  apparent  size 
and  activity. 

J.  The  number  of  competing  lines  will  greatly  aQcct  the  pro> 
portion  Iribulary  to  any  one  line. 

And  many  other  like  causes.     Nothing  definite  can  be  pre> 
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dieted  about  any  one  town  from  any  figures  in  this  chapter,  but 
for  the  average  town  they  are  believed  to  be  fair. 

They  are  the  result  of  much  comparison  of  earnings  by  dif- 
ferent lines  at  large  and  small  towns  made  by  the  writer  at  dif- 
ferent times,  with  an  effort  to  estimate  the  true  cause  of  their 
disadvantages  ;  but  to  attempt  to  defend  them  in  detail,  except 
as  the  volume  as  a  whole  may  do  so,  would  occupy  too  much  space. 

Table  13. 

Estimated  Effect  on  Revenck  op  Removi:<c  Stations  from  the  Centre 
OF  Population  of  Towns. 


DuTAHCfl. 

MlMUtlH, 

jD  percent  |icr  mile. 

OHDtNABV    MaXiMVM. 

35  percent  \xt  mile. 

EimiHK  MuxiiiuH. 

Milei. 

DIfferenee. 
Per  ceol. 

Percent. 

Difference. 
Per  cent. 

Per  cent. 

1 

4 

! 

6 

7 

8 

9 

ro 

10, o 

g,o 
H.I 
7-3 
6,6 

5-9 
S3 

4, a 

4-3 
3.8 

lOO.O 

90.0 
Bl.o 
72.9 
65.6 
59.0 

53.' 
47.8 
43-0 
38.; 
34.9 

as.o 
ia.75 
14.06 
10.55 
7.91 
5.14 

4-45 
3-34 
a, 50 

1. 87 



100. 0 

75.0 
56.25 
43.2 
31.65 
=3.74 
17.80 
'3-35 
10. OI 
7,50 
5.6Z 

Very  materially 
greater  under  ceriain 

c  i  re  u  instances, 

especially  willi  sharp 

competition,  so  that 

a  dillerence  □!  two  or 

three  miles  often 

means  the  loss  of 

nearly  Ibe  whole 

traffic. 

Av.   revenue 
per  head 
per  year. 

\   $3.00      t 

■ 

0    Jj.oo 

fS.oo    ic 

^15 ,00 

Column  I. — Average  di&tancE  of  station  from  centre  of  po{>u1aiion. 
Columns  i  and  4. — Loss  per  cent  of  totaJ  natural  revenue  for  each  additional  mile  of 
distance. 

Columns  3  and  ;.— Remainiag  per  cent  of  ualura]  revenue  left  to  the  company. 

The  effect  of  this  rule  is  presented  numerically  in  Table  13, 
the  percentages  being  in  geometrical  ratio  to  each  other,  so  that 
any  number  in  the  column,  divided  by  the  first  or  second  or  third 
oumber  above  it,  gives  always  the  same  quotient. 

Under  this  table,  the  percentage  of  loss  for  each  additional 
mile  the  station  is  moved  away  is  the  same  under  all  circum- 
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ftUoccK,  Mltliougti  the  absolute  loss  is  much  less  as  the  dUliince 
I  ;rC  francs. 

£3.  The  above  rule,  it  should  be  repeated,  is  not  offered  as 
in  any  way  precise,  or  perhaps  even  safe.  Such  an  estimate 
must  always  remain,  for  the  most  part,  a  question  of  judgment. 
That  is  tiie  author's  judgment.  He  claims  no  more  solid  basis 
for  It  than  that  in  many  single  instances  there  has  been  ati  actuut 
difference  in  the  receipts  o(  competing  lines  at  the  *iuiie  point. 
or  in  the  receipts  of  the  same  line  at  points  at  different  distances 
from  it,  but  otherwise  very  similarly  siluatcd,  which  closely  cor- 
respond with  the  figures  given. 

64<  As  an  example  of  the  working  of  the  al>ove  rule,  to  run 
two  miles  uH.  instead  o(  one,  from  the  centre  of  a  town  of  10,000 
people  would  involve  as  a  minimun]  a  loss  ol  9  per  cent  of  the 
nutuml  revenue  from  such  a  toivn,  or  from  $1800  to  5;7oo  per 
;ear.  If  the  town  were  an  active  business  place  this  might 
vastly  be  several  times  this  amount,  and  if  competition  were 
a  factor  of  the  pr<il)lem  it  would  be  very  certain  to  be.  If 
U  were  a  question  of  running  into  a  town  instead  of  a  mile 
away,  the  loss  would  also  be  liable  to  be  very  much  greater  than 
the  table  above  indicates,  since  the  stimulating  effect  of  better 
transportation  might  change  the  whole  character  of  the  town, 
besides  the  natural  effect  of  a  given  difference  of  distance.  The 
question  would  be  affected  likewise  by  the  character  of  the  ter- 
mini, etc.,  etc 

6S,  .As  an  instance  from  actual  practice,  two  important  Mexi- 
can towns,  of  a  population  of  about  too.ooo  and  60,000  respec- 
tively, and  about  forty  miles  apart,  with  considerable  natural 
traffic  between  them,  were  left  distant  respectively  two  and  a 
half  miles  and  four  and  a  half  miles  from  the  nearest  point  of 
the  projected  line,  ft  was  a  question  whether  to  bring  the  rail- 
way nearer  to  the  towns,  in  wliicti  case  both  stations  would  be 
half  a  mile  from  the  centre  of  population  : 

If  we  might  assume  the  above  minimum  to  be  correct,  the 
ceruin  loss  on  all  the  traGSc  contributed  to  the  railway  by  these 
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towns,  and  iiot  simplr  on  ihe  traffic  l)etwc«ii  tlicm,  would  be  ain. 
nuxlly — 

$3oolooo  X  o  19      =  (38.000 
110.000  X  0-344      =    41.3S0 


TotaJ  (|3i;  per  day)  9?g.*9o 

For  Mexican  towns,  in  their  present  condition  of  imperfect 
material  ilcvelopinent,  this  is  possibly  large  cnougli ;  but  fur* 
Americon  (own^^  of  eciual  siie  and  importance  it  vtouh]  almost 
certainly  be  far  too  tow.  If  it  were  tu  be  considered  as  solely 
.afTccting  tlic  passenger  traffic,  and  uf  such  traffic  only  that  exist- 
ing between  ihe  two  towns,  it  would  amount  to  ihc  loss  of  sixty- 
tive  to  seventy  round  trips  per  day,  and  iliis  in  the  United  States, 
between  two  active  business  points  at  that  distance  from  Ciich 
other,  would  be  far  from  an  exaggerated  estimate. 

It  would  in  such  a  case,  however,  be  extremely  erroneous  to 
consideronly  the  traffic  between  the  two  points.  All  the  traffic 
originating  or  terminating  at  each  point  i^  mure  or  less  affected, 
the  importance  of  the  effect  decreasing  with  the  length  of  the 
haul.  The  freight  traffic  will  also  be  materially  affected,  in  some 
slight  degree  in  volume,  and  a  large  proportion  of  it  in  average 
rates,  for  reasons  already  pointed  out,  the  <?hief  of  which  is  that 
the  railway  sooner  or  later  pays  for  the  cartage. 

96,  Ycl  all  these  arguments,  like  almost  everything  else  con> 
ncclcd  with  the  l.iw*  of  trade,  require  to  be  applied  witli  great 
caution,  and  are  subject  to  many  exceptions,  such  as  these  which 
follow : 

Towns  will  in  many  cases  move  to  the  railway,  if  the  railway 
does  not  come  to  the  town,  with  ultimate  bcnclii  to  all  parties 
concerned.  This  is  especially  common  and  probable  in  tlie 
United  Stales,  but  it  is  more  or  less  true  everywhere.  In  pro- 
portion as  Ihc  popniatiiin  and  traffic  may  be  expected  to  increase, 
the  importance  of  accommodating  the  line  to  that  which  already 
exists  becomes  less  and  less. 

Even  in  a  region  tolerably  well  settled,  but  heretofore  unde- 
veloped by  railways,  or  imperfectly  developed,  a  bold  neglect  of 
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eii»iing  Cfntre^,  es{>cci>illy  those  of  minor  imporiancc,  will  be 
WfTctlingly  apt  to  bring  ihcm  sooner  or  later  to  the  ruiU-ar  in- 
tlcuil  uf  losing  the  railway  their  trutlic;  and  [Inn  will  l>e  in  Kunte 
uvr\  wlicre  uther  tines  arc  not  liktrly  lo  compele,  the  more  iipt 
to  follow  the  more  completely  mcli  points  arc  left  out  in  the 

CQld. 

Especially  when,  by  taking  a  central  line  between  two  subor- 
dinuic  ecnires  of  ihis  kind,  about  as  much  will  be  gained  from 
the  one  as  lost  from  the  other,  the  ultimate  cSccl  will  probably 
be  to  build  up  .1  new  town  between  both,  .-ilTurding  new  traffic, 
vfade  ttill  rel.iining  ii  good  proportion  of  tliui  wtiich  remains 
ai  cacli  of  the  old  centres,  and  could  have  been  fully  secured 
dam  line  ol  them  only  by  wholly  neglecting  the  oilier;  thus  sub- 
siAniixlly  increasing  the  aggregate  tidRic  of  the  line. 

This  amuuHls  to  saying  that  in  seeking  li>  (m).s  [hruugli  the 
centre  of  the  population,  as  in  determining  the  centre  of  gravity, 
wc  cannot  always  consider  one  body  nlone,  but  must  con«Jder 
rral  as  constituting  one  composite  entity. 
ST.  So.  loo,  it  is  easily  possible,  in  Uiying  out  branch  lines  or 
Ibe  parts  or  links  of  extended  systems,  to  be  so  over-anxious  lo 
secure  some  iriflitig  advantages  of  local  traffic  as  to  seriously 
burden  and  cripple  other  and  miicli  more  important  intere^l^or 
perhaps  (ay  the  line  open  tn  the  future  to  destructive  competi- 
tion. 

These  various  possibilities— f<w  as  well  a^  pre — arc  very  fre- 
quently the  most  important  of  those  which  lix  or  should  fix  the 
location  of  a  line.  Especially  in  easy  country  it  may  almost  be 
said  to  be  the  rule  lliat  these  will  be  important  enough  to  over- 
ruk  rnginecring  disadvantages  of  considerable  moment,  llie  ex- 
lent  of  which  latter,  therefore,  it  will  often  be  waste  of  time  la 
consider;  and  even  in  the  most  difficult  country  it  will  usually 
require  marked  and  decided  engineering  disadvantages  to  jiisily 

11^   uverbalunce  any  considerable  advantages  as  respects  probable 

^H    traffic  and  revenue. 

^B  6*.  The  question  of  the  txKATiON  of  termini,  and  its  effect 

t ~ '■" 
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geiieial  question  of  liow  near  to  bring  the  line  to  towns,  which 
we  have  just  been  discussing.  Nevertheless,  from  the  fact  that 
the  terminal  towns  are  usually  by  far  the  most  important  on  the 
line  and  likewise  ihemost  cosily  points  to  approach  closely,  sound 
hiiKiness  judgment  \%  viotulcd  more  frequenlly  nnd  more  danger- 
ously at  such  points  than  at  points  along  the  line.  Had  it 
not  so  often  happened  that  lines  which  have  expended  mil- 
lions for  the  construction  of  long  lines  to  a  certain  place  have 
then  begrudged  or  failed  lo  raise  the  necessary  additional  per* 
centage  to  carry  their  line  into  it,  contenting  themKetvcs  with 
linnging  on  to  the  skirts  of  ihe  town  somewhere,  where  (hey  can 
be  rcuched  by  horse-cars  or  hncks  iind  drays,  it  would  seem  in- 
credible thai  business  cnrpomlions  could  so  frequently  commit 
an  act  of  folly  which  can  fairly  be  paralleled  with  that  of  build- 
ing a  long  bridge  and  erecting  every  span  but  one — assuming. 
on  account  of  some  diHiciilty  with  foundations,  or  what  not,  that 
a  ferry  would  be  good  enough  for  that,  because  it  would  be 
"such  a  little  one."  The  lines  which  do  or  have  pursued  this 
course  will  be  found  to  be  iliuse  which  figure  most  prominently 
in  the  list  of  bankrupt  corporations  ;  and  the  evidence  of  that 
fact  is  so  patent  lo  any  one  who  wilt  take  a  list  of  such  and  study 
it  over,  that  it  is  needless  Co  add  more  to  what  has  been  already 
said  than  to  note  the  great  sums  which  successful  properties  spend 
in  reaching  the  heart  of  great  cities  to  remedy  former  errors. 

69,  In  England  hundreds  of  millions  have  been  expended  for 
this  purpose,  and  tens  of  millions  at  the  smaller  (owns  atone.  In 
America  we  arc  far  more  backward  than  the  best  interest  of  the 
properties  requires  ;  but  many  such  works  have  been  recently 
carried  ili rough,  one  example  of  which  is  the  new  entrance  of  the 
Pennsylvania  Railroad  into  the  city  of  Philadelphia ;  while  at 
New  York,  Boston.  St.  Louis,  and  other  cities  similar  improve- 
menls  hare  l>een  made  or  arc  being  projected  on  a  lavish  scale. 
Certainly  it  has  never  been  questioned  that  the  Philadelphia  ter- 
minus wa»  an  expedient  investment,  and  we  may  be  sure  thai  it 
was  not  undertaken  with  any  other  view  by  the  management  of 
the  company.     It  was  executed  almost  wholly  for  the  local  con* 
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renfcnce  of  Philadelphia,  and  consisted  in  carrying  in  the  com- 
pany's tracks  on  »n  elevated  structure  to  a  point  very  near  to 
iJie  centre  of  the  city.  It  w»s,  moreover,  an  expenditure  to  which 
(he  company  was  not  driven  by  competition,  except  as  to  a  small 
part  ui  their  triflic.  for  ihcy  had  good  facilities  for  both  freight 
and  pxssengeis  ;  facilities  as  conveniently  accessible  as  thi^y  xvetl 
could  be  by  horse-cars — tJiat  ever-ready  excuse  for  neglcciuig  to 
bring  railway-stations  into  the  centre  of  population.  Some  in- 
crease of  space  was  indeed  desirable,  but  it  might  have  been  se- 
cured much  more  cheaply  in  other  ways,  had  tlic  company 
deemed  it  expedienL 

Tlic  Philadelphia  improvement  cost  about  $4,590,000,  of 
which  about  half  was  for  land  only  ;  or  about  $5  per  head  of  th« 
pnpulation  concerned,  the  intei-e»i  on  which  ai  Ave  per  cent  is 
abuui  $115,000  per  annum,  or  twcniy-live  cents  for  each  man, 
woman,  and  child  of  the  population — a  sum  which  should  be 
largely  increased,  perhaps  doubted,  for  the  indirect  loss  on  in> 
vestments  already  made,  and  from  operating  expenses  for  haul- 
tag  the  whole  traffic  into  and  out  of  the  new  station,  to  which  the 
system  of  roads  centring  there  had  not  been  originally  adapted. 

It  is  to  be  presumed,  of  course,  that  the  value  of  this  improve* 
raent  to  the  corporaiiun  is  expected  to  be  considerably  more 
than  this.  Nor  docs  such  expctftation  seem  unreauinable  ;  for, 
independent  of  all  necessity  lor  competition,  experience  at  other 
points  proves  that  it  would  be  a  paying  investment,  from  its 
direct  and  indirect  cHect  to  encourage  new  traffic. 

In  the  company's  report  for  1881  it  was  stated — 

"Tbe  COM  et  ihis  WMk  ii  already  having  a  mailced  elTcci  an  (he  develop- 
nwni  of  tocil  liaAc :  aod  il  is  txlicvcd  that,  in  silililion  to  its  great  value  l« 
tbrouch  iind  compeilUve  butincu.  It  irill  in  a  few  ycart,  by  Iti  promotion  ol 
MriMrbaa  trim*  rcMhiriE  lliv  p*rk  anij  oilier  portions  of  Ilie  city,  anil  ita 
tdmilua  to  the  traffic  before  referred  10.  fully  realUe  all  (hat  waa  cuixemplawrf 
M  (In  ilflie  of  Its  otlgliial  conatnicLlon.'* 

At  the  time  of  this  report  there  were  some  two  hundred  pas- 
senger trains  into  and  out  of  Broad  Street  Station  daily.  There 
arc  now  about  fifty  per  cent  more. 
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70.  Ai  New  York  a  costly  improvemetu  was  carried  through 
at  tlic  joint  expanse  of  the  city  uihI  ilie  New  York  Centnil  and 
Hudson  River  RaiU-oad,  coating  some  $8,000,000,  in  order  to  per* 
msneitlly  insure  the  nmningof  f«st  Uains  10  the  Gr.-mil  Cenirul : 
Station  at  I'orly-second  Street,  which  will  probably  lirrcaUer  bCj 
the  heart  of  the  popul.ition  patrunixing  the  railway,  alihoiigh  for] 
the  present  il  is  rathor  far  up-town.     The  tlicn  cxisun){  pus&en- 
gcr  station  at  Twenly-eiithlh  Street  was  abandoned,  in  piirt  on 
account  of  the  difllculties  ;ind  expense  involved  in  scenting  ronaii 
at  th^it  point  for  the  immense  Irnftic  to  he  handled,  and  in  CHfry-l 
ing  the  line  to  it.  hut  in  part  becsuK  the  pninl  selected  waij 
deeintrd  to  be  so  near  the  future  centre  of  the  city.     .\naddl>{ 
tional  passenger  station   (mainly  for  suburban    trains)   is  still' 
maintained  on  the  west  side,  at  Thtny.second  Street,  as  are  aUo 
freight  stations  farther  down-tnwn  on  hnih  the  east  and  west 
side,  to  and  from  which  can  are  hauled  by  horses. 

71.  At  St.  Louis,  a  union  depot  for  all  the  railways  centring 
there  was  built  in  connection  with  the  great  St.  Lotiiw  Bridge, 
the  whole  costing  some  $7,000,000;  while  there  is  hatiily  a  city 
of  any  importance  where  tmiiHer  improvements  of  the  kind 
are  not  projected  by  some  one  of  the  lines  re.iching  it,  at  a 
largely  increased  cost  over  what  wotdd  have  been  ariginally  nec- 
essary;— without  considering  in  this  statement  the  heavy  losses 
of  traffic  through  the  dubious  early  years  of  the  company's  his* 
lory  which  have  enforced  such  improvements.  On  the  other 
hand,  there  is  no  instance  on  record  wh(?re  adei|uate  terminal 
facilities  once  acquired  have  been  abandoned  (or  others  more 
distant  and  less  valuable,  because  the  market  value  of  the  prop* 
erly  whs  greater  than  its  productive  value  in  the  hands  of  the 
company. 

73.  To  apply  the  same  ratio  of  expenditure  as  is  incurred  at 
the  larger  cities  to  smaller  places  might  not  in  many  cases  be 
safe  for  these  reasons  : 

Firii.  The  average  receipts  per  head  of  population  increase 
very  much  faster  ihan  the  population.  (See  Chap.  XXI.,  and  the 
various  tables  giving  revenue  per  head  of  population.) 


./«/".  If/.— CAUSES  MODIFYING  VOLUME  OF  REVENUE.  7I 

Se(«Kdfy.  At  very  large  cities  like  Mew  York.  Pliiradclphia, 
Cbiciif[0,  and  Boston,  ilic  ilisttnciiy  ttiburban  ttaRic,  making 
tJaily  iHps  at  commutation  rates,  \\  a  large  clement,  whicli  espe- 
cially requires  the  best  attainable  terminal  facilities  and  tlie 
largest  possible  saving  of  time. 

Tftbt*  14  {i««  aixiM  idra — In  pan,  ii  muM  lie  cvntnued.  a  deceptive  and 
iBpcrlecl  one — 15  to  bow  \*t%t  >  p»(  (tiosa  vxrioui  wotk*  constiiute  ot  lh« 
Mnl  coat  at  nilar»y>  of  the  first  cU«*.  and  bow  tmalt  an  eirinvni  11  ih«  mcTc 
Maamxibon  to  »ub-gT*d«  between  (tailoot.    Sec  alto  Cliapier  XXVI.,  on 

Tablk  14. 
pKoroBTioM  Axo  AMov^T  or  TtiN  VARtoit*  Itkus  or  Cost  op  Road  htn> 

TtfsVorkOnltnJ*  lludwa  Rint  Ratlnud,  liBj,  9^  miln:  amount  of  iiark.  j.Sj  llmt* 
len^  cd  line ;  Md  in  iMi  dtull  (or  tterujIvanU  Railroad,  1157  mllei. 
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lliiiiliwiil.  Qo  Ibb  ot  impotunca,  b  dm  (lum  lh«  aliov*. 

Thirdly.  At  almost  all  points  in  tlie  United  Stales  tlie  proba- 
bilities of  future  Rfowih  musl  be  remembered,  which  will  some- 
Utnes,  as  at  New  York,  bring  a  point  which  it,  for  the  time  being. 
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considerably  outside  of  the  centre  of  population  into  the  ver) 
heart  of  it. 

Nevertheless,  no  town  is  so  small  that   the  considerations 
advanced  are  not  more  or  less  applicable  tu  it,  and  the  usual 
of  development,  when  topographical  impediments  do  not  forbi<| 
it,  vi  that  the  town  spreads  equally  in  ull  directions,  its  centre  oE 
gravity   remaining   unchanged,  as  in   ihe   case  of  London,  ami 
measurably  of  Chicago,  Philadelphia,  and  other  cities;  in  whict 
case  the  disadvantages  of  having;  a  terminus  at  a  distance  ftom' 
that  centre  do  not  decrease  with  lime,  but  increase  in  direct  ratio 
lo  the  population. 

73.  Although  the  impossible  task  of  deTiniie  technical  analt  sii 
of  the  revenue  considerations  here  discussed  has  been  passed  byj 
it  is  hoped  thai  enougli  liits  been  said  to  impress  upon  the  miiidi 
of  engineers  and  projectors  that  they  are  entitled  lo  great, 
somewhat  indeterminate,  weight,  and  that  it  is  unsafe  for  anj 
engineer  to  enter  upon  the  work  of  laying  out  a  railway  with  n< 
more  thought  of  its  financial  future  than  a  vague  idea  that  the 
passenger  revenue  is  obtained  by  selling  tickets,  and  the  freight 
revenue  is  measured  by  the  sunt  of  the  way-bills,  and  that  neitliet 
is  any  concern  of  his  ;  his  duly  being  simply  to  f(ct  the  shortest,^ 
cheapest,  and  straighiest  line,— ihe  phrase  has  almost  hardened 
into  a  formula, — and  that  when  he  has  gotten  it  he  has  done  hi] 
whole  duty.     It  may  be  that  he  has,  but  it  docs  not  follow  :  ant 
the  chances  arc  good  that  he  will  have  not  only  completely  fade 
to  do  it,  but  will  have  involved  the  projectors  in  certain  ruin  ] 
because,  although  the  amount  by  which  the  revenue  can  be  mod^ 
ified  by  differences  of  location,  or  even  by  differences  i;i  the  sub-' 
tequent  management,  is,  as  a  rule,  only  a  small  percentage  of, 
the  aggregate  revenue,  yet  it  is  this  small  percentage  alone 
which  the  originjil  projectors  have  a  property  interest  :  that  pOfJ 
lion  of  the  revenue  which  goes  to  pay  fixed  charges  and  operat- 
ing expenses  being  in  no  sense  theirs. 

The  strength   of  the  argument  for  neglecting  no  effort  lo\ 
Teach  all  possible  sources  of  traffic  is  greatly  strengthened  by  the 
Considerations  which  it  seemed  more  appropriate  to  discuss  in 
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Chapter  XXI.,  but  wliich  have  a  very  direct  bearing  on  the  sub- 
feci-matier  of  iliis  chapter. 

74<  That  the  effect  of  comparatively  slight  causes  to  Influence 
ncvenue  has  not  been  exaggerated,  may  perhaps  be  proved,  as 
tfiectually  as  in  any  way,  by  a  trivial  incident  which  the  writer 
kaovra  to  be  authentic  : 

A  certain  railway,  for  competitive  reasons,  determined  that 
some  marked  improvement  in  its  eating  stations  must  be  made 
to  meet  tlie  competition  of  dining-cars  on  a  rival  line.  The  pro> 
prietor  of  one  of  these  establishments,  therefore,  was  instructed 
to  make  certain  decided  improvements  in  the  appointments  oi 
bb  table,  and  in  the  character  and  quality  of  the  viands  provided, 
ai  the  expense  o(  the  company,  and  to  send  in  bis  bills  from 
lime  to  time  for  this  additional  espcnditurc.  The  bills  not  com- 
ing in,  although  the  desired  bciti-rmGnts  had  been  (with  some 
reluctance)  made,  and  with  results  very  gratifying  to  the  com- 
pany, the  proprietor  was  again  requested  to  send  in  his  bills ; 
when  it  appeared,  on  inquiry  as  to  each  item  in  succession  for 
which  he  bad  been  specifically  instructed  to  increase  his  expen- 
diture  at  the  expense  of  the  company,  thai  the  proprietor  was 
"satisfied  thai  it  paid  him,"  or  that  it  was  "no  more  than  he 
ought  to  do."  or  that  he  was  "  well  enough  contented  as  it  was" 
— in  short,  that  he  had  no  bills  to  present- 
Such  an  incident,  the  details  of  which  were  precisely  as 
stated,  must  be  admitted  to  be  an  extraordinary  instance  of  the 
power  of  conscience  in  a  class  who  are  not  often  given  credit  for 
having  any,  but  it  is  also  a  proof  that  great  direct  advantages  to 
the  proprietor,  as  well  as  indirect  advantages  to  the  company, 
must  have  resulted.  To  fully  appreciate  its  bearing  upon  those 
semi-technical  questions  which  depend  more  or  less  on  the 
peculiarities  of  human  nature,  two  additional  facts  must  be 
remembered.     On  the  one  hand — 

I.  A  large  fraction  of  the  passengers  have  but  slight  reason 
to  choose  between  one  or  another  railway  before  beginning  their 
journey  ;  while,  on  the  other  hand, 

1.  The  journey  once  entered  on,  they  have  no  choice  what- 
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ever  as  to  where  to  take  their  meals,  but  to  take  such  meals  as 
are  set  before  them  at  the  appointed  stopping-places,  or  go 
hungry.  The  railway  restaurant  business  is  pre-eminently  non- 
competitive. 

If,  therefore,  a  trifling  improvement  in  meals,  which  had  never 
been  really  bad,  could  so  materially  affect  the  non-competitive 
business  of  a  railway  restaurant,  what  is  the  probable  effect  of 
the  same  and  other  slight  causes  on  the  traffic — especially  on  the 
receipts  from  that  considerable  class  who  travel  a  great  deal  by 
rail,  but  hardly  make  a  really  necessary  trip  more  than  two  or 
three  times  in  a  lifetime? 

With  this  attempt  to  solve  by  a  parable  an  essentially  inde- 
terminate problem,  we  pass  to  those  branches  of  our  subject 
which  are  often  of  less  real  importance,  but  which  admit  of  more 
definite  and  technical  treatment,  and  which,  perhaps  for  that 
reason,  are,  not  unnaturally,  too  often  the  only  ones  considered 
by  members  of  a  definite  and  technical  profession. 


CHAPTER   IV. 

THE  PROBABLE   VOLUME   OF    TRAFFIC,    AND   LAW   OF   GROWTH 

THEREIN. 

75.  It  having  been  once  determined  that  a  railway  is  to  i>e 
built  at  all  between  any  two  points,  with  the  consequent/r/mu- 
/iii/c  corollary  that,  excepting  when  and  as  reasons  to  the  con- 
trary appear,  it  is  to  be  the  cheapest  line  over  wliich  trains  can 
t)c  run  with  due  safety  and  speed,  the  probable  nature  and 
vnlume  of  the  future  irafTic  becomes  the  vital  question  ;  for  both 
the  revenue  and  the  operating  expenses  will  vary  in  close  ratio 
therewith,  and  only  to  increase  the  one  or  diminish  the  other 
are  we  justified  in  expending  more  money  than  proper  security 
ill  handling  trains  requires.  The  more  the  traffic  of  a  railway 
the  larger  the  pecuniary  saving  from  a  given  betterment  in  the 
rale  and  distribution  of  gradients,  curvature,  or  distance — and 
ihe  more,  consequently,  the  justifiable  expenditure  to  effect  ic  ; 
tlie  criterion  being  :  Will  a  certain  betterment,  which  is  not  an 
essential  for  the  safe  passage  of  trains,  save  the  company  more 
per  year  in  operating  expenses  (or  add  more  to  the  revenue,  in 
the  limited  class  of  problems  in  which  that  question  comes  in) 
than  it  will  add  to  fixed  charges  by  the  capital  expended  to  effect 
it?  If  it  will,  the  expenditure  and  betterment  should  be  made  : 
if  it  will  not,  it  should  not  be  made. 

76.  To  determine  the  probable  volume  of  trafiic  with  exactness 
is  of  course  impossible;  nor  is  it,  fortunately,  particularly  im- 
portant to  do  so,  if  we  make  a  reasonably  close  approximation  ; 
for  the  reason  elsewhere  discussed,  that,  with  a  judiciously  located 
!ine,  the  saving  by  adopting  a  poorer  line  than  one  naturally 
adapted  to  the  topography  is  ordinarily  not  so  great  that  any 
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probable  deficiency  in  tlie  estimate  of  tiaHic  would  permit  of  it ; 
while,  on  tlie  other  liand,  the  cost  of  defying  the  niitural  topo- 
graphical conditions  is  ordinarily  too  grent  for  any  probable 
excess  in  the  estiin>ile  of  trafHc  to  permit  of  it  wrongly.  In  other 
wortlK,  the  danger  lies  in  having  no  criterion,  or  in  a  false  per- 
spective as  to  the  relative  importance  of  various  ends,  or  in 
purely  arbitrary  decisions  based  on  no  investigation  whatever, 
rather  ihan  in  a  certain  percentage  of  error  in  ntir  criterion. 

.^l  iliat  we  need  to  do,  therefore, — all  thai  will  have  any 
important  oeanng  on  our  action,  as  experience  will  soon  teach, 
^ts  to  bring  reasonably  near  to  each  other  the  maximum  and 
rainimum  probabilities, — "  the  limits  of  error  in  either  direc- 
tion, somewhere  within  which  lies  the  irulli  and  anywiiere  out- 
side of  which  lies  a  certainty  of  error."  This  there  is  oidinariJy 
no  difficulty  in  doing. 

77.  In  a  rude  way  It  can  be  dune  at  once  by  any  one  at  all 
familiar  with  railroad  work.  We  know  at  once  whether  u  line  is. 
more  likely  to  have  a  light  local  traffic  or  a  trunk-line  traffic.  It 
is  but  a  step  further  to  determine  with  very  approximate  exact* 
ness  lUjl  n  line  will  have  somewhat  more  iriifHc  than  ihi^  or  chat 
or  the  other  line  near  it,  or  Mmilarly  situated  in  other  regions, 
end  less  traf!ic  than  as  many  others  ;  from  which  the  establish- 
ment of  a  mean  for  the  immediate  traffic  and  its  future  growth 
is.  wilii  some  knowledge  of  railroad  businc<vs,  a  simple  matter. 

76.  The  greatest  difficulty  in  making  such  estimates  is  ordi- 
luirity  the  fuct  that  to  make  them  it  is  c.tsential  to  estimate  and 
allow  for  the  probable  future  growth  of  traffic,  since  it  is  rarely 
the  case  that  a  railway,  especially  in  the  L'nitcd  States,  Is  built 
simply  and  only  to  accommodate  the  triiEIic  "in  sight,"  us  min- 
ers say.  On  the  contrary,  it  has  been  and  will  continue  to  be 
frequently  the  case  that  the  railway  is  relied  upon  not  only  to 
accommodate  but  to  create  a  great  part  or  the  whole  of  the 
traffic  for  which  it  is  built.  Even  when  the  population  of  the 
region  Iravcned  ciinnni,  as  it  can  in  mont  parts  of  the  United 
States,  be  expected  to  rapidly  increase,  experience  has  sliowa 
that  if  the  surrounding  territory  ha«  heretofore  been  but  scantily 
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proTtded  witli  railway  facilities,  (i)  ilie  traffic  of  the  ficst  few               ^H 
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CMttititiv  an  «lem«ni  wliicti  migUi  ht.  legitimately  considered  in 
bylog  out  •(  new  line.  T)ie  Uihle  embodying  this  En|{li§lt  ex- 
perience is  very  instructive,  as  indicating  a  minimum  of  growth 
under  Milled  conditions  tvliich  no  lari{c  section  of  this  country  is 
likely  to  fall  below  for  many  decades. 

In  all  but  the  rarest  instances,  it  would  be  absurd  to  claim 
tbai  no  allowance  shonid  be  made  for  future  growth  of  traffic, 
lad  oft<rn  it  should  be  a  very  large  one.  Nevertheless,  while, 
iJieorctically,  large  allowances  for  this  future  traflic  are  almost 

Tablk  16. 
GaowTii  or  Ewiuui  Railways  akd  Railway  TkAPric. 
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always  jusitliable,  it  is  for  practical  reasons  so  exceedingly  dan* 
gerous  as  to  amount  to  absolute  folly  for  an  average  American 
corporation,  even  of  the  more  prosperous  kind,  to  look  ahead  for 
more  dian  from  three  to — at  most— ten  years  for  the  "  rapidly 
increasing  traffic"  which  is  to  justify  an  increase  of  present 
expenditure  over  whiti  the  prospects  of  the  present  and  the  im- 
mediate future  will  justify. 

79.  Let  u«  sec  why  ihis  is  so.  The  theory  of  the  subject  is 
simple:  In  Table  iS  is  given  the  present  value  or  present  justi- 
fiable expenditure  to  save  $i  (or  one  unit  of  any  other  value) 
at  the  end  of  uiiy  given  period  at  any  given  raic  of  interest;  that 
is  to  »jiy,  (he  sum  which,  if  placed  at  compound  interest  now, 
will  produce  $1  ut  the  end  of  the  specified  period.  This  fact 
given,  it  logically  follows,  that  if  Ihe  value  of  a  given  betterment 
for  a  given  immediate  trafhc  be  $t,  the  present  value  of  the 
same  bcllcrmcnt  for  iin  equal  traffic  which  is  to  exist  only  in  the 
future  will  be  that  sum  which  at  compound  interest  will  produce 
$1  when  the  assumed  traffic  comes  to  exist.  If,  for  example, 
we  expect  the  traffic  to  double  in  ten  years,  wc  may  spend  for  a 
betterment  worth  %\  to  the  present  traffic.  $i  •\-  the  sum  which 
will  ptoduce  $1  at  the  end  of  ten  years,  which  latter  is  at  7  per 
cent  (Table  18)  50.8  cents;  so  that  under  these  conditions  (which 
would  apply  to  most  new  American  lines)  wc  should  be  war- 
ranted in  spending  50,8  per  cent  more  money  to  effect  given 
betterments  than  wc  would  for  the  trafhc  "  in  sighL" 

Tablk  17. 
Valdb  or  9t  ri.AcSD  at  Cokpovhd  Intknist  foi  a  Tikm  of  Ybakb. 
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80.  All  this  is  undeniably  cunect  in  iheory,  except,  indeed, 
tkit  it  undenldles  l>ic  citse ;  for  wc  migtit  enter  into  further 
Ulliematical  subtleties,  »nd  prove  tliat  if  llie  ratio  of  growth  of 
traffic  i»  greaici'  than  lite  rate  of  interest  on  capital,  the  present 
iiuiiliable  expenditure  tu  provide  for  such  increase  of  traffic  is 
jafifllte.  But  this,  while  an  excellent  exercise  for  the  student,  we 
shall  not  ttttempt  to  do;  confininK  ourselves  instead  to  the  more 
profitable  woilc  of  pointing  out  ilie  reason^  why,  with  any 
ordinary  corporation,  all  such  speculaiions  are  wholly  delusive, 
so  that  even  the  indications  of  Table  iSareof  value  only  as  fixing 
a  maximum  which  should  never  be  exceeded. 

SI.  The  firiit  and  most  vital  reason  is  that,  while  it  may  be 
Uken  as  a  practical  certiiinty  that  the  traffic  of  any  ordinary 
railway  not  only  will  grow,  but  tliui  it  will  grow  at  an  average 
rale  of  something  like  5  to  8  per  cent  per  annum  cast  of  the 
Allcghenies,  and  7  to  10  or  15  or  even  10  per  cent  per  year  west 
of  there,  yet  that  the  rate  of  this  growth  of  trallic  is  excessively 
variable  and  uncertain — liable  to  cease  altogether  at  any  lime  fof 
many  years,  and  at  periods  when  it  is  particularly  incoDvcoienl 
to  put  interest  on  discounted  expectancies. 

For  this  cause  alone  it  is  in  general  inexpedient  to  look 
forward  more  than  at  most  five  yciirs  for  traffic  to  justify  an 
increase  of  imtncdiate  expenditure:  and  when,  as  is  of  cours* 
more  likely  to  be  the  case,  a  new  project  is  floating  upon  the  top 
o(  a  "  Ijoom"  or  upward  wave  in  the  tide  of  business,  it  is  unsafe 
to  look  ahead  more  than  two  or  three  years.  It  is  at  «uch  times 
especially  to  be  remembered  that  the  wave  may  begin  to  flow 
backward  at  any  limr,  and  thai  even  if  it  do  not.  the  line  is  built 
with  borrowed  capital,  and  that  it  is  difficult  for  the  average 

k6naocicr  to  borrow  large  sums  on  future  expectancies ;  nor  can 
he  in  any  case  borrow  $jooo  per  mile  as  cheaply  as  $1000  per 
mile.  Borrowed,  however,  the  money  must  be  if  the  first  supply 
gives  out,  or  the  wlinic  investment  of  the  original  company  will 
probably  be  lost ;  and  the  instances  are  rare  in  which  any  large 
proportion  of  the  entire  capital  has  been  positively  scciiied 
^^    before  the  surveys  are  substanttallv  complete  and  construction 
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63.  A  sequence  of  events  which  has  been  again  and  again 
re])cutc(l  is  that  tlie  company  shall  enter  upon  the  work  with 
vapuc  visions  of  boundless  piosperily.  and  look  with  ccnaintjr 
to  8ecurin!;"all  the  money  ihey  need;"  shall  encourage  their 
engineer  in  a  costly  style  of  construction  which,  with  the  nnt1ir.1l 
preference  of  an  engineer  for  massive,  duruble,  unil  stately  works, 
he  is  hU  loo  ready  10  adopt;  and  finally,  often  within  a  ridicu- 
lously short  time  of  the  period  of  their  brightest  hopes,  be  left 
stranded  by  the  ebb-tide  of  speculation,  a  complete  and  helpless 
financial  wreck. 

83.  Finidly,  there  is  another  and  still  stronger  reason  why  (he 
growth  of  trufhc  should  not  be  counted  on  for  many  years  ahead 
in  designing  the  works.  It  is  usually  a  simple  matter  to  so 
design  lai-gc  parts  of  the  line,  including  most  of  the  more  expen- 
sive works,  that  their  construction  may  be  postponed  until  a 
more  convenient  season — a  possibility  so  important  that  it  is 
separately  discussed  hereafter  (Chap.  XXIII.).  By  so  doing  we 
at  least  make  sure  of  keeping  the  capital  account  at  a  minimum 
and  >f  (usually)  retaining  the  line  in  the  hands  of  the  original 
comp..ny;  while,  when  till  causes  are  considered,  the  loss  from 
postponing  the  execution  of  all  more  cosily  work  which  cjin  be 
postponed  will  not  be  very  great,  even  if  one's  brightest  dreams 
arc  real iied^w Inch  will  rarely  be  the  ca«e. 

84.  We  may  conclude,  therefore,  that  although  a  railway 
corporation  which  hns  in  truth  iis  well  as  in  imiiginacion  un- 
limited means  :  which  is  able  to  look  ahead  with  certainty  for  a 
long  period  of  years ;  which  is  able  without  doubt  to  tide  over 
long  periods  of  depression  without  danger  to  its  stability,  and 
which  has  no  anxiety  to  realize  present  profit,  or  even  avoid 
present  losses,  on  investments  which  will  be  nltimutrly  profit- 
able; — although  such  a  corporation  may  legitimately  make  a 
large  increase  in  its  investments  for  the  sake  of  a  traffic  which  is 
Stiti  in  the  distant  future,  yet  that  no  ordinary  corporation  can 
afford  to  look  ahead  more  than  two  to  five  years  for  the  traffic 
to  pay  interests  on  increased  investments,  and  that  even  in  that 
case  they  take  much  risk  in  doing  so.     Traffic  should  therefore. 


in  M  cpses.  be  rather  under-  tlmn  over-esiiinitteil,  to  the  cikI  that 
in  au  case  cxiravj^diit  cxptMiOitures  stiM  he  niude  (or  a  costi)' 
tmfectton  of  alignment  which  the  traffic  will  not  justify  :  bearing 
tn  mind  that  an  un<Jcr-estimatc  of  ad;nissible  expenditure  is 
imply  a  failure  to  invest  a  small  (or  it  may  be,  large)  additional 
inn  of  money  which  would  have  earned  good  interest,  but  wliicli 
may  be  invested  later  at  nearly  if  not  quite  as  good  udvaniage ; 
whereas  an  over-iihera)  investment  of  additional  sums  on  which 
interest  cannot  be  earned  greatly  endangers,  in  [he  trying  years 
which  usually  come  soon  after  the  line  is  opened,  the  permanency 
o(  the  whole  investment. 

la  the  one  case,  our  economy  only  endangers  a  minor  loss,  if 
(be  enterprise  as  u  whole  turns  out  well ;  ami  it  it  dues  not,  may 
«■»  it  from  ruia  In  the  other  case,  our  extravagance  only 
givrs  n«  a  fair  investment  for  a  little  mure  money  if  all  goes 
well,  and  if  it  does  not.  may  be  the  ounce  of  additional  load 
which  breaks  the  back  of  the  enterpri>e.  Our  only  grave  dan- 
ger, therefore,  is  of  error  in  one  direction  only  ;  which  makes  it 
(lie  easier  to  make  an  estimate  of  traffic  sufficiently  exact  for  all 
important  purposes— thai  is  to  say,  one  which  will  be  certainly 
rot  too  large. 

89.  Tables  it  to  17  give  various  statistics  of  the  growth  of 
American  railway  traflic,  such  as  are  likely  to  be  useful  for 
checking  in  a  rude  way  the  estimated  growth  of  traffic  on  any 
line.  The  most  accurate  and  satisfactory  method  for  estimating 
both  traffic  and  expenses  in  any  given  case,  however,  is  com- 
parison witli  the  experience  of  ncigliboring  roads  ol  the  same 
general  character,  because  it  is  much  easier  to  count  on  a  line 
doing  so  much  better  or  worse  than  another  line,  than  to  esti- 
mate the  absolute  traffic  independently. 

Tablet  33  10  37  inclusive,  (or  the  groups  of  State*,  cover  »  period  ex<Midin<t 
Itom  onr  period  o(  hutlnei*  ■ciirlty  to  another.  siiUi  a  leverc  deprcMion  bt- 
iwi^cn.  Table  >S.  (or  ihc  ntholc  Untied  Sulci,  coven  iwa  prrcedini;  and  four 
Mlairinx  y««T»  likewise,  and  bj  compariton  wilh  ihis  labte  the  general  eanttt 
ol  traffic  and  t*Ta\ngt  tat  ibe  Mine  additional  )'ean  can  be  determined  wltli 
dpproxintle  accuracy - 

Alt  tliese  table*  were  compoted  tram  the  lUiisiic*  ol  Poor's  Afamimi. 
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Til*  poop*  ol  Slaten  «r»  lhn«»  o(  Poor'i  JCwhk*/.  which  tw  (or  ih*  jftari  itSa 
iSsa  (or  dculb.     The  popuUlion   uml   (oi  the  (irM  part  of  the  Tible  (iRSi)  ku  ihu  o( 
(ha  Cannu  ol  iSBo,  which  wu  about  ihne  pei  ceat  too  un&IL 

By  a  dUtnenl  Mtjtul*,  ih(  tiunilxr  ij(  iiihubUaiiu,  o(  Mfw  in  roin  'I'd  <ntlon.  <rf 
biuhcli  of  crain  and  bates  o(  oMIcm  [inxluoeil.  per  milF  u(  railvar,  hare  bcvD  ac  (olloix 
lor  the  lut  i«>vii  )isirs.  In  all  cua  ULIde  Ihr  milcagr  and  pupuloilon  a.  (he  dow  o(  Ibe 
TMt  and  Iht  crop*,  tu.,  ol  (hs  prcvioui  lummei : 


Popu- 
toibo. 

Acre*. 

Bu^le  of 
4>nla. 

minor 

Colloo. 

Ml 

4«> 

...J* 

■,M4 

Aw 
■]•>«• 

•7M 

fell 

4t'M 

MN 

Table  22. 

arAiimc*  of  Rktlvue  Pe«  Head  of  Popiilation  and  P«»  Mit.« 
Fi>«  Each  Statk  SBi'AKArKLY— i88i. 

[TltefC  itaiiilla  are  based  upon  the  tame  ficum  as  ihoKGtwD  lor  rronpi  of  Sute*  only 
in  the  Gm  put  of  Table  ai.  The  division  of  the  nulei  ol  nud  iipcriUrd  btlwrirn  lti«  dff- 
fertnl  Sum  i>  ikiI  nact,  ki  dial  Ihc  fi^rea  can  be  tiYudfd  w  apprmimaiioni  only.) 
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Middle  State* 


I^»  MiLI  Raiiitat, 


Souacc       Papula- 
Miles.  KOB. 


3a.  o 

10.3 

ia.3 
3-47 
8.SS 
5.11 


TI.O 


J.67 

{00 

ti.Bl 

9-75 
9.60 
too.  5 

».te 


397 

793 

1.81U 

670 


&;o 


*79 
677 

m 


77i 


PerCeftt- 
Sidiofs, 


19.0 
"7.6 
'5-4 
63.0 

«6-S 
35. o 


37-4 


75. 3 
79.6 
64-6 

19.3 


67.5 


Per  Oat. 

Dpcr»Iinv 
Kiprastt. 


69.0 
64.0 
90.£ 
7<-3 

&|.o 


Cwia  Rxruiue. 


IVt  Mtle 
Rill  say. 


;o.o 


61. 0 

bit 

61. S 

70 

60.7 

83.4 


«4  130 
S'loo 
4.69a 

10.300 
g.9<M 
9.650 


8.490 


61.9 


tj-ooo 
6,850 

15-Soo 

3.SS0 
5.490 

3-6'^> 


1 4-000 


■VrKeiul 
IMpulai'a. 


t6.54 
IU.90 
11.40 
1(1.50 

5-90 
16.00 


I3-IO 


15.90 
aS.io 
33.70 
4.oS 
IS. 30 
■3.60 


iG.jo 
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Table  22. — Continued. 


P»  Mils  Xailwav. 

Percent. 

Sidlngi. 

Per  Cent. 

OpentlDR 
Eipenia. 

GittHK  RlVEKUK. 

Sqiiuv 

MiL«. 

Popula. 
nan. 

Per  Mile 
Railway. 

Per  Head 

Populal'n. 

IS-3 
31.4 
35.9 

33.1 
70-7 
33.0 
100.3 
36.0 
24. 0 

13-4 

603 

338 

738 

j86 

344 

55" 

3.470 

594 
811 
S69 

13.0 
6.4 
7.1 
7-7 
5.0 
S.6 
54 

II. I 

31 .0 

13. 1 

65.6 
66.5 

63 .0 
60.7 
61.8 
69.9 
65.9 
71.0 
67-7 
SS.8 

5.590 

9.590 
3-350 
3.740 
3-910 
4.150 
3.330 

S.oSo 
4.500 
5-590 

7.00 

2.70 
4.04 

6.14 

1.61 

6.43 
1.03 

10.40 

4-3^ 
5.90 

Soaibcrn  Statca 

35.7 

6S1 

10.9 

65.0 

4-550 

5.30 

5.08 
13  .g 
5-65 
5.30 
10. 1 

31. 0 

14-3 
34.3 

303 
400 

331 

18S 

199 

478 
71B 

29.6 
39.6 
37.0 
27.0 
10.6 

7-0 
II. 4 

9-9 

63. S 
68.3 
76.5 
54-7 
59-7 
61.4 
54.0 
64.0 

8.790 
S-850 
5-750 
7.560 
3-930 
4-370 
7.000 
3.570 

ao.50 
13.40 

17.30 

39.05 
14.70 

15.90 
13.60 
13.93 

N.W.  Central  Sutes. 

9-90 

35" 

31.3 

60.9 

6,520 

17.60 

316 
303 

954 

383 

95 

1.9O0 

309 

17.0 

53-7 

1.160 

7-5 
S-9 
5.9 
3.9 

62.8 
61. 1 

58. S 

68-0 

5-170 

6.530 
3.960 
4.480 

46.90 

Fat  W.  andS.  W... . 

61.9 

310 

7-1 

60. a 

6.430 

t6.io 

330 
104 
I4S 
140 
301 
330 

I'lah 

13-7 

49-3 
53-8 
49  5 
56.4 

KevuJa     , , 

8.6ao 

iSi.o 

361 

9.6 

49-9 

(7 -500) 

33.15 

39.0 

4S1 

25.1 

61.9 

7.690 

14.50 
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Table  33. 


Main  Results  op  Opkration  op  the   Railways  op  trs  New  England 

States,  1873-1881. 


Yua. 

Popula- 
Hon, 

Mil« 
Railwa)! 
Opermted. 

RFTCnuc. 

1    =   ft  ,000.000. 

Di  vi- 
de Ddi. 

Rerenuc  per  heid. 

Rei. 
per 

Mile. 

pan. 

Fght. 

Tol-i 

Nil 

Pus. 

Fght. 

ToIlL 

r=  r^Lna 

i»73 

« 

S.6'1 

M.36 

311,11 

ij.gj 

50,06 

13. o£ 

ltt.71 

Q,oo 

B-5I 

fi.lS 
6.00 

8,03 
7.SS 

14, iS 
'3-53 

9  7J 
8  91 

'■7S 

sua 

i.73' 

JI.;B 

afi  SS 

48  33 

ij.ji 

8.79  1  s-80 

7.10 

TT.90 

8,4, 

iM 

7J 

)B 

« 

3.801 

3<53 

3.BSS 

S.7S3 
6,o}6 

^0,51 
90.07 

IJ.SJ 

SJ.I4 
34.51 

3}. Si 

4ST« 
44S9 
41.it 

4I-33 

IJ.JB 
■174 
IJ.S9 
'5  S9 

7.6t 

7.S7 
7- '4 

3-44 
5.3> 
..to 
4  tS 

6.j6 

6.00 

6  0? 

19.11 

II. )7 
10.60 

IQ.47 

7  »» 
7.II 

T..8 
671 

iBSa 

4.010 

6.071 

ig.jj 

'9  44 

48,7* 

■  7'» 

a. 00 

4Bj 

7  37 

IT.  14 

S.u 

lUi 

4.061 

e.isi 

».i7 

JJ.7I 

ja.as 

IS  9" 

11.14 

*.9» 

ftiOS 

ti.oj 

SlJ 

Table  34. 

Main  Results  op  Operation  op  the  Railways  op  the  Middle  Statbs, 
WITH  Makyland  and  West  Virginia,  1873-1881. 


VRML 

PopuU- 
lioa. 

■  ^00^^. 

Mile* 
Railway 

Openiled. 

ReTeniK. 
1  =  $1,000^000. 

Divi- 
de ad  >, 

Reveaue  pet  head- 

Rer. 

mT^. 

Pus. 

FgW, 

Toul 

NCL 

Pui. 

Fght. 

Tolal 

1  =I.0OI> 

74 

10.913 
ii.i»3 

".44" 
l«.»7« 

41-36 
41,70 

•44B 

.B6.S 

6a.  3 
90.1 

3«.5 
37.6 

j.BS 

3-36 

13.90 

13.00 

■  7.78 
16.16 

■  s-s 

'4-3 

■!7S 

11.331 

I3.173 

40.77 

>34H 

■73. 7 

fij.6 

»•* 

360 

11.84 

IS  4-1 

'3-3 

1876 

77 

78 

n.SHo 

1 1.749 

11. 1^7 

"3.6*7 
13,(07 
14,600 
14.94' 

47-48 

39.36 

3-5.93 
43  1° 

13D-1 
116.7 
119  i 
117,1 

'77  6 
15i-9 

'70  3 

65.4 

61. a 
70.4 

13.7 
14.9 
%%-t 
■3.9 

358 

4,10 

3-3» 
3.00 

3' 33 

13-91 

11.30 

9,90 
10.00 
10- 4S 

16.49 

14-40 
13  "4 
13.™ 
14.00 

MS 

■J- 3 
■  >.« 

ro.A 
11.3 

18B0 

11.376 

l4,BSl 

44-97 

1S4-0 

199-0 

83.9 

•B-5 

3-63 

11,40 

iS-03  '     i).3 

1I81 

li.jBs 

16.JI3 

49-^1 

■78-J 

••64 

84.9 

33-3 

3  97 

14. K 

lB-17 

.4.1 
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TABit  2S. 

Uajk  Rxiulti  of  Opbkation  of  the  Railways  of  the  Southern  States, 
(South  of  Potomac  and  Ohio),  1873-1881. 


Yui. 

PopuU- 

UOD. 
1.000,000. 

Mil« 
Railway 

Opcnilcti, 

RcYcnut 

1    ^    f  E.OOD.DOO, 

DiT<- 

deodl. 

RcTenue  per  head. 

Rc*. 

Pb«. 

FRhi. 

TduE 

Net. 

P>u. 

PdHl. 

Total 

1=  1,000 

ii.ig£ 

1J.908 

IS. 30 
.4..3 

j5.39 

Si. 70 

51, a6 

la.ij 

T7,a7 

O.QO 
l.OJ 

i.3« 
l.afi 

3-4' 

4.9j 

3-W 
3.86 

»J:' 

I1.J70 

'J-S" 

ij.M 

36,  S3 

-■*■■*" 

W-8. 
41.60 

i«.74 

I. so 

t.7> 

3  " 

4.44 

3-73 

7B  .  .. 

"■S« 
'        11.718 
j         K.lql 

i         IJ  0A6 

11.37a 

11. W 

9  It 

ii-n 
11.3a 

3i.B7 
•4.86 
H.jB 
3>.«a 

17. ij 

11. 6C 
14.33 
14.67 

1.96 
».7« 
I.Bl 
i.ij 

1,03 

0.84 

3.37 
».» 

a.6« 
a. JO 

4.40 
3  38 
3*! 
3.«* 

3.64 
3. S3 

343 
,.B 

A-:.  .... 

11.  (41 

'].h9 

19. 4t 

3J-8r 

(S  3> 

iS.ii 

3  S3 

a.g« 

3.10 

3.»« 

3.56 

iWt 

I»4'S 

if.ocn 

17-" 

4fi.6j 

63  ■74 

M.14 

3-N 

1.38 

3.j6 

S-M 

4-7' 

Table  36. 
Uain  Results  of  Operation  of  the   Railways  of  the  Western   and 

SOITHWF.STERS    STATES  (ALL    NORTH   OF  OHIO   AND    WeST   OP   THE    HlSSIS- 

S1VFI  AND  East  uf  the  Rocky  Mountains),  1873-1881. 


Vaia. 

PopuU- 

MilH 
RuIhbv 
Operated. 

RCTCDUC. 
1  =  $1 ,000.000. 

Divi- 
dcndi. 

RcTcnue  per 

bead. 

Rev. 

P». 

Fghi. 

Toul 

Net. 

Pau, 

Pght. 

Total 

[=   l.OOO 

■f73 ]        16.0IS 

33.619 

ji.6a 

S6.7B 

160.1 

isB.i 

ail  .7 

314  9 

7a. s 
7i-S 

19.06 
16.61 

3-33 
3-4' 

10-00 
9-S3 

13,33 
11.9s 

6,4a 

6.D1 

»»M 1        17-lH 

36.oiB 

■ 

M.99 

4336 
44.44 
49.00 
«-45 
64.10 

iji.a 

»e.a 

7J.6 

19.33 

3.11 

8. So 

11.01 

5.73 

•"«   

77 

tI  .... 
'/    .... 

17. 7  It 

II.B47 

19.411 

3*.7J3 
J».'3« 
4'.6»J 

44.104 

143.9 
148.8 

160.9 
1)7  9 

189. 1 
193.1 

1C9.9 
133.4 

63  9 
66.1 

76.0 
99.0 

17.39 
14.56 

'9-34 

3 -4! 

3-43 
a,6D 

a. Bo 

8.07 
8.13 

e.si 
9.16 

10.53 

10.56 
11 -IJ 

11.96 

i  9S 

4.95 

S-OJ 

5.37 

l^H       ..- 

19.976 

4J,9" 

aj6.5 

790,6 

IfS.S 

33." 

3" 

11.30 

14.51 

6.34 

\A\ 

ID.  MO 

S3."4 

71.40 

•73  0 

344-4 

.34.  B 

40. Sj 

348 

13.3c 

16.78 

6.49 

^^1       94 

n 

n^^^^^^i 
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Table  27.                                                        ] 

^B                Haim  RssvLn  or  Oi-ikatiok  or  thk   Railways   or  tmb  PACirtc  Statsc.        j 

iB;3-iSSi.                                                               ■ 

^^^H 

pMoU- 

Ibn. 
1  = 

Mile* 

Rallwav 
Operated  r 

1  =  fi^iunAA 

dend». 

RnVDiw  ptr  liMd. 

RCT. 

Hill. 

Pu^ 

Kk1>i. 

Toul 

Set. 

P*a. 

t.i» 

TctaJ 
'4« 

^M                 

1.1  n 

ij6ii 

(j*) 

(>esl 

(■«.•> 

'».il 

(t.fl 

|i>A 

IB,  3 

^H              u 

lilt    1         lAy, 

i.»t 

te.<l 

■*.« 

>>> 

J'4 

»*» 

i«j 

Ml* 

•0  • 

^B.                      't7S 

i.»*6     t          l.MO 

it    JO 

IJ.W 

»-M 

11.  •] 

S  U 

»,to 

'»-»» 

II  J 

^^H           

*-yn 

i.Wr 

»■*< 

lA  J7    H-ol 

>i.r» 

*n 

"S"  l'»« 

l>.« 

^^^H          n 

t.y» 

j.itfl 

I«« 

l«  S6    X.AJ 

II  jt 

<!> 

S-l« 

rr.io  117. M 

T.« 

^^^1            

1.41} 

».*>» 

»  SI 

■  7!)    (t.tS 

11.97 

tfr-s) 

SOT 

■tDr 

lis* 

7-4 

^^^V          ra 

l.«*l 

).!»! 

I.KO 

Il  08'    lA.M 

9OT 

1.6) 

I'W 

II. IT 

ll.lD 

»■*• 

^m 

l.»ll 

■■e>j 

1  t> 

n.o»'  rt.j* 

«.» 

IW 

5.M 

l»,|7 

iO,«o 

l»« 

7» 

6m 

^^^m 

ID.  II 

»*■«'  »••»* 

>!.«« 

)H 

».i>a 

u.tt 

Tablb  2&                                                  1 

^^^m        Maik 

uuLTs  or  OpxtuTioN  (iv  tkk   Railways  or  tiik  Emtiiik   Uxinti^ 

STATia.  1871-1885. 

^^^1 

Ptoauli- 
Ifon. 

I4OO0,DDD- 

MI1« 
Operand. 

Rciennt. 

DiTi- 
deni]>. 

IUt. 

Mill. 

Pua. 

Fcbi. 

Tout 

S«. 

Pw. 

F(hi. 

Toul 

(-  I.1WB 

^^^^^H        iftfi 

».!*! 

«■•■« 

•«•  « 

4"J-» 

Ml.» 

S«» 

..76 

7« 

ig.>D 

tm 

^^^1 

»o,0^ 

ir.>»i 

')•■» 

MO.» 

*•».• 

itj.a 

«4.* 

).M 

■  *s 

no* 

(M 

^^^^H              T1-.  -.. 

«i-Tn 

M.IJT 

ijt.t 

|>9a 

5**.4 

ii),« 

(f.l 

»-J» 

».3» 

»  fo 

T.fll 

^^^H         M 

4*.Sm 

69'>T1 

141. a 

179.} 

S»o.» 

i8«.« 

»T,<, 

yif> 

S.Si 

n.ij 
II. u 

I » 

^^^           l»M 

WW* 

j>-r» 

ll»  1 

)»4.A 

W  1 

ilS.j 

»» 

»■« 

.„ 

7f 

^K                   

4S-i«r 

IJ.SO« 

l|ft,  1 

|6i.> 

«T-1 

.to.J 

U.o 

J.O. 

S.CD 

11.01 

»-» 

^^^^          »» 

^3V* 

?«■'■« 

..(,• 

Mr» 

4ri « 

1H,I 

J«* 

t.Jl 

t-s» 

M.ll 

«» 

^^H           

«.9t: 

?)■*«« 

H4.6 

j»j » 

«o.t 

i!7-« 

)>.« 

l.tl 

7,4. 

»■•( 

4. 11 

^^^H         n--  ■■■ 

4"I1 

tj,n] 

III.) 

)».T 

)»♦.'> 

"»■» 

fa.T 

».9» 

J.*' 

If-  Si 

4t> 

^^^^^m 

Jo'» 

St.HJ 

'*7.J 

rfTf 

*-».. 

»)»• 

»  ' 

•  M 

O.jt 

n.»S 

f.Ji 

^^^B 

»'-*»' 

M.4K 

>?1.« 

tii.s 

m.j 

»»•.» 

«-J 

l-» 

M.r* 

'«.«• 

»■»» 

^^^H           

t.*Mi 

n.iv 

•tt  1 

tt,.a 

nt.o 

rt,,« 

»>• 

»J« 

»■*> 

.,-». 

7.4. 

^^^1 

»4.»J" 

tiaiAifi 

M«B 

tM'S 

1..7.1 

.»..« 

101.4 

|.ft> 

».0« 

M.Bi 

r-M 

^^H          

«J»J 

"J.<T1 

•s«.t 

)a.4 

7«)  J 

i«.S 

»■• 

»■»• 

,«» 

IJTO 

.« 

^^H 

R.— 

■tj^ia 

!-■• 

ftftr 

»«J5 

•M} 

W-» 

J*» 

•  w 

.»*« 

■ 
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M.  Experience   lias  shown   that  thk   pRonAnUR  number   op 

TKAIMS  rEK  DAY  is  at  once  the  most  convenient  iind  ihc  muM 

exact  basis  for  arriving  at  estimates  of  probiible  future  iniffic, 

and  especially  expenses.     It  is  the  most  convenient,  because  it 

caa  be  more  easily  Btid  more  correctly  anticipated  than  any  other 

Item  of  future  business, — as  lonnage,  for  example, — and  also  be- 

ctuie  vre  use  the  same  unit  for  alt  our  traffic,  both  fteight  and 

puienger  ;  and  it  is  the  most  exact,  because  it  is  by  very  much 

tlic  muiit  uniform,  measure  of  operating  expenaeK,  the  cost  of  a 

Inin-mile  being  very  nearly  the  same  whether  the  trains  arc  run 

full  or  empty,  or  long  or  short,  and  not  being  materially  difter- 

eal  for  freight  or  passenger  service,  although  usually  less,  by 

o«e  third  to  one  fourth,  for  the  latter,  as  wc  shall  see  hereafter. 

Assuming,  therefore,  this  basis  for  estimates,  it  mny  be  nl- 
wayi  anticipated  that  there  will  be  one  passenger  trtiin  per  day 
each  way,  and  that,  unless  the  traffic  be  exceedingly  limited,  this 
train  will  be  exclusively  for  passengers.  Mixed  trains,  so  called, 
are  in  but  little  and  decreasing  favor  with  railway  managers,  al- 
though ll  is  not  always  possible  to  avoid  them.  When  used  at 
all,  they  are  usually  nothing  more  than  freight  (rains  under  an- 
other name— accommudations  (or  a  few  passt-ngcrs  being  added 
chiefly  as  a  convenience  to  special  classes  of  travel,  in  the  hope 
that  such  additional  convenience  may  have,  as  it  usually  docs,  a 
favorable  influence  on  the  volume  of  travel.  With  freight  trafBc 
of  course  no  such  motives  intervene  to  modify  the  number  of 
trains,  so  thai  mixed  trains  are  always  freight  trains  carrying  a 
few  passengers,  and  never,  in  regular  service,  pa»sengcr  trains 
carr>-ing  freight. 

87.  Therefore,  under  the  most  unfavorable  circumstances 
there  are  pretty  sure  to  be  two  regular  trains  per  day,  one  pas- 
senger and  one  freight  or  "mixed"lrain.  over  lines  of  any  length. 
Less  than  this  ts  certainly  never  contemplated  on  lines  built  as 
private  business  enterprises,  unless  on  very  short  branches  built 
as  feeders- 

W.  The  point  at  which  it  becomes  reasonable  to  anticipate 
ninning  two  regular  passenger  trains  daily  is  more  difficult  to  de- 
termine. 
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Iti  the  Nurt1iea*terij  third  o(  the  United  Siatcs,  ns  may  be 
seel)  by  examining  any  railway  ^ide  only  a  very  »man  propor- 
tion of  the  minor  branch  lines  run  only  one  passenger  train  a 
day,  and  but  a  very  few  of  the  lines  nin  as  few  as  two  passenger 
trains  a  day.  In  tlie  Noiih  Central  United  Slates,  including 
both  slopes  of  Mississippi  Valley,  two  passenger  [rains  per  day 
may  be  said  to  be  the  rule,  exceeded  only  in  the  more  populous 
regions  and  on  the  imporlant  trunk  lines;  but  only  a  small  pro- 
portion of  llie  lines  run  as  few  as  one  train  a  day.  In  the 
Southern  and  extreme  Western  Slates  the  mileage  may  be  said 
10  be  about  equally  divided  between  one  train  per  day  and  two, 
only  a  few  leading  lines  or  sections  of  lines  running  more  than 
two  trains  per  day.  In  I^ngland  and  on  the  Continent  the  aver- 
age number  of  passenger  trains  per  day  is  mucli  greater  than  In 
the  United  Slates,  except  in  the  extreme  Northeast:  but  this 
distinciion  Is  constantly  growing  l«s  with  Ilic  rapid  increase  of 
population  and  wealth  In  the  United  States.  Tables  29  to  78 
civc  many  statistics  of  the  average  number  of  trains  per  day  on 
single  roads,  and  in  groups  of  States. 

89.  There  are  immense  local  fluctuations  in  every  State  and 
Territory,  but  as  a  rule,  when  the  conditions  are  at  all  favorable 
'or  the  development  of  passenger  travel,  a  minimum  of  two 
trains  per  day  may  be  looked  for  with  some  confidence.  This  is 
especially  prob:ible  because,  In  order  to  encourage  and  develop 
traffic,  it  becomes  expedient  to  put  on  tivo  trains  a  day  long  be- 
fore a  single  train  becomes  so  crowded  as  to  actually  comjiel  iL 
The  greater  facilities  so  offered  are  almost  certain  to  add  a  con- 
siderable percentage  to  the  aggregate  travel  and  revenue ;  and 
as  the  actual  additional  cost  of  the  extra  train  is.  on  the  contrar)', 
but  a  small  percentage  of  the  average  cost  per  train-mile,  such  a 
train  is  almost  always  put  on  long  before  the  mere  statistics  of 
tickets  sold  begin  to  indicate  that  it  is  a  necessity.  It  is  impos- 
sible, in  fact,  until  the  volume  of  travel  becomes  large  and  the 
number  of  passenger  trains  at  least  two  or  three  per  day.  to 
make  any  attempt  to  regulate  the  number  of  trains  so  as  to  have 
ttiem  run  full,  without  serious  injury  10  net  revenue. 
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90.  Beyond  three  or  four  trains  per  day  tlicrc  is  much  less 
vecck^ity,  a%  a  rule,  to  add  trains  to  accommodate  and  develop 
;  travel  uotil  the  Mating  capacity  itself  becomes  too  small ;  this 
being  one  u(  the  many  cases  in  which  "  the  destniction  at  thn 
poor  is  their  poverty,"  Nevertheless  the  rciitlis  o(  experience 
with  even  the  heaviest  traffic  is  that  it  docs  not  pay  tu  scrimp 
train  facilities.  Certain  trains  carry  enormous  loads  and  bring 
up  tlie  average  materially,  but  a  multitude  of  trains  carrying 
much  li{|;htcr  loads  arc  run  with  the  heaviest  traffic,  at  frequent 
intcrrals,  bringing  about  the  close  correspondence  in  average 
mlD->oad  on  roads  of  widely  diSercnt  character  shown  in  Table 


«>• 


Table  29. 
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^H         Tke  Lake  Sbor«  And  MlehlfAn  Southern  RaIIwaj  being  »ne  ol  ihe  lew  Im-           ^^H 
^^H       portAiU  Ubm  ifbich  havr  been  operated  under  subslAnllally  aimllar  condllioflt             ^^^| 
^^B       and  «ttb  MbttAnliiUir  lli*  same  milca)^  and  molivc- power  for  Afleen  years,  rit             ^^^| 
^H       Hatitilci  have  aa  e*pcclal  inierett.  And  Tables  30.  31.  and  31  Are  added  tot            ^^H 
^H      ihAi  muon.                                                                                                                        ^^H 

^H           It  is  not  expedient,  nor  indeed  possible,  therefore,  to  base          ^H 
^H     cstiiDAtes  of  the  probable  number  of  passenger  trains  on  estt-          ^^| 
^H     mates  or  statistics  of  ihe  probable  number  of  passengers  to  be          ^^| 
^H     cjuried,  furtlter  than  to  assume  that  the  sinuller  the  traffic  the          ^^| 
^H      smallerwill  be  the  iivcrage  number  of  ptissengcr^  per  train.                     ^^| 
^^k           9I<  The  same  is  true,  in  less  degree,  even  of  csiimaies  of  the          ^^| 
^1     probiiblc  number  of  freight  (rains.     It  is  not  correct  to  assume  a          ^H 
r           certain  tonnage  to  be  moved,  divide  thai  by  the  load  of  a  car  to          ^^| 
^_      ][ei  the  number  of  loaded  cars,  divide  (hat  a^atn  by  the  number          ^^| 
^^k     *\i  C£m  per  train,  and  so  get  the  numlier  of  trains.     There  is                ■ 
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always,  in  the  first  place,  a  certain  wastage  of  capacity  amount- 
ing to  anywiiere  from  ten  to  thirty  per  cent,  according  to  cir- 
cumstances, which,  if  the  traffic  is  to  be  estimated  on  the  basis 
of  tonnage,  must  be  allowed  for.  This  wastage  also,  as  with 
passenger  business,  is  a  much  less  serious  matter  on  lines  of  large 
traffic,  especially  those  with  a  heavy  excess  of  tonnage  in  one  di- 
rection; for  in  this  case,  although  the  average  car-load  in  both 
directions  is  much  reduced,  yet  in  the  direction  of  heaviest  traf- 
fic the  obtaining  of  full  loads  is  facilitated.  A  very  heavy  dis- 
proportion of  traffic,  from  three  or  four  to  one,  exists  on  nearly 
all  east  and  west  lines  in  the  United  States  ;  and  most  of  them 
succeed  in  filling  up  their  average  car-load  and  train-load,  in  the 
direction  of  the  heaviest  traffic,  to  very  nearly  its  nominal  ca- 

Table  33. 
Growth  of  Avbragb  Fbeight-Train  Load  of  Vakious  Roads, 

1873   TO    1885. 


NftW  VOKK  TkUHJf  L]HK!l. 

H 

IHOI  T*UNX  LiM 

KS. 

yt«. 

N.  Y. 

CCDL. 

N.  v., 
L.  Eric 
4W. 

Pcaoa. 

Alb. 

Del.. 
Luck. 
AW. 

Cu. 
So. 

Mich. 

CCDI. 

Pill!.. 
Fl.  W. 
iC. 

P..C. 

ft 

S[.  L. 

119 

Ill 

132 

1i 
81 

•9 

»9 

»3 

79 

166 

■M 

iiS 

St 

»J 

'3J 

9« 

9l 

i«6 
t86 
19' 

.38 

MS 
■46 

'81 

rjj 
tjo 

«7 
8t 

f 
94 

83 

93 

IJJ 

190 

'« 
i)t 
.67 
'95 

97 
1 16 

lit 

14a 
■  16 

T« 

So 

>IV 

91 1 

■84 

«J       

lol 

"5 

t66 

91 B 
119 

SOD 

196 

9ie 

III 

"5 

■  I4 
'»9 
'»9 

104 

ID] 
K>6 

9" 
16 

99 
99 

•M 

1B6 

'3' 

■3' 
'J9 

■5S 

184 
19a 

its 

161 

•j 

104 

«7 

«9 

109 

107 

801 

■" 

iBi 

CUAF.  tV.~PKOBABLE  VOLUME  OF  TRAFFIC. 


to  I 


Eitr.  Ncvcrthrlcsx,  even  on  such  lines,  fliictuMlioiis  and  iiicg- 
irities  of  iraflic  Are  always  so  great,  that  it  is  no  infrequent 
spectacle  to  sec  trains  running  light  in  the  direction  of  heaviest 
traffic  :  and  the  difficulty  of  fully  filling  up  trains,  of  convsc,  be: 
comes  much  greater  cs  the  lonnag^  is  k.-s^  Or,  as  al.cutly  stated, 
when  It  is  neatly  eqiial  in  caclt  '<!iiection.'  There  is  also  always 
one  train  per  day.  ttie  way-freigtii,  which  averages  little  more 
than  one  hall  an  ordinary  train-load,  owing  to  the  irregular 
service. 


Taule  ZZ.~~C<intinued. 

PiMSSYLVAXiA  Railroad,  bv  Hai-f-decades. 
(For  itc  Bfaits  (or  tuch  jrtar.  Mid  let  dintiion  of  htavim  IniAVc  ool^,  sec  Index.) 
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IWki*  the  crou-lina  Is  Ihe  lerond,  IlilT^.  and  filth  columni  Iheic  wii  a  larcc  Increase 
ol  mikacB  opcraircl.  u  sbo  in  tonw  caM*  nnl  nurknl.  Uon  ul  ihe  other  1  neii  in  wbkh 
iW  tnlo-load  ha*  decreuod  an  du«  to  a  faUiac  off  in  tola)  lon-mikacv- 


I02 


CiiAP.  ly.—PKQBABLE  VOLUME  OF  TRAFFIC. 


The  cnorinoui  incteaie  In  averftge  freight-ttiin  loads  which  has  lakcn  p1>;e 
in  rcijcnt  year*,  without  nny  considerable  changn  of  gtades,  and  often  wilbout 
much  chanKc  in  the  malive-power  likewise.  Is  shawn  In  Tab!*  33,  as  tiltu  in 
Tab^  jOricd  o[lient. 

92.  NcfCithclesJc.'i^  KtJIt  rhnuittis  Iiiie  tbat  in  the  main,  ex- 
cepting the  "  way-(rcigrit,"'the  fycTght  traffic  can  be  and  is  reffu- 
latcd  in  close  accordance  with  the  voluihc  which  olTers  from  day 
to  day.  So  many  frciRhc  ii-ain'<',  usually  Crom  two  to  six, arc  pm 
upon  the  time-table.  If  more  aie  needed, " extras" — a  train  run* 
niiig  behind  another  train  and  "  on  its  lime,"  but  with  a  certain 
number  of  minute>'  iniervut — are  added,  so^lc'Eimc^  to  the  num- 
ber of  a  doi!cn  or  twenty,  and  very  [ret^inrnily  from  two  tn  six; 
the  leading  train,  dnri  cacli  succeeding  "extra"  except  llir  last, 
carrying  a  red  "  Rag"  as  a  signal  that  atioiticr  train  having  its 
limc-tablc  "righis"  is  following. 

On  the  other  hand,  if  less  trains  are  needed  than  appear  on 
the  schedule,  such  and  such  trains  arc  abandoned  for  the  day — 
often  for  days  and  weeks  together,  even  when  other  trains  are 
running  extras.  A  near  approach  10  conditions  which  actually 
obtain  in  practice  will  be  given  by  assuming  that  the  number  of 
daily  freight  trains  will  always  be  one  inure  than  is  nominally 
required  by  ihc  tonnitge,  and  oflcn  more,  the  office  of  Uie  extra 
trains  being  simply  to  serve  as  ct|uaUzcrs. 

93i  Tbe  limc-lahle  or  Hrhedule,  in  (act.  i*,  as  tPKatdi  (reJRht  iiafitc.  notKlag 
more  ihaii  a  toi*  of  hooks  to  hanf[  the  (rainii  on  as  required.  It  one  or  a  dozen 
()(  the  hooki  lund  empty,  no  great  harm  ii  done.  Ai  iraini  come  in  or  ar« 
maile  up.  they  arc  marled  off  «»  either  "rceul«f«"  or  "eslra*"'  indifTcrrnil): — 
nhlchevrr  will  give  ({uickeil  dMtiaich  :  tome  little  Hlort  beinfi  made  indeed  la 
tend  out  at  Icail  one  train  on  each  ichedule  irain'i  time,  on  account  of  the 
practical  inconvenience  and  danger  «(  (requenl  abaiidunmcnl  iil  icHin*  :  liul  the 
chief  purpoKC  in  prtparniK  f(el)thi  ichedulct  it  nut  10  ^ive  a  leparatc  time  10 
each  train,  which  are  often  behind  lime,  hut  to  altord  an  cMabliihed  method 
for  dcipalchinjt  regular  tralni  promptly  ai  any  hour  detircil.  Mme  <.>r  lenit  uoi- 
lormity  naturally  prevail*  in  the  buiincM  from  day  to  day,  liul  there  is  also 
much  irre^larity. 

On  the  crowded  Eastern dirisionof  the  Erie,  ninning  oflcn  abundred  train* 
per  day,  there  arc  but  two  regular  scbcdoled  trains,  one  for  A.M.  and  ooa  to< 
r.M.,  and  all  olkcrs  arc  tun  a*  teclions  <■(  Ifait  train. 
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94.  It  thoidd  b«  ncnitoaed  «lao  ihtt,  <n  attemptint  ta  dnw  eonctusion*  w 
«v  prolMble  ItAffic  Iri»n  auiislic*  as  la  "milei  tun  by  Ireight  irain*"  on 
tMtthborIng  Toadt.  nich  »t«liHica  mutl  be  accepted  with  Ihe  gicaieii  caution. 
An  luilortanate  cutloai  cxUl*  of  comparing  tocomoiive  eipctiso  uo  the  bails 
cil  the  eaxiao-milo  inMud  ol  the  CH(-milc.  and  At  a  (ii(iiie(|uerce  .1  h»bil 
kM  atiMB  among  mailei  mechanics  and  other  oRiceri  uf  exagKeraiin^  the 
•witth-ing  mllease  (irhKti  i*  heavy  enough  at  best)  in  every  poislble  niiinnef,  bir 
ktatir  aUonanco*  («r  fwiichioK  ai  tutiooi.  and  (or  runninic  i'>  and  from  the 
rawid-kiUM.  Ins(.-ince«  m>|{hl  be  Riven  in  which  (he  excrii  uf  (his  nominal 
■Ucate  over  (hat  Mtuallj'  run  between  termini  amounicO  lu  nearly  one  fifth. 
Mrpendeni  of  tbe  BMal  and  tegulat  swiicbing  allowance  of  to  maay  miles  per 
teal  to  iviicbiciic  englnei  proper,  whkh  i*  separately  civen.  Thit  fact  Ik  im- 
funanl  Vt  rememlief  not  only  In  eailnialins  the  volume  of  traffic,  but  alio  in 
cKiBHling  )o<uniotl(e  expense* ;  (ot  most  rooiJi  make  more  or  leu  allowance 
(tf  mlleaK*  auiiiile  of  ilic  regular  revenue  dlitHn<:e.  and  it  is  alwaya  more  or 
lcMdtt:(p<ive.  c(>nM<|uenily.  to  UMt  ludi  data  1.1  nco  net  led  fur  ettimates  of  eosl 
in  revenue  irajn  mile-  (Vbenever  there  is  a  marked  diicrepancy  in  the  co«i 
pn  iriin-inile  on  nni liar  roads  thlccauac  mar  wiih  mime  conAdcnt'c  be  regarded 
u  the  tnic  etplunailuu.  Some  intsooablc  approuch  to  a  correct  enilmaie  of  the 
prolublt  tralDc  can  Ihu*  be  made,  by  a  little  eflnri,  Iruin  g<iibli  klied  slalislict  a( 
Tariovi  toadi  aad  towns.  onteM  in  a  tegiiin  wli^ch  is  entirely  new  to  the  rail- 
way!, or  lor  other  «KCGpIio>nai  caa»es.  The  EoUowing  statialica  vrill  alao  be  of 
MMlance: 


9S.  The  average  payment  to  railttJ.tris  of  each  man.  woman, 
Ood  child  in  the  Unilc«i  S(itle:t  now  average*  about  $1^.50,  of 
which  about  Sj.50  \%  for  pawengcr  tratisportatitin  and  %\ci  for 
freight.  Tabic  34  and  several  others  (sec  Index)  give  further 
statistics  for  various  groups  of  States,  but  the  fluctuations  from 
such  averages  ore  of  necessity  great.  Points  which  arc  centres 
of  manufacturing  and  iranK|K>rtati»!i  interests  will  have  a  many 
times  greater  traffic  than  this  to  dispose  of :  while,  on  the  other 
hand,  there  are  few  local  stations  which  will  fall  very  far  below 
it,  the  great  excess  of  the  few  points  being  compensated  by  the 
great  multitude  of  small  deliciencies. 
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MM.    Pr*iK« 

MM  ,.    Aatrte 

MM...   luir 
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H.iadW.U.S 

I        ToUlO.S 
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I«^ 


•  » 

e.ot 


t.9* 


CToul  oiallcirDinEi.  St.»i),. 
I    "  "  ■■         1*41.. 

(     "  ■■  "         |.«l>.. 

(     ■■  ■■      .     ■■         ..Ml.. 

(     ■■  "  -         o.(jJ. 
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n^*)- 


'••■I- 


r  fAr  #Anv  ilatiilici  nt  may  ientliiir  Itut  ihc  aTFri|:F  rciFnue  to  rallwiya  from 
■A  InhttiiUBI  ol  Ibe  diflcrrnt  M^iona — bmnnc  m  miuil  Itiai  much  of  the  iiunk-line 
Mfit  tnJTic  cradiud  lo  ihc  UlddLc  bui«  li  ia  noJiir  a  part  of  New  Engltrid  and 
WoMM  p^ifiHi    '■  Ctvtncr  of  |SS>>-8.U  .tbout  u  lollovs : 


Xn  Bvl»4  Slawt 

MMMSUMS 

VoMrn  iBd  SonihwoMni  Sum. 
FMOcSutia 


P>M. 

)  S" 
J. 00 


■  t.os 


Toul, 

llJ.OO 

M.JO 

.4.511 
19,50 


Kan  Kind  fron 
4.c«io    >«,w 


Amoc*  of  all  Konbcn  and  Wn  Slate*. 
SaBbtnSuend-  dI  Mm  Rl>v()...... 


J-»9 
l,4n 


3        f 


1  s» 


A*a>ac  o(  Ite  cMiK  U.  S. 


Tkt  ftutuatiaHt  frvm  ytar  10  year  baidlir  ewwd  to  lo  1 ;  ptr  ceot  mem  or  Icai  of 
ihst  arenps.  Thse  a.  ha««v«r.  a  cradual  yeortr  ^rowlli  ia  Ihr  ptymcnti  prr  inhab(> 
ttd  «mo<Mil>m  to  an  arancc  ol  ptrhapi  ooe  per  cerI  per  annum,  due  breelir  lo  ohm* 
(Bttiidtjul  in  CItapler  XXI. 

77if  jtmliarumi  in  fAr  »Ttra/y  f^yntnir  ef  diffirtHi  hcalafn  an  oatSoabMa- 
nntK.  19  nia;  be  lEco  fmn  ihe  xaiisila  in  oOitc  lobln.  Th«  Slat*  of  Fl'irida  11*711  but 
%i.to  pa  uuwai  la  il*  railwar*.  Thr  Ian:«r  F.mM(rD  cities,  probably  tr>  pet  head  at 
iaut.  Therr  arv  doobtlmi  comidtfablr  wcliinu  o(  e«ell  of  Ihe  Suta  in  ihe  Above  eroup* 
vtaere  the  parmenu  tntj  be  ■>  low  m  hall  or  a>  hi)>h  ai  double  lb*  avenc*  I"'  t'"*  whiilo 
croop  of  Stalft.  Tir  tmk-h'itf  txpert  Irafie  nwalituta  only  an  insienificanl  fiactiOB 
<A  iht  tot^  rmnsr  of  United  Stales  nilvajn,  lar^  m  It  it  ataolutcl;. 


CHAPTER  V. 


OPERATINO    BXPEKSES. 


96.  We  may  gain  a  profitable  insight  into  the  general  nature 
o(  llie  lauses  which  modify  operating  expenses,  and  especially 
of  the  effect  thereon  of  diflerences  of  alignment,  by  first  consid- 
ering them  in  a  very  general  way.  neglecting  all  detail. 

We  have  previously  (Chap.  IM.)  compared  the  railway  to  a 
great  manufacturing  cstablistiment — manufacturing  transporta- 
tion. It*  iipeialing  expense*,  to  carry  om  the  analogy,  should  be 
only  another  name  for  the  total  cost  o(  producing  <hc commodities 
which  it  sells  ;  but  as  a  matter  of  fact  this  is  not  the  case.  The 
interest  or  "  rental "  charge  on  its  real  estate,  and  on  most  of  its 
m.-ichincry  and  plant — the  heaviest  single  item  by  far  in  the  real 
"nprr;iting"  or  manufactnring  expenses — is  never  included  in 
what  are  called  the  operating  expenses,  but  constitutes  the  FrxF.D 
CHARGE  for  interest  on  bonds  (see  Figs.  i.  i,  3).  Counting  in 
the  "fixed  charges"  as  part  of  the  "operating"  or  manufacturing 
expense,  the  latter  never  amount  to  much  less  than  80  per  cent, 
and  from  that  to  considerably  over  100  per  cent,  for  long  periods 
of  time.  The  aveiage  for  the  whole  United  States  is  somewhat 
under  90  per  cent,  leaving  but  little  more  than  10  per  cent  profit 
on  the  goods  »old  to  be  diiitrihuied  to  the  managing  companies. 
Under  favorable  circumsunccs  this  profit  is  as  much  ai  15  or 
20  per  cent ;  vcrj-  rarely  more.  Tables  35  and  36  give  a  clearer 
idea  of  the  law  in  this  matter. 

97.  As  these  fixed  charges  increase  in  somewhat  faster  ratio 
than  the  cost  of  construction,  and  arc  the  same  per  year  whether 
the  business  be  targe  or  small  or  none  at  all,  the  great  impor- 
tance of  (t)  diminishing  the  expenditure  for  construction  as  much 
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Table  39. 
Stock  ahd  Bonds  Pek  Mili  or  Road  by  Sictions  of  ths  Unitsd  States. 

laao. 


(fvovn  OP  Stato. 

Mile*. 

Stock  akd  Bonds  Pbi  5 
1  =  9i,ooo- 

■u. 

RcTenue 
per  Mile. 

T  =  $1 ,000. 

Slock. 

Bond!. 

Otber  D't. 

Total. 

S.910 

13.978 

46,109 

4.461 

31.6 
47-5 
IS. 8 
34-8 

33-a 

31. S 

49-3 
19.3 

23.7 

3S-8 

3-75 
S.S7 
1-37 
1.48 
3.58 

55-85 
99.67 
36.37 
48.98 

S.oo 

13-30 
3-56 

P-c^fic 

71. 58  1     7-53 

I'nrted  Stales 

84.393 

38.4 

37.3 

1. 86 

57.76  1     7.31 

t 
1 

I88S. 


No  England. 

Middle 

SoBlbcrD 

Wcslern 

Pacific 


L'ailed  Suies . 


18S4- 
18B3. 
tSE3. 


6.413 

l8,S95 
30.584 

74.854 
7.384 

"7.739 


31.8 
S7.3 

30.3 
35.3 
34.0 

30  9 
30.1 

30.  S 
30.7 


31.9 
53-6 

34.6 
35.6 

38.5 


39  S 

29.3 

38.7 
38. 3 


3.46 
4.87 

1,30 

1.49 
3. 30 


56. 16 

115.77 
46.00 

53.39 
64.70 


2.03 
3.0 
1.9 
1.9 


61.43 
61.4 
61.4 
60.9 


8.87 

II. S3 

3.66 

5-35 

4-55 


6.33 
6.76 

7-54 
7.60 


The  aomiiutl  cost  of  nud  uid  cquipmenl  for  the  whole  United  Staiex  wai  for  tbeac 
•jvut : 

im.  ISS3.  IS84.  1885. 

%V.T9>  *SS.S™  $SS.Ji»  $55.  "oo 

The  Cuodian  nulnyi  avenKe  bul  Sn.ooo  of  bonds  per  mile,  and  (58,333  of  ■:tock 
asd  boikdt  together.  Eicludini;  the  Grand  Trunk,  which,  wilh  a6  per  cent  of  the  mit^ice, 
has  45  per  cenl  of  (he  c^tal,  there  are  onlji  $38,000  pet  mile  of  both  stock  and  bnnds. 
Jlore  ihan  one  fourth  of  the  total  coital  (145  millions  out  of  558,  for  9,575  miles,  in  1884) 
was  contributed  from  goretnmental  toiaaa.  Earmnes  aie  correspondioglf  mali,  lieinf 
ior  1884: 

Canuia  Southern,  I  ;,     j  $10,600  per  mile. 

Grand  Tronk,        1    '^^  1     6,190  ■■      " 

36  remain  lag  lint»,  6,635    "  a,oio  "      "  ^ 

9,575  mile*,      3,491  per  mUo. 
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Table  36. 

DlSTUBUTION  OP  GUSS  RiVINUB,   IN  PKK  CBNT  OF  TOTAL  RXOUPTS. 


ISM. 


P«it  Ceht  of  Rkcdpti  Ditotid  to — 

Giocn  or  Sutb. 

Op's  Eip. 

NciRcT. 

laltre*!. 

DiTidend*. 

6S.I 
63-4 
63.  S 
S3. 9 
SO.  a 

31.9 
37.6 
36-S 
46.1 
49-8 

11.35 
iq-33 
16.  S4 

16. 9E 
33.05 

16.83 
14.34 

7  43 
11.73 
14.50 

58.3 

41-7 

17.58 

13.55 

I8SS. 


69.8 
64.7 
673 
65.0 

55-7 

30.3 

35-3 
33.7 
35  0 
44-3 

13 .53 
37.56 
37.14 
33,34 
45  00 

16. 10 

13.93 
3.40 
g.o6 
4-57 

Total  U.S 

6S-I 

34-9 

34-53 

10.0$ 

UkITSD  STATkl  FOM  KACH    VbAK    FIOH  iflTf  TO  1SS3, 


1879. 

iSBo. 
16S1. 

iSSa. 
iSSs 
1884. 
1BS5. 


31. IS 

17.58 
18.33 
so. 03 

31-00 

33,90 

34.53 


11.73 

13,55 
13-30 
13.33 

13. 38 

IZ.O9 
10. OS 


as  true  economy  permits,  and  (3)  increasing  the  traffic  (sales)  so 
that  this  burden  may  constitute  a  less  percentage  of  the  entire 
business,  is  evident.  Omitting  them,  the  operating  expenses 
PROPER  (corresponding  to  the  expenses  of  simply  running  and 
maintaining  a  factory  which  has  once  been  thoroughly  equipped, 
and  of  selling  the  manufactured  products)  amount  usually  to 
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about  two  thirds,  or  67  per  cent,  of  the  receipts,  varying  however 
enormously  (from  but  little  over  50  to  more  than  90  per  cent) 
Willi  different  roads.  Tabic  37  iiml  oiheik  give  an  idea  of  the 
geoeral  tendency  for  a  long  period  of  years. 

Ki  the  ratio  of  expenses  to  receipts  may  be  made  less  either 
by  tbe  receipts  being  larger  or  the  expenses  being  smaller,  the 
lut  thai  the  ratio  is  low  or  higli  is  no  real  lest  of  economy  in 
cperstion,  nor  of  the  value  of  the  property.  Wherever,  from 
absence  of  competition,  the  rales  are  very  high, — as  formerly 
on  tbe  Pacific  railways,  Panama  Railroad,  and  many  lines  in 
Europe, — this  ratio  will  be  small,  even  in  the  face  of  heavy  ex- 
ptflfes.  Wherever  all  or  nearly  all  railways  have  been  very 
codily,  as  largely  throughout  Europe,  it  will  also  be  smull,  since 
ibc  lixed  charges  will  constitute  a  larger  proportion  of  the  tax 
<iD  earnings,  and  rates  will  naturally  adjust  ihcmselve^  to  pay  ( i) 
all  operating  expense.*,  (1)  all  rental  or  fixed  charges,  and  (3)  a 
fair  profit  to  the  managing  company. 

Wherever  several  tines  are  so  situated  that  their  business  is 
largely  competitive,  and  must  be  handled  at  the  .same  gross 
price,  but  one  or  more  of  them  has  better  grades,  or  a  shorter 
line,  or  more  traffic,  or  other  special  advantages,  one  line  will 
permanently  show  a  lower  percentage  of  expense  than  the  others, 
which  will  have  no  meaning  as  an  indication  of  real  excellence 
of  management.  This  latter  law  is  strikingly  illustrated  by  the 
tnink-tine  percentages  in  Table  37,  the  cause  for  the  difFcrcnccs 
in  which  is  explained  in  a  foUowtnn  note  and  in  Chap.  XXI. 

9S.  The  operating  expenses  proper  are  very  irregularly 
affected  by  the  amount  of  business  or  by  the  character  of  the 
alignment.  A  very  large  proportion  of  them  are,  like  the  rental 
or  fixed  charges,  independent  of  both  :  such  as  the  salary  of  the 
president  and  other  ofliccrf :  maintenance  of  works  and  plant 
gainst  the  deterioration  which  comes  with  time,  irrespective  of 
work  done ;  salaries  of  local  freight  and  passenger  agents,  a 
large  proportion  of  whom  must  be  employed  anyway,  whether 
considerable  sales  are  made  or  not.  This  immense  class  of  the 
expenses  amounts,  as  we  shall  see,  to  nearly  one  half  of  the 
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Tabi-F.  37, 

PUCIMTACB  OP  OPKKATIMC   EXFKKSCt  TO   RbvSNDI 


Tn»i>  Lunt. 

SiwneM  *r  U.  S. 

Dan. 

K.V.C 

Eric. 

Ptno. 

B.*0. 

N  B. 

Mm, 

W  A 
S.  W. 

So. 

Pk. 

U.S. 

184^10. 

.. 

45  0 

^ 

1851-SS. 

56.0, 

>;i.6, 

6J.^ 

1S56-60. 

S7-1 

66.4 

;S.3 

■ 

N«  S  (alisti 

cs  avB. 

iUble. 

1861-6$. 

A8.0 

64.6 

bo.  I 

1 

1 

■  866-70. 

69. J 

76.9 

7r.o 

1871-75, 

61,1 

71-3 

Sij-7 

S8,8. 

68.6,'  59.6, 

(64.7). 

66.6, 

43.8, 

64.> 

■8;6-8o. 

61.3 

711- 0 

S5.7 

S3-9 

65.9  1  59.7 

(6i.») 

6s. 8  '  s6,S 

60,9 

1881.-.. 

65.1 

&4.D 

j6.o 

^(..4 

68.6 

6}.D 

^S.s 

67,4     SS-S 

61.1 

1881... 

67. 1)  1  65.5 

S8.o 

^6.7 

70.7 

64,8 

;i.3 

66.7  1  63.6 

63  6 

1883.... 

66.1 

67.7 

57. a 

S)-> 

74'S 

64. u 

6VJ 

66. s     63-0 

by.% 

1884.... 

67-6 

T-*> 

S8.3 

S4-S 

71. S 

bs.s 

64  a 

6s. J      60.9 

(K.I 

1885.-.. 

71.8 

7S.8 

63.3 

S9.3 

69. s 

64.7 

6s  .0 

67-3      SS-7 

65.1 

lesi-s.- 

67.9 

69.7 

58.3 

j6.o 

71.1 

64.4 

60.4 

66.7 

59.6 

63.8 

Vniied  KinKdoro 1876  ;4.6 

PruMld 1879  S4.J 

luly tBSo  68.0 

Sp^a , iSEo  61. s 

India iSSo  {t.o 

Sutttrifi  JttvTtt,  1, 1. ««.,  iadlcBt*  th(  number  oF  jr»n  far  which  tlw  nitngt  '4* 
civtn  «h«n  laa.ihan  5.  Tht  fiouft  of  Sutaan  ihote  of  Poor'a  tltmtnl  (or  (be  jakn 
before  1BS6. 

FrttH  rht  airr*  fatlt  uv  majr  (oruludt  Ihu  no  miH^d  icndcncji  niit*  lo  inrrMsr  or 
diminiili  lh(  ntio  of  rfr«ipt<  tn  oprriiinc  «iprnw^,  Ixrth  iif  which — at  may  be  Ken  from 
other  ublei— have  a  lendenty  lo  fall  rapldlj'  aod  aboul  equally. 

Tht  ftatlmlifint  0/ iniiviiutd  Una  in  mpcd  la  ihii  tilio  arc  oflen  eitrcm*,  u  mtf 
be  leen  nmwith  tht  trunk  linn,  and  rarelir  allordi  any  truttwmth)'  indicailon  of  effidtncf 
of  manacetneni.  the  caure  almmt  alwafi  iTing  deeper,  and  beinf;  incapiable  iif  rmmlial 
modificallun  by  any  ikill  of  manii;^ii)enl  without  chanf*  of  «l*ma]  ctinditiont.  Thus  Ihe 
l'ennsrl<'.>"ia  Railroad,  having  th>  ihiirtnl  liaul  (and  lonsequently  the  hlj;heil  nrelpl* 
pn  milr)nntrinicbelw«rn  alrnoni  all  polmi  In  Ihe  Whi  and  ihe  AlUmic  OKWt.will  fnrtv«r 
roaiTilain.  under  equal  iklll  in  manaeement.  a  ratio  of  recaiplji  In  raptniM  from  to  M  ts 
per  rent  hifbet  than  the  Erie.  Ttir  Hrv  York  Central  would  campatr  Hill  roow  un- 
(iTiirably  in  ihix  reiped  ntept  that  Ihe  enormoui  tolumc  oF  iti  lucal  ttalfic  (a'Dtabl)- 
modiAei  lli  avMace.  which  will  on  tliii  account,  uudrr  ntalini;  nnndilKini.  bealwaji  mote 
faiorable  than  the  Erie.  The  low  ratio  nf  the  Raltimorf  &  Ohio,  as  reipe<ti  the  Penn- 
(irWania.  i*  due  almon  eirlutively  t«  the  greater  relative  lolumr  of  in  ciial  triHie.  which 
b  alwayi  earned  in  lull  iraiDi  ai  low  wii.  The  >>ainc  cfln:!  i*  tiill  more  Urlkinf^r  vlilblc 
in  table  c>v>n(  ibe  binory  o<  the  Philadcliihia  it  Raadioc  fUilraail.  See  lodei,  and 
Chapter  XXL.  par*.  97J-4. 
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operating  expenses  proper — the  other  half  only  varying  more  or 
\tss  closely  with  thv  details  of  the  line  «nd  gntdc!^,  and  very 
much  less  than  half  with  slifrht  chanj^cs  in  volume  of  iraRic. 

M,  Therefore,  it  may  be  said  in  a  general  way  that  Kn  per 
cent  added  to  revenue  is  as  good  as  fijtetn  per  cent  taken  oi! 
operating  expenses  ;  and  this  again  means  fkirty  per  cent  taken 
00  that  portion  of  the  operating  expenses  which  varies  with 
titK  and  grades.  To  gain  or  lose  ten  per  cent  in  revenue  by 
s%hi  differences  in  ihe  route  seletted  is  very  easy.  To  reduce 
Ike  whole  operating  expenses  fifteen  per  cent  by  differences  in 
ilignnieni  which  do  not  increase  Ihe  cost  of  construction,  is  not 
w  nsy.  Let  us  illustrate,  by  examples  free  from  detail,  the  very 
inpoftant  moral  conveyed  in  these  facts.  Wc  will  assume  the 
OiK  of  a  fairly  prosperous  line  of  the  second  grade,  whose  in- 
come and  outgo  we  shall  find  may  be  distributed  in  something 
like  the  following  oiiinner  ; 

PirCani.        Per  Hilt. 

GfOM  rcvenui^ loo^         $7.C09 

operating  expenses,  unaffteled  by  either  alignment  or 

volume  of  iraflSc  (50  p.  c.  of  openting  eipeniica).    .     33.3  $1'}J3 

Dilio.  tmertatiag  diretlly  xeitk  tvHsidtrablt  ckangts  in 

alignment  or  volume  of  traSi<:,  but  not  with  trifiing 

cban)^  (40  p.  c.) 36.7  1.867 

Ditto.  imireasiKg  dirtitfywtik  (fit /eii  imfiarltml  (Aanget 

tn  aliment  or  traffic  (10  p.  c.) tf.7  4^7 

Total  of  nominal  operating  expenses 66.7  tt.667 

Add  lo  the  latter  the  rental  or  interest  charge  (6  p.  c-  on 
tjoiooo  per  mile,  axxunied  cash  ooct  of  road  and 
pUnl) 35.7  1.800 

Total  of  true  operatinc  expenncs.  or  cosh  cost  of 

prodDCingtbe  tranipo  rial  ion  K>ld, 934  ^^-4^ 

Surplut  available  for  dividendi    being    the    busioeM 

profit  resulting  from  <^>er4tion 7'^  ^$33 

Let  as  now  see  the  effect  of  increasing  or  decreasing  the 
gtoss  revenue  ten  per  cent,  as  it  Is  frequently  possible  to  do  (one 
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might  perhaps  more  fairly  say,  rarely  difficult  to  do)  by  probable 
differences  of  alignment  alone.    We  have,  if  it  has  been  increased: 

Per  Mile.       Per  Cent 
Incrcue, 

Gross  revenue  (increased  lo  per  cent) $7i70O  lo.o 

Operating  expenses  (lo  p.  c.  only  increased  lo  p.  c), 

or  $47  per  mile  increase, 4.713  i-o 

Fixed  charges  (assumed  unchanged) 1,800  0.0 

Total  charges  against  revenue, 6,S'3  o-7 

Surplus  available 1,187  119.0 

The  surplus  available  for  dividends  is  more  than  doubled. 
On  the  other  hand,  if  there  has  been  ten  per  cent  loss  of 
traffic,  we  have — 

Per  Mile.      Per  Cent. 
Decteaie. 

Gross  revenue, 16,300  10.0 

Operating  expenses  (10  p.  c.  of  10  p.  c.  only  decreased 

10  p,  c) 4.620  1,0 

Fixed  charges, 1.800  0,0 

Total  charges  against  revenue 6,420  — 

The  expenses  are  a  little  over  the  receipts,  and  the  road  is 
on  the  way  to  a  receivership,  if  it  has  been  opened,  as  it  is  very 
apt  to  be,  in  one  of  the  years  in  which  an  ebb  in  the  business  tide 
is  beginning,  and  there  is  no  apparent  growth  (often  a  decrease) 
in  traffic  for  several  years. 

too.  Again:  Let  us  suppose  that,  by  an  improvement  of  or  in- 
jury to  the  line  and  grades,  we  increase  or  decrease  the  average 
train-load  30  per  cent— often  not  difficult  to  effect.  Our  account, 
if  we  have  improved  the  grades,  will  then  stand  as  follows: 

Per  Mile.      PetCcBL 

Gross  revenue $7,000  0.0 

Operating  expenses  (30  p.  c.  of  50  p.  c.  saved,  or  $700),     3.967  15.0 

Fixed  charges  (as  above) 1,800  00.0 

S.767 
Surplus  available  for  dividends 1. 333  131.0 
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Or,  we  have  benefited  the  line  greatly  indeed,  and  yet  but 
Tmle  more  than  if  we  had  added  lo  per  cent  to  rcveouc.  On 
the  other  hand,  reversing  this  process,  we  find,  as  before,  that 
ihf  road  is  on  the  way  to  a  receivership. 

tor.  Let  us  suppose,  by  an  unnecessarily  extravagant  scale  of 
expenditure,  for  purposes  which  do  not  really  add  inuch  in  dol- 
bnand  cents  lo  economy  of  operation,  we  have  increased  the 
capital  account  or  rental  charge  53  per  cent,  in  a  way  which 
doB  not  decrease  operating  expenses  more  than  1  per  cent. 
BOT  add  anything  to  revenue — a  noi  uncommon  case,  since  the 
DK  of  6 '  Instead  of  10"  maximum  curves  will  alone  suffice  to  do 
it,  ia  some  cases.     We  have  then 

Ptr  Mlla. 

locTcaMd  the  rental  charge  .13  p.  c  or S600 

Dccnrascd  operating  cspcfl>e«  3  p.  c.,  or    .    .    ,    ,    .        93 

Ket  incmse SJ07 

Or  witliin  $:6  of  wiping  out  llic  surplus  over  expenses  and 
fixed  charges.  If  we  have,  in  addition,  adopted  a  line  which, 
iotiead  of  being  better,  ii  really  more  expensive  to  operate 
than  another  line  which  would  have  cos!  no  more — or  if,  pos- 
sibly. iTc  have  adopted  a  line  which,  in  addition  to  being  more 
expensive.  Involves  a  certain  BacriUcc  of  revenue,  a  receiver- 
>bip  i«  praciicially  assured.  Both  uf  these  are  very  probable 
coDiingencies.  but  if  wc  have  escaped  tliem,  we  have  barely 
saved  oarsetves.    The  profit  from  the  enterprise  is  destroyed. 


W».  A  great  change  has  taken  place  within  tlie  past  ten 
or  fifteen  year»,  and  indeed  is  still  in  progress,  in  llie  operat- 
ing expenses  of  railways,  as  a  result  of  the  introduction  of  cer* 
tain  modern  improvements,  and  notably  the  steel  rail.  At  so 
recent  a  period  as  the  publication  of  the  first  edition  of  this 
ireaiise  (t877)  these  improvements  had  hardly  begun  to  lelt  at 
all  upon  the  statistics  which  were  available  for  its  preparation  ; 
but  they  have  already  (1885)  modified  them  profoundly,  and 
where   the  process  will   end   it   is   impossible   to  foresee   with 
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exacrness— further  than  that  ihe  change  will  be  very  much  more 
radical  thnn  even  yet  appears  upon  the  surface. 

103.  Be&iilcs  the  sicel  rait,  llicrc  has  been  ,i  great  incrrnsc  in 
the  power  of  locomotives.  The  old  etghi-wlicel  "American" 
locomotive,  Ihen  almost  universal  for  freight  os  for  passenger 
service,  is  now  almost  completely  out  of  use  for  heavy  freight 
service.  Mogul  or  Consolidation  locomotives  arc  rapidly  super- 
seding it,  and  will  in  the  near  future  almost  wholly  supersede  it. 
On  all  bni  roads  of  very  light  traffic  ihe  Consolidation  locomo- 
tive appears  to  be  Ihe  engine  of  the  future  ;  and  a  still  heavier 
type,  the  "  Mastodon"  locomotive,  has  been  introduced,  with  ex- 
cellent prospects  of  wider  use. 

10*.  The  capacity  of  ordinary  freight  cars  has  also  bcci* 
Increased  from  ten  or  twelve  tons  to  fifteen  and  twenty  tons, 
with  but  a  comparatively  sliglii  increase  tn  the  weight.  In 
fact  the  lo-ton  car  has  already  become  the  standard  both  for 
coal  and  all  other  trufSc.  anil  many  35-toii  and  not  a  few  30-ton 
cars  have  been  built.  The  movement  in  their  (avor  lias  gone 
so  far  that  a  committee  of  the  Master  Car-flnilders'  Association 
has  reported  standard  dimensions  for  such  a  car.  but  it  is  as  yet 
regarded  as  exceptional,  but  many  35*"'"  '^*'S  *''*  already  in  use, 
and  it  may  confidently  be  expected  that  the  average  car-load  will 
increase  for  many  years.  It  has  increased  fully  50  per  cent  in 
the  past  ten  years. 

109.  Still  other — comparatively  unimportant — changes  whtdl 
arc  gradually  reducing  the  cost  of  operating  arc,  first,  the 
creosoting  or  othervrise  preserving  of  cross-ties  (a  practice  in 
small  but  increaMng  use):  and,  secondly,  thcsubsiitutionof  first- 
class  ballast  (or  what  has  heretofore  done  duly  for  that  purpose- 

The  almost  incredibly  rapid  growth  of  traflic  (see  Tables  21 
to  34,  and  others)  has  been  perh.ips  the  most  potent  factor  of 
all,  and  these  causes,  and  llip  grndiial  fall  in  the  com  of  producing 
every  form  of  manufactured  commodity  consvimed  by  railways, 
render  it  impossible  to  predict  with  any  certainty  cither  tbc 
future  cost  of  a  train-mile,  or  the  ratio  which  the  various  ex- 
penses will  bear  to  each  other.   The  changes  of  the  next  ten  year& 

Stlt  IT /itlrtimt  iiiiU.    Tlir  ((oup  of  Sutlomuked  ■  lodudnaTcry  (iDa111ilK'<*r><c>D<ie—  , 
•CC.     Rim*  oI  i,  g.  ■•.  I).  ■;.  hi]  tt  (cmv 
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^^^                                                     Table 

^^^^        AvtkAOK  Co«T  Per  Train-Milk  oe  tiik  Four  Tkokk  LiNBt  and  Encusk 

^^^^^        Ykah. 

X.  V.  Clirr, 

Biia. 

PaKKA. 

a*OL 

Cenia  prr 

Trjin, 

Revenue. 
Mile, 

Revenue. 
Mile. 

CcoUk  per  EoalDe. 
-  Mil*. 

I7li.3 
127.3 

tl6.6 
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v,x 

71.1 
OT  7 

■ 

iJi-5 

iiq.3 

So.i 

63  9 

lt4>6 
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101 .0 
9S.S 

114. a 

I03.I 

99-i 
95.6 

76. s 

74-3 
73 .6 
73.0 
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57-3 
S4-5 
59  » 

^B     h:  ":.'.'.::: 

1073 

101 ,! 

Rl.fl 

67. » 

B 

118.3 
133.3 
108. s 

IDS.  2 

loi.o 

100.; 

«-7 

3i.i 
SJ.i 

71.6 
7«-5 

66.S 

^P     «i 

91.6 

91.3      !         74.1 

69.0 

^V                     Sir  alwi  L»tt  Shan  &  Widtieu 

^V                    Th«  obOTC  lufticti  to  ihav  ihi 
^H                ti[in»M  p«i  (rain-iullr,  rrt  thu  mair 
^H                n  Tabic  3H  has  rotarr  nbout  t^  th"  i 
^H                  *M  In  UvlDi;  o(  (oal  p«r  train-mil 

^H                        The  avcDiCPtamiiii^pcr  tiain-n 

^B              thm  1S74,  hNvlne  been  $i..t6  io  1871 
^1                Id  woritliiK  capeiun  hu  bnn  aimcn 
^H                att  ■amine*  P*r  <r*in  mr*  ivir  uni 
^H                tfaiv-iiijle  Iram  1S74  lo  itHa.    Sine 
^H                p«(  tialn-mlle : 

^m                                    1177.       isr 

t  Soutlieni  sULinia,  Tables  3ft,  31,  and  mlien  tiA- 

.  while  IhvrE  hu  bcvn.  on   the  irhole.  ■  decline  In 

iwrt  oT  the  enormoui  o^inDni)'  per  ton-mile  iliown 

icreaae  in  nitrtti^fi  inJn-liwl  <h<vwn  iti  Table  ^,  and 

t,  which  dora  not  appear  likely  (»  ilrcreaie  mudl 

lie  or  Britiih  rallwayi  haira  Tallen  evetjixu  but  nne 
.  Si-a6in  tiji.  and  $t.iQ  in  1884.     ItuI  ihr  <lnr»ie 
at  Ripilar,  and  until  18S1  )uit  as  snai,  so  that  the 
onn,  vairinc  only  betwDcii  00.24  Jnd  frI.jCicenK  par 

a  iBjJ  Ih''  ramiiii^i  jiikI  rtjif  n»ei  !i«v«  beein.  in  «nt» 

1.       luo.       laei-       isei.       iwi.       1884. 

14         ■■$.4>         nj-4t         u|,Ja         iji^Tfi         114.11 
w          Oe-M          ^  jti          it'M           «<  M          'S'l 
■«           b.«a           j».»»          s«.M           ij  (I           MM 

inlfotm  than  would  be  shovm  in  this  icuntry,  even  in 
Jiest.    The  larger  part  ol  the  [eduction  iaeipcuwaol 

^^^^             Hw  rMQlt*  tn  -rtry  much  mon 
^H               AOMp*mef  It  when  raio  vt  neiu 
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■At  BriUMi  tail*a]'i  liu  becD  in  Ih«  rail  n(  maifllrtianix  ai  rood.  Tbu  hai  fallen  rroc* 
1(70  «bU  im  iniaHnilt  In  i8j4  in  it.Jb  m  itl;9Xiicl  11.64  iccu  In  1884.  /Vr  mtSri/ 
rmJ  ttpuim  nnged.  (or  Hut  five  yean  riam  ilt;^  m  iX}S  iudutlvc,  (roni  Si,e6j  (a 
tijMD  tir  nululBitace  ol  load,  and  «vtrft{cd  51.965.  Then  Uicy  fell  of)  mddCDlr  m 
Sl,49^  ohl  hai*  BtTB  hnn  to  lew  lonn!,  rancinc  theno  to  $i,8o»  in  itftjutd  $1.7301* 
iSUi  Md  i«cn£iiii:  ft, 151  froai  [87910  iM». 

Tia  Idtil  niKKM*  pa  mile  irf  rMd  >uin  ruitred  (rom  $Q.G&j  in  rS;5  and  itfiti  in 
tli}inia,77sis  i«;9.ai>d  llMenia  aarainp  avanERJ  $iT-^  '•"  <ii«  fi"  X<a/*  (rom 
llH  la  i»t^  (ulhlni;  ih*  ■nuimum,  tiS.>S5.  in  1885. 


^ 

^ 

^ 


will  pfobably  )>«  greater  than  those  of  the  last  ten,  and  s\\  itiut 

wc  can  be  sure  of  is  lliat  lite  cost  per  ion. mile  (not  probably  per 

iraifl-mtle)  will  continue  to  fall  rapidly,  although  it  hardly  >ecmB 

po3%ibie  lliat  it  can  (all  quite  so  rapidly  as  in  the  la^^t  ten  ycai^ 

Table  38  and  otiiers  fvill  sliow  ilic  recent  changes   in  the  cost 

per  lon.miIe,  and  Table  39  the  changes  in  the  cost  per  train-mile. 

KM.  Nevertheless,  it  fortunately  happens  that  those  items  of 

expenditure  with  flfhich  we  are  more  immediately  concerned — 

lliosc  which  are  affected  by  the  location  of   the  line — may  be 

aniicipaird    with   reasonable  certainty   from   Icnown  (acts  and 

lendencic*',  although  it  is  not  expedient  to  rely  loo  much  on 

existing  Statistics  of  the  immediate  past  of  railways  in  respect 

to  some  items,  as  notably  steel  rails;  since  it  would  tend  to  the 

danget-ous  error  of  overestimating  the  probable  expenses. 

lOT.  The  operating  expenses  of  railways  divide,  naturally, 
for  tile  purpose  which  we  have  immediately  in  view,  and  in  the 
main  for  all  purposes,  into  the  three  great  classes  below  : 

I.  Maivtenaxcr  ano  Rkvrwai.  09  Wav  and  Works,  in- 
cluding all  permanent  structures  and  buildings,  except  engine 
and  car>shops. 

This  has  until  recently  averaged  vcrj*  uniformly  25  per  cent 
of  the  total  expenses  on  all  American  railways.  It  is  now 
decreasing  both  relatively  and  absolutely,  but  far  less  rapidly 
than  might  be  ex(>ected.  because  of  both  temporary  and  per- 
manent causes  below  mentioned. 

a.  Train  Expenses,  including  all  expenses  of  every  nature 
and  kind  connected  with  the  running,  handling,  maintenance 
aad  renewal  of  motive-power  and  rolling-stock,  but  not  inchid- 
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Jn(;  any  sittiion  or  icrminal  expenses,  except  switching.  These 
«xpensc!>  li^ivc  lieretofore  averaged  very  close  to  41  per  cent 
of  ctic  \ova\  opciacing  expenses,  and  cost  from  30  to  50  cents 
per  train-mile.  They  liuve  decreased  considerably  per  train* 
mile  (or  ilie  same  class  of  engines,  but  the  introduction  of 
heavier  engine>  will  liavi;  a  tendency  to  keep  llicrn  mure  nearly 
constant.  Kelittively  to  llie  oilier  operating  expenses  they  are 
growing  continiiiiUy  more  imporiiiiit. 

3.    StATIOK,  TeKMINAI.,  AMD   GliNERAL    Rxl>ENSES    AND  TaXES. 

Wilh  these  we  arc  very  Hltlc  concerned.  Most  of  them  vary 
more  or  less  (for  the  most  part,  less)  with  the  tonnage  or 
Volume  of  business;  but  all  of  them  are  independent  of,  or  In- 
appreciably atKecied  by,  any  of  the  details  of  lines  and  grades, 
and  ihcrtrlorc.  f.ir  our  present  purpose,  may  be  included  to* 
grlher  and  neglected,  except  as  10  Eheir  aggregate.  Taxes  at 
first  sight  appear  :ii  be  allecied  by  the  alignment,  in  so  far  as 
fiiey  might  increase  with  the  length  of  the  rond  ;  but  tiixes  are 
b..ie(l  upon  valtic  and  not  on  cost,  and  hence,  alihmigh 
nominally  based  iiooii  distance,  arc  in  reality  mwch  more  truly 
based  upon  low  grane*.  large  traffic,  and  good  rates.  They  arc, 
moreover,  ton  small  ;;n<l  vatiablc  an  item  to  justify  their  consid- 
eration as  one  of  llic  expenses  affected  hy  any  of  the  details  of 
alignment.  Station  expenses  also,  and  all  the  other  expenses 
mentioned,  arc  the  same  lor  ihc  same  business,  whatrver  changes 
in  the  alignment  may  be  made,  except  as  such  change  brings 
additional  way  business;  but  even  then  the  change  will  rarely 
be  siiffirient  to  appreciably  modify  the  station  expenses.  For 
its  indirect  value  in  snch  cases  and  others,  and  as  a  matter  of 
general  information.  Tables  75  to  80  givs  what  the  cost  of  the 
various  items  of  station  and  general  expenses  amount  to  on 
various  roads  and  in  various  sections. 


MAIMTEMANCE  OF  WAV. 

t09>  The  sicel  rail  has  revolulionixed  maintenance  of  way.  Previous 
to  Its  advent  the  creai  trunk  lines  were  encsKed  in  an  unceasing  strug- 
^,  which  wot  rapidtv  becoming  hopeless,  to  mainiain  their  lines  in  a 
decently  safe  and  patsiible  condition.    Much  of  this  difficulty  was  due  to 
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tkc  mew  culpable  car«Ir»nc&f  as  to  the  quality  of  rails  purcbawd -.  but 
the  dtl&culiy  ciisi^l.  and  was  only  partially  remediable  at  bcit.  The 
Curt  ol  rail  wear  alone  per  train-niilc  was  from  7  10  9 cents,  and  their  life 
IM  inponant  lines  A-a«  mcasmcd  by  months  rather  than  years. 

Under  liiMC  cifcumttance*  the  track  was  constantly  disturbed,  the 
tits  cut  full  of  spikc-holcs.  ilie  joints  imperfect  and  irregularly  spaced, 
tntingto  tlw  constant  cutting  ol  rails,  the  line  and  suriacc  difficult  tn 
■uimain  correctly,  and  anything  like  a  pcrmnncni  rock  ballast  wcll-niBh 
ooi  of  the  qucstiofl,  altliough  it  nii.i  ucciu  ion  .illy  used.  As  a  (urilicr  and 
very  natural  consequeooe  a)l  maintenance  expenses  for  the  above  items 
varied  to  a  very  remarkable  de}:ree,  in  altnan  exact  ratio  with  ti>e  lou- 
nge and  rail  wear — as  indeed  they  still  do.  but  to  .1  less  notirrnblc  ex* 
tent.  Some  evidence  of  the  former  conditions  is  still  preserved  in  Table 
40,  but  further  .space  need  not  be  devoted  to  the  discussion  of  conditions 
vfaitti  MO  Ioniser  exist  to  any  extent. 

1tO>  The  superiority  of  the  steel  rail  lies  not  so  much  in  lis  greater 
•trent^b  and  iou(;hness  lalthouyh  it  is  stronger  by  30  to  30  per  cent)  aa 
in  Its  greater  homogeneousne^s  and  absolute  freedom  from  grain.  In 
Oibcr  words,  when  of  good  quality  it  is  iou){h  enough  to  last  until  it  is 
worn  out.  whereas  the  iron  rail  splits  into  pieces  long  before  it  had  loM 
any  serious  amount  by  wear.  The  wearing  properties  proper  of  iron  and 
tteel  rail* — their  resistance  to  abrasion— are  not  matcriidly  different. 

III.  The  average  life  of  coon  steel  rails  properly  manufactured  and 
inspected  so  as  to  diminate  nil  imperfections  arising  from  s  lack  of  ordi- 
nary care  and  skill,  and  weighing  60  to  &>  lbs.  per  yard,  according  to 
the  weight  of  engine,  has  now  been  determined  with  u  cnnsiderable 
approach  10  certainly  to  be  about  150,000.000  to  ioo,ooo^ooa  tons,  or 
4wtaat  is  probably  a  more  correct  w^y  ol  putting  it)  fium  yxaao  to 
S0O;00o  trains.  From  10  to  15  lbs.  or  three  eight  lis  ta  ttve  eighths  of  an 
Inch  in  height  of  the  head  of  such  a  rail  is  available  lor  wear,  and  abrasion 
takes  p[ac«  at  the  rate  of  about  I  lb.  per  io/xx>.ooo  tons,  or  one  sixteenth 
Inch  per  t^.oocxooo  to  1  ;.ooo/)oo  tons.  This  durability  may  be  recardcd 
da  nearly  a  minimum  for  strictly  first-class  rails,  as  many  recorded  obser- 
vations indicate  a  much  higher  durability. 

111.  Unfortunately,  ii  may  be  said  to  br  the  rule  rather  than  the  ex- 
ception, that  American  railways  now  buy  their  steel  rails,  as  they  for- 
meriybotight  their  iron  raiU.  without  any  ellectire  inspection  as  to  quality : 
tbeso<alled  inspections,  when  there  is  any  even  in  fcjnn,  beingconfined  ttt 
the  caterior  qualities  of  the  rail.  Unfortunately,  also,  a  few  years  since  the 
(csult  of  «»  investigation  on  the  Pennsylvania  Railroad  into  the  wearing 
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qoalitics  of  sieel  rails,  which  showed,  or  seemed  to  show,  that  very  hard 
nib  did  not  wxc  &n  well  as  softer  and  tougher  rails,  w;i»  t:ikcn  to  iiidi* 
tate  tint  sohncss  m  itself  w»sa  d<;sirjbic  quality  in  a  rail :  and  the  pains- 
taking chaiMcter  ol  the  investigation  and  high  rcpiiiaiion  of  the  road 
hattnK  given  these  concluiiioRt  wide  discern  innii on.  mnnuNictuiera  for 
many  years  took  them  aA  «  guide,  and  between  iliSoand  18S5  produced 
lads  which  have  deformed  readily  under  the  impacts  of  service,  espec- 
ially at  the  jotDLt.  and  have  alio  worn  away  very  r^ipidly.  10  tliitt  their  life 
hn  often  been  only  a  year  or  two  tinder  very  moderate  trunk-lme  traffic. 
U  instances  it  has  been  only  a  few  months. 

113.  The  particular  cause  for  this  deterioration  of  quality,  whether  it 
ii  cbenical  or  mechanical,  or  both,  is  as  yet  obscure.  Il  is  probable  that 
ta  ilwfv  hu  been  no  adequate  inspection  to  enforce  sound  practice  the 
diemical  composition  has  suffered  by  the  use  of  clicaper  ore),  cheaper 
men  lu  supervise  tnaautacturc.  and  less  care  in  alt  the  processes.  But  > 
chief  cause  is  prt^bly  mechanical— tliai  the  "btoom."oriir&t  rough  cast- 
inc  ol  the  steel  Iromihcconvertcr.outof  which  the  finished  rails  are  fash- 
kuaed,  ti^  in  the  first  place,  heated  unduly  hot  for  passing  through  the 
tolls,  and.  In  the  second  place,  is  passed  througii  thctn  a  less  numlfcr  of 
times,  or  too  rapidly,  or  both.  In  order  to  roll  a  rail  very  rapidly  and 
with  few  passes  it  must  necessarily  be  very  hot,  both  to  b^in  with  and 
whea  It  finally  leaves  the  rolls.  Its  molecular  structure  might  he  expected 
to  be  disadvaniageously  afTccicd  by  this  lack  of  surface  coraprcMion.  ind<> 
pcndently  of  the  fact  that,  being  left  to  cool  slowly  after  it  leaves  the 
rolls,  it  b  ihorouKMy  annealed  by  Ihc  same  process  a$  makes  the  finest 
tool  steel  soft  enough  to  readily  suflcr  deformation  from  dies.  The 
rapid  motion  ol  the  rolls,  moreover,  may  not  give  the  molecules  sufli- 
cient  time  to  flow  upon  each  other  properly,  and  a  spongy,  unhomogcoe- 
OBS  metal  is  the  resuh. 

114.  Whether  or  not  Ibis  is  the  true  explanation,  it  cannot  be  ques- 
tioned that  there  is  some  equally  simple  and  easily  remedied  expla- 
nation, because  cenain  m.ikcrs  do  produce  rails  of  excellent  quality 
which  ate  sold  at  the  same  price  as  the  inferior  ones.  The  remedy, 
therefore,  lies  simply  in  more  thorough  tests,  specially  for  .tbility  to 
mist  deformation ;  and  it  would  be  erroneous  to  conclude  from  this  ad- 
mitted but.  it  may  reasonably  be  hoped,  temporary  evil  thai  the  estimate 
oJ  cost  of  rail  service  should  be  permanently  increased.  The  reasonable 
eosi  per  train'ntilc  of  rail  wear  may,  on  the  liasis  of  the  facts  above 
Siven  as  lO  the  life  of  rails,  be  estimated  at  from  o^  3  to  0^ J  cents,  as  fol- 
low*: 
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Cost  or  one  mile  of  ileel  raits.  9;  long  tons,  jtt  %y>. 
Less  scrap  vutue  of  unworn  steel,  say  nearly  half.    . 

Leaving  03  net  cost  ol  wearable  portion,  per  mile.  . 


■  •i.Soo 


Divided  by  total  life  of  300,000  to  joaooo  trains,  this  gives  a  3 10  o. j 
cents  per  train-mile ;  but,  in  view  of  the  present  difficulty  i^  getting  good 
rails,  iind  tendency  to  increase  the  wciglii  of  trains,  we  may  assume  the 
even  fifjurc  of  1.0  ceiits  per  iniin-milc  as  a  miuimuro  which  ihetc  Is  no 
need  of  ever  exceeding. 

No  ■Ilowuncc  for  [niercM  or  dltcount  to  reprMcnl  ihe  present  value  of  ibe 
aciBp  Is  made  In  (hit  eiilmitc,  nor  thould  thnre  be,  alihouKh  at  Arxt  tiiilit  an 
aricumeni  to  Ihe  coiiiiary  *eema  plauaibla.  The  whole  orlginiil  cott  ol  ihe  »ieel 
ii  a  permanent  part  of  the  coal  of  the  propcny  on  nhlch  interest  must  be  paid, 
like  the  cost  of  the  lies  and  structures.  The  irnewal*  for  each  year  simply 
represent,  in  the  Ions-run.  Ihe  rail  vrcar  for  thai  year,  and  no  qurslion  pt  inier- 
eat  i(  involved  in  the  cost  of  atmply  uiing  the  sicel  to  run  train*  over. 

its.  The  locomotive  alone  causes  by  far  the  greater  portion  of  this 
wear — how  much  is  noi  positively  known.  Frcyciiict.  a  Frencli  engineer, 
writer. and  politician  of  much  prominence,  rcccnily  Minister  of  Public 
Works,  estimates  that  the  loconnoiive  does  three  fourtlis  of  tUe  damage 
and  the  train  itself  only  one  founli.  Launhardt.  a  German  writer  on  the 
subject,  after  nutinc  (lie  fact  That  the  locomotive  and  tender  together 
constitute  only  one  llfib  of  tlie  total  weifiht  of  train  on  the  Prussian  State 
railways  (it  would  be  considerably  less  in  this  country),  considers  that  hall 
the  wear  \%  due  10  the  locomotive  and  tender  and  half  to  the  train.  This 
in  all  probability  is  a  verv  moderate  rsiimnte.  Kxpericncc  on  the  gravity 
railways  in  Eastern  P<Tnn« Ivania.  worked  solely  by  inclined  planes  and 
currying  a  heavy  coal  tialTic  with  the  ordinary  vehicles,  and  with  all  other 
twual  conditions  except  that  no  locomotives  run  over  the  rail*,  shows 
that  the  rail  wear  evennf  iron  rails  is  verysli^lit  indeed  under  heavy  ton- 
nage, but  with  light  loads  per  wheel :  but  eitjiei  li|{uies  iit  the  wear  cannot 
be  presented.  Mr.  O.  Chanuie  investigated  this  question  somewhat  by 
placing  impression  paper  between  the  raits  and  wheels  and  determining 
the  areas  of  the  surfaces  in  contact.  He  points  out  that  the  pressure  ot 
the  drivers  apptoxiinaies  to  the  ultimate  crushing  resistance  of  the 
metal,  and  that  the  pressure  per  unit  of  area  is  very  much  leas  with  ordi- 
nary car-wheeU.  He  therefore  reaches  substantially  the  above  conclu* 
sions— that  from  one  half  to  three  founhs  of  the  total  wear  ol  the  i^l> 
origtoates  from  the  engine  alone. 
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114.  Wc  may  aasuRve.  Uiciefore.  the  cost  o(  niaintaSnins  (ai:ly  good 
SccI  nil  rit  o,j  to  I. o  cent  per  tnxiii-milu;  the  cost  of  additional  ciigiiM- 
uidcuitv.  tltc  car-tonna^  remaining  cotiat^nt.  being  only  half  as  grmt. 
TlNK  values,  alihough  in  round  ligurcs.  probably  approximate  very 
dowiy  to  the  (acta,  and  the  very  best  quality  of  mil  might  rcrtiicc  them 
.me  IwK:  but  the  poorer  qtiahtics  which  have  been  »o  generally  sold 
ol  Ute  ycara  greatly  increase  it.  when  »r>  poor  that  the  rail  speedily 
tncilm  out  of  ntupe.  ami  from  Uii«  cauRc  und  renewnU  of  the  Mil)  re- 
nulnlng  iron  rail*  combined,  i  cents  tit  iieurcr  the  pn-.seiit  average  (Me 
TaIiIc*  7S-8o>.  Much  of  the  rapid  wear  ol  rail*  n»ullx  from  the  imper- 
(Ktions  ol  the  lhh>ptaie  type  of  joint  which  iit  now  univcr^ul.  U»  de- 
itOA  of  principle  «re  such  that  it  seems  quite  certain  to  be  supplanted 
witliin  .t  (lecad*:  by  soiiiettitn:;  better— probably  by  something  closely  re* 
KiaUinK  in  principle  the  Fialicr  "  bridge"  joint,  if  not  identical  with  it. 

TKACK   LABOK. 

117.  Tills  item  incluilc*  all  the  considerable  elements  of  cost  in  main- 
tenance of  w;iy  proper  outside  of  rails,  tics,  and  frogs  ancj  snitches,  It 
ha*  been  unmist.iknl>Iy  (ailing  in  the  last  ten  years,  the  dccrensc  on  many 
mad*  having  l>een  a.«  much  aft  fifty  per  cent.  About  one  fourth  to  one 
third  of  thi^  dcctcav;  i*  accounted  for  by  the  decrease  in  the  rale  of 
wages  III  what  bids  fair  t(i  be  a  permanent  average  ol  about  ii-ss-  The 
trmainder  is  almost  wholly  due  ti>  the  advent  of  the  steel  rail.  ECxccpt 
that  the  joints  arc  still  m>  weak  and  imperfect  a  detail,  ii  would  unques- 
tionably (all  very  much  more. 

This  decrease  i*  destined  to  continue,  but  les«  rapidly,  for  some  time 
in  the  future :  and  in  milking  <.-stimatcs  o[  operating  rxjienscs  for  the  next 
(ew  yean — if  not  for  a  lontf  period  ahead— the  apparent  indications  of 
the  itatiMics  of  other  roads  must  be  accepted  with  much  caution.  All 
the  road*  now  laid  with  steel— with  liardly  an  exception— are.  innead  of 
reducing  traclc  expenses  to  the  lowest  l>mit  possible,  maintaining  (or  the 
tmte  being  sotncihlng  like  the  old  rate  of  exponditvire  and  perfecting  the 
condition  of  their  road  by  adding  better  ballast,  dressing  up  the  road-bed 
and  right  of  way,  impro\'ing  their  yards  and  switche*.  etc..  etc.  This 
wise  procedure  is  in  r^'ality  an  addition  lo  the  capital  account,  but  for 
obvious  msofls  o(  expediency  it  is  still  called  and  charged  to  mainte- 
nance of  way. 

I18>  It  is  alxn  wry  evident  that  the  larger  the  busine»  of  a  road,  i.e^ 
tfar  more  prosperous  it  is.  the  more  likely  will  it  be  to  continue  this 
proceM  extensively.  For  example,  the  Pennsylvania  Railroad,  alihouch 
laid  v'th  steel  and  balUi.ited  with  stone  throughout,  »till  includes  a  very 
heavy  charge  per  mile  of  road  (although  itot  per  train-mile)  in  Its  annual 
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accounts  (or  "maktcnancc  of  way,"  (he  reason  being  simply  that  it  is 
engaged  In  giving  the  last  degree  oi  finish  to  its  road-bed.  track,  and 
right  of  way ;  and  the  3iime  is  true  in  a  less  degree  of  many  other  rail- 
ways. 

119.  It  is  even  possible  that  this  practice  will  be  continued  indefinitely 
as  a  m»ier  of  permanent  policy :  and  when  it  comes  to  drening  up  the 
edges  ol  rock  balbst  with  ^  string,  sodding  and  planting  slopes,  etc..  etc.. 
there  Is  hardly  any  end  to  the  labor  which  may  be  kept  busily  cmplo>-ed 
In  ■■  maintenance  of  way."  nor  can  it  be  doubted  that  such  expenditure 
would  be  returned  m  part,  perhaps  many-fold,  by  its  value  to  the  tine: 
(or  its  value  llc«  not  alone  in  the  direct  economy  of  such  fine  condition, 
but  In  Its  value  as  an  advertisement,  by  m^ilong  travel  over  the  line  more 
Biiractive,  and  likewise  in  its  el!cct  to  instil  habits  of  caution,  neatness, 
and  watchfulness  into  the  entire  force  of  employes.  Nevertheless,  such 
facts  should  not  lead  us  10  confound  advertising  and  landscape  gardening 
with  "  maiDtcnaiicc  of  way."  nor  blind  us  to  the  (act  concealed  front  sight 
in  the  current  statistics— and  likely  to  be  for  some  years  yet— that  the 
cost  of  maintaining  steelrail  track  is  no  longer  greatly  allccted  by  the  ton- 
nage. It  will  for  some  time  appear  10  be  the  case — as  it  came  very  near 
lo  being  aaually  the  cane  during  the  iron-rail  period— that  the  total  cost 
of  mainiainmg  track  varies  very  nearly  with  ihc  tonnage,  and  that  it  baa^J 
not  been  so  very  largely  diminished  by  the  steel  rail  as  was  expected. IH 
Perhaps  there  is  more  that  if  permanent  in  this  appearance  than  is  ex- 
pected, as  certainly  there  is  unless  the  current  carelessness  in  buying  bad 
rails  at  ^ood  prices  is  reformed;  but  the  following  estimates  {par.  1x4) 
seem  rcav>n;ible  and  sufficient. 

130.  Cross  TIES  alone  cost  from  %\ia  to  Siss  per  mile  of  mam  track, 
about  330  prr  year  (one  eighth  of  the  total  number)  being  required  per 
mile  o(  main  track,  at  an  average  cost  of.  say.  50  cents  per  tic  (it  is  often 
only  30  or  40  cents  in  favored  localities),  with  about  two  thirds  as  many, 
or  Jio  per  year,  per  mile  of  side  track.  Side-track  tics  wilt  hardly  aver- 
age  in  cost,  however,  more  than  ball  a<.  much  per  mile  per  year  as  main- 
track  tics,  being  largely  "culls."  or  of  otherwise  inferior  quality. 

in  EnslHnd  and  Europe  generally  the  number  used  per  mile  It  less— ordl* 
narily  1760  per  mile,  or  lhre«  («el  apirl.  the  dimentloni  beinit  in  England  some- 
what (treaier.utuallyg  (eel  by  10  X  5  inches  instead  o!Bto8}frei  by  6x8ineh*«, 
and  the  wood  inferior  fir  instead  of  oak :  and  yet  the  average  life  of  Enghsh 
sleeper*  it  longer  hy  about  50  per  cent  than  In  America,  the  diHeienre  being 
due  in  part  lo  better  ballast  and  road-bed,  in  part— perhaps  mainly— to  greater 
care  to  have  the  tie*  well  seatoied  before  putting  them  in  the  track  (In  Tc<.pe<t 
10  whlcli  American  roads  ate  very  carelcH),  and  in  part  to  the  use  of  cast-iroa 
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ion  Cnxllob  incira  tocaitrtba  rail  and  protect  ih«  sl«ep«n  from  "  cutiinf ," 
Ittt  diflcrEiKM  ol  praciicc  in  England  and  America  result,  (or  ihc  motr  pari. 
Imn  didcrcn<e«  of  coodltloiu,  and  not  Irani  mitiiikes  iif  judgmeni  on  dthcr 
•lie.  Wlicre  wood  of  any  hlihj  i>  dc>)r.  hard  wood  oul  ■>!  the  question,  anj 
li&»r  aad  ralU  cbeap.  ibc  Ent-I'sn  and  Continental  pUn  »1  viidrly  ipacFil  lln, 
•ua  iM  nil  carried  in  chairs,  it  at  lca»l  <lct«nsi!)Ic.  alilioufjh  it  may  be  que*- 
UotMd  i(  tlier«  i«  any  real  economy  in  spocins  ii»  so  widely.  Where  gooi 
kin  *ood  Ilex  are  elicjp  ii  would  he  <i>lly  to  «piice  lie*  (uriher  than  Two  feot 
apan.  M  10  tae  a  mil  requirinc  cluits.  One  elTcct  <il  thi^  ^:ll(;U9h  plan  i)  that 
lee  r^ual  tiabltity  and  ureotclh,  very  much  heavier  tails  mu!<t  lie  used  than 
tnUi  llM  tl«i  neorei  logeihei.  which  Is  the  chief  explanaiion  u(  rhe  fact  thai  they 
afclKariir, 

121.  The  expense  of  crfns»-li«  will  proba*)!)- be  considerably  reduced 
wiiliiiuhc  nexi  ten  years  by  the  more  general  introduction  of  buriicitifing 
or  Mber  equivalent  proocMes,  uttd  it  will  then  be  almost  n-hotly  true,  as 
It  i>  now  in  piin.  that  the  life  of  tics  is  Indcpcnilcnl  of  tlic  toiinaf;c.  Tbc 
wily  way  in  uhich  tonnngc  seriously  affects  the  life  ot  a  tic.  unilcr  .1  steel 
ml,  b  by  bclping  on  thai  process  of  local  rotting  which  is  popuLirly  and 
crroewotjsty  known  as  "  cutting"  into  ties.  The  d<f!creiice  <n  this  respect 
between  raain-track  ties  (especially  if  ol  soft  woodj  and  sidc-ir-ick  tics,  is 
very  considerable;  but.  given  three  or  four  trains  a  day  over  Hie  track, 
the  cHect  of  even  twenty  or  ihtny  more  trains  a  day  is  much  less  impnr- 
Unt.  and  the  "cuiti'iB"  does  not  take  pbcc  notieealily  tiister.  This  re- 
whs  from  the  fact  that  the  only  real  avtistiince  which  the  ir;iin  give*  to 
the  "nrning"  is  to  wear  awm-  the  rotted  surface,  »o  as  to  leave  a  tresli 
sarfoce  exposed  to  <)ec:iy.  It  i?i  .llysically  iin|KM.iiblc  Cur  the  mil  tn  rut 
into  a  sound  tic  tinder  eiistin;;  loadn.  excqit  SLt  assisted  by  the  tiTc.itct 
rapidity  ol  mtliiift  under  the  rail  than  alonKside  of  it.  That  this  \*  Inie 
»  conduMvely  proved  by  the  fact  that  crcosoied  or  similarly  preserved 

do  Dot  cut  to  any  important  extent,  even  when  the  wood  is  soft. 
Tile  importance  of  this  distinction  as  to  tlic  cause  of  "cutting"  is 
riou.i;  since  it  follows  from  it  tliat  the  wear  will  not  Iw  very  greatly 
bicreafled  by  an  incrmsc  in  number  of  trains,  beyond  four  or  live  per  day, 
Mhcreas  otherwise  the  wear  of  tics  would  be  directly  as  the  trsJji-mileage. 

122.  Putting  tics  into  the  track  costs  about  one  third  as  niuch  as  tiie 
lie  iiself  including  nil  labor  incident  thereto,  or  almui  15  cents  per  tie. 
or  tyO  to  $75  per  year.  Including  with  thix  the  maintenance  of  ballast 
and  dilclicii  and  ordin.-in*  tnick-w.-il kin^-.  but  not  inchiiling  policing  the 
right  of  way  and  road-lwd.  special  watclimen.  removing  snow  and  ice. 
cart  of  ibvctures.  or  ewraordittary  repairs— the  total  COST  of  tkack 
t^ABOK,  as  thta  defined,  properly  and  necessarily  chargeable  to  the  main- 
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tenanee  of  MecUrail  track,  once  munnnbl^  well  bollnstcd  snd  in  good 
general  condition,  ts  nut  far  from  8300  |)cr  mile  of  singlc-irack  main  line 
per  year,  or  My  I'lvc  men  lor  every  *ix  miles.  This  amount  is  (Snly  to  A 
very  limited  cuteiii  uflccicd  by  tlic  volume  of  iraDic  if  the  standard  of 
maintenance  is  not  inoreascd.  It  tloes  n'll  now  apfUMr  proluble  that  it 
can  ever  be  maierially  reduced  lu  advunia^e,  since  it  i»  necessary  to  have 
that  number  of  men  available  (or  emergencies  for  prudential  reasons; 
and  work  can  and  will  be  easily  found  for  that  number,  alter  the  track  has 
been  bmutilil  in  tlie  course  of  years  to  a  condition  of  far  greater  excel- 
lence tban  the  present  average,  by  continuing  the  present  rate  of  expen- 
diture, and  nut  a  few  lines  of  the  lirol  ri^ink  will,  hy  aiming  at  absolute 
perfection,  peiniaiiently  incur  &  still  Urgcr  pjipensr. 

133.  About  $5operniileofthcabovcc»tal  will  ordinarily  go  for  trsck- 
walking,  which  is  about  all  the  expense  for  track  watclimcn  that  will 
usually  be  incurred  on  roaiU  running  only  three  or  four  trains  per  day 
e^ach  way.  For  a  traflic  beyond  thut.  the  usual  cxpcniic  per  annum  is 
about  $j  per  mile  (or  each  daily  train  round  trip  (or  *xv  three  fourths  of 
acent  per  train-mile),  up  to»  iota)  of  ulxiul  $iso  to  %i<x>  per  mile,  beyond 
whicli  this  account  very  larely  runs.  Snow  and  ice  is  another  source  of 
Irregular  expense  for  "  maimcnaiice  of  way."  It  amounts  to  about  %%(* 
per  mile  of  main  line,  single  track,  per  year,  and  about  $100  per  mile  of 
dotibte-track  road  in  ordinarily  tinf.-ivo ruble  region* — running  much  liigh- 
cr.  of  course,  on  shwn  sections.  Long  shallow  cuttings  arc  the  greatest 
sources  of  annoyanc<-ji  and  expense  in  respect  to  snow  and  ice— a  consid- 
eration often  forgotten  in  fixing  gradients. 

134,  The  total  rost  of  mainien^nc?  of  way  (or  sing)c<track  railways  o( 
moderate  traffic  may  be  silely  estimated  as  follows,  (or  those  items 
only,  which  arc  practically  independent  of  volume  of  tniiBc  : 

Cross-ties $150108315 

Do.  for  sides. 10  tu  40 

Labor  on  tr^ick Ijo  lo  3oo 

Trjick- walking JO  lo  loo 

Snow  Mnd  ice o  to  ;o 

Ballast JO  to  100 

Fences  and  miscellaneous.    .    .  z;  to  $0 


To  which  mast  be  added  (or 
cattle-guardii.  open  culverts, 
and  cros.iings,  about 


*43S  to  »76S 


Per  mile  of  main  track, 
not  including  miteagcof 
sidings.  Common  traclc 
labor  $1,35  per  day. 


3$  to      JO 


Total t+6o  to  J8is 

Steel  rails,  say 20  to    100 
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To  this  est  I  male  must  be  added  certain  allowance>(ormaimenftiic«ol 
ttncturcfs  lor  the  maintenance  of  large  yards  and  terminal  facilities,  and 
iorenniiOfdin:nydsimii);csand  repair».an<t  also  for  the  wear  of  necl.and 
Olbe*  expentcs.  according  to  traffic.  Tlic  amount  of  nccessaiy  L-xpendi- 
tnre  whicti  ain  with  any  proiwicty  be  assumed  to  vary  directly  with  the 
tDBB^Will  be— 

Steel  rails,  i  ct.  per  train-mile,  or  (3o  per  i.ooo.ooo  grosi  tons 
<includingsll  expenses  (or  relay- 
ing, spike. ctc^,  connected  there- 
with). 
Track   t»\y>t,   etc..  it  ctB.  p.  t.  m- 3$    "  "  ■■       ■■ 

Track  watchmen.      |     "       "  tj    "  "  "       " 


Total. 


96o 


This  amount  will  vary  aImo:it  exactly  with  the  number  of  trains,  inde- 
peftdent  of  their  weight  and  Icn^h.  A»  will  t>e  seen  from  Table  41, 
the  present  rate  of  expenditure  for  rail  renewals,  in  all  pnns  of  the 
United  Soles,  n  much  higher  than  the  above,  or  about  %xo  per  mile, 
bat  this  can  hardly  continue  to  lie  pcrmanenily  the  cx\*e. 

129.  Yet  it  mu«c  be  ndmitted  tluit  th<:ru  arc  tuinie  Htraiigc  Anomalies  in 
the  recordu  of  maintenance  of  way  expenses  which  seem  to  indicate  that 
wchexpeodtturn^n'ill  continue  tu  lje.ir  a  nearly  consuint  ratloio  the  tmiu 
expemes  proper,  as  they  liavc  in  llie  past.  For  example,  if  Table  41  be 
exaratned.  it  will  be  seen  that  in  every  Item  of  maintenance  of  way— even 
ihotie  which  seem  most  nearly  independent  of  the  number  of  trains,  like 
tics,  bridges  und  buildings,  repairs  of  roaci-bcd  and  imck — it  ii;  the  C»5l 
/vr  mtU  0/  rtkid  which  ir^ries.  and  that  the  cost  per  train-railc  or  the 
percentage  ol  the  total  remains  fsr  mnrr  nearly  constant.  In  f.ict.  the 
cnax  of  rails,  which  one  might  expect  to  be  nlmnst  precisely  sa  much  per 
trMii-milf,  comcft  much  the  nearest  of  all  to  being  uniform  per  mile  of 
rMtA.  Bcfpnning  with  the  section  of  heaviest  iraflic,— the  Middle  Slates 
group,  which  include*  Ohio.  Indiana,  and  Michigan.— the  co&t  of  rail  re- 

rncwal*.  in  cents  per  train-mile,  is 
B|  3.  ja    4joE.    5.03.  tix&.  6.73.  3.66,  averaging  443 : 

while  thai  of  road  and  track  labor  is 
9ti.    ti.o.    ii.o.    8.7,16.;,   S.3.    averaging  to,3. 
Individual  rottds  may  be  compared  almost  at  random  with  similar  in- 
dteaiions.     The  loilowing  two  roads,  not  selected  in  any  way  except  as 
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KptvMnttn^  extreme)  of  trfllSc.  majr  9CT\-e  u  Illustrations.  tl»c  year* 
given  being  tuiHy  representative  : 


At.  V   S. 


P(Dn.  Chu.. 

R.  k.  Cet.«  Aug. 

■Ul.  ■••>. 

TralnspcrtUyeacliway  (main  line). .,.    64.5  34             6.1 
K^paita  road-bed  and  track  (ct^  per  tnJn- 

•""e) 9-8'  "s-     «a-36cte-    10.3  cu. 

Total  cost  of  uain<m{le 86.0  "      87.;     ■■     91.0   '- 


Tahle  41. 

Mais-ttkaxck  op  Way  Dktaiu. 
D«4ue«d  trom  U  S.  Ceniu*  ol  i»c   Sc«  «Im  pr»:M[ne  UMc 


OuHin  «  SiIlth 


TrwM 
n<n  Wu 


TotM  Cmi 

TfilB-Mll» 


Ca)T  RtraiM  RoAit-aair  add 
Tn*iil. 


Expcnm. 


C*on  Prr 

Tnin-Mllc 


Ptr  Milr 


Net  E'lgbixl  7-4 

Middle 9-3 

Swnhern 4-) 

Northwesietn 4.5 

$«ul)>weaten) 3.0* 

h'at  Wcsl»ro ,  J.K 


J1.05 
a.efi%  , 

0-71S 
0.8S 
0.60S 
1.31 


(O.51 
10. IJ 

ri.ii 
11.45 

I3-M 
I  J. 63 


ii.ocoi, 
II. o  •* 

a. 3  " 

16.S  ■• 


«S74 

031 

361 

4S0 
381 


Average  U.  S |    6.07 


to. 91 


II.J3 


10.3  <ls. 


ft4SO 


■  BnliBBwd.   Tbi  Rpert  trf  mc  rawl  la  Uii*  mall  group  tonuina  in  obvlsui  anil  Uig* 
«[»r  nblell  rtilaiM  Un  (seal. 


tivin. 


Ne» 
Bng. 


Rcpnirii  foad-bed  and 

itatli.  p.  e I   10.51 

Per  mil? I    •S74 

Tie  rcoswals.  p.  c. .  .1     3-64 

Per  mile I    t>44 

fifidcca.        build  iocs. 

and  rence*.  p.  c.      6.64 

Per  mile tjfta 

Rail  (enewol*.  p.  c...      4-10 

Per  mile I    t330 

Tool,  p.  c <<).79 

Per  mile fi.081 

Com  per  (rain-mile...  Ii.of 


Kiddle. 


IO-13 

3.7s 
ti&S 

4.44 

17-35 
ti.oji 
•0.906 


Soutb. 


:3.ii 

«373 

4-30 

»97 

S-80 

I131 

6.  Ill 

tlio 

13-41 

•soi 
to.7"S 


N.  W. 


13-45 
»36l 
5.07 

$38 

6.0S 
»176 
S.03 
tl66 

31.6(1 

«635 
(0.S8 


»  w. 

rar 

Weit 

13.  S9 

13.63 

$4*0 

♦383 

4-31 

3.4* 

»I4S 

«4S 

3  4$ 

4.M 

$131 

1-66 

•'39 
6.8t 

«3I3 

*ISS 

31.3' 

31.06 

.•74'' 

$6lq 

I0.606 

$1.31 

Tout 
t/.S. 


11.33 
3.04 

«13l 

5- 14 

»307 

4.40 

•196 

10.41 

#778 
90.91 
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In  TaUc  42  is  given  a  record  of  expenses  for  maintenance  ot  wayon 
five  trunk  lines  for  the  paM  54  years.  In  iliit  i.ible,  ii  will  lie  nntci),  an 
enormotu  expantion  oC  train>milcagc  iins  occurrcs).  ranging  from  (our-  to 
*even-fo!d.  while  yet  the  con  of  mnintaining  track  has.  on  the  whole, 
decreaxil  less  ra|Hdl)r  than  other  muintcnanne  expenses.  There  has 
been,  on  each  o[  thrse  lines,  a  CiCMuiderable  ex{Hiosion  »(  track- niiteagc 
as  well  4S  train -mileage,  but  this  increase  has  been  o[  brunchea  only.  ncK 
<A  inun  line.    Thefcfore,  while  due  allowance  lor  the  cllect  of  this  greater 
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tracka^  would  reduce,  it  will  not  serioukly  modify,  ilic  >trikiiig  c<>iiiraM 
in  number  uf  train-milen  per  year  sliuwn  in  the  t4bk.  in  spite  o(  whicli 
muiriicnnncc  of  way  haa  (lecre^scd,  by  comparison  with  otlxr  itemi,  tio 
littk. 

In  ilic  follow inf;  table  14.3)  the  experience  o(  ihc  Pennsylvania  Railroad 
nnty  is  carried  back  ten  years  further— to  the  very  beginning  u(  Ha  optr- 
Mion,  and  evcr>-  year's  espcrienrc  i*  included,  llic  years  being  avcriined 
together  liy  hnlf-dccadcK  to  eliminate  acddenUtI  variations  and  shorten 
the  table.  In  this  table,  but  not  in  the  preortini;.  fuel,  stores,  and  en- 
cine-waKe*  arc  included  with  repairs  of  engines  and  cars  tn  the  single 
Item  "  motivC'powcr  and  cars:" 

Tablk  43. 

OmATneo  Statistics  or  the  Pwcssvlvakia  Railsoad  (Main  Lirts  axd 
BkANcHes)  AVBiACEi>  sv  IIalf  Dkcai>u  rsoM  tkk  Bugiknino  op  its 

OVSIUTIOX. 


Pa  CavT 

««  ToTat. 

Par  C*n(  af 

VlAX 

AMtuc  Hilt* 
iTun. 

Tnun  Load 

KiHHDmnw. 

M»nicn«nM 

K-  only. 
Tout. 

ol  W.y  u> 

AVUUbKO 

1  s  loak 

MollTf-pewcr 

Hainuoanoc 

wid  Cin. 

iSji-sS-'- 

1.4:6 

101.6 

4a-J 

13.4 

5I-T 

iSjb-bo. , . 

».9J4 

110.6 

43.9 

S3. 7 

5S-4 

It6i-6S... 

S.SJO 

U6.*4 

48.1 

31.8 

S7-5 
65.6 

i»66-7o. . . 

8.766 

tsS.gS 

41.4 

S7.S 

1871-75... 

U.368 

187.76 

38. S 

*3  4 

6t.j 

lS?6-9o. . . 

16.  IBs 

asi.ja 

W4 

IS. 4 

44-3 

1881-34- •■ 

S0.6a» 

398.45 

4". 7 

30.0 

48.0 

Th*  irmiataiAt  ibuirinc  in  naptct  10  th*  cnnrUi  irf  artncc  train-load  tram  loo  1 
In  iSjJ-s  «>  3Po  lam  \o  1881-4  >*  wo*thr  <■'  ftttl  note  Id  iliU  ubk.   For  avnac*'  '"*d  I 
bOih  diRCIktfu  wr  Tjibk  ,t^ 


The  drop  in  the  last  two  halT-dccadcs  is  the  eflcct  of  the  inirottur.iifln 
of  steel  rails ;  but  boiii  in  the  iron-rail  and  ^tecl-rail  erai  it  will  he  seen 
that  the  tendency  of  cost  of  niatnicnancc  of  w:iy  prr  /riiiH-mi'/r  is  to  in- 
crease faster  than  the  lr:iin  expense.^  proper.  The  following  table  1 
bring*  this  tendency  out  still  more  dearly  : 


» 


1 
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Tarix  44. 

CoHTUATirB  CoiT  OP  Maintkxaxck  o*  Wav  to  RKfAiRH  or  Excines  asi; 
Cais  ok  Each  or  the  Pivr  LiNi.i  i.\  Tadli,  43,  Cost  of  Repairs  op 
EnUMU  ANB  Caii>  hkiko  $i.uo. 


S,  V.  Oat. 

Brie. 

Puna. 

a*o. 

r.*R. 

Anrac*- 

««» 

It» 

(Ha 

tWt 

I.li 

0.44S 

1.16 
l.S« 

'■37 

1.33 
'■4S 

o,S3 
0.86 

i.cns 

3.13 

0,61s 

o.fi4 

I.09 

1.31 

0.87 

1.053 

i.0j6 

1. 171 

Arnagt. 

i.}o6 

I-40S 

i.iiS 

i.cjiS 

0.963 

i.iW 

TW  owliaM  ia  Ihe  praponioiuM  cost  of  niAlnlRuncc  iin  Ihe  rarlous  inads  ii  in  put 
pIMH'.  tiul  in  pMt  no  doab>  NsulU  from  conudrnbte  riifli-renct  in  whai  ilfint  ue  ia- 
<liM  la  "  )nainl«n»iKC  o(  wair"  or  o{  un  oi  «ii;1d«&  L.cu  p^ins  mre  taken  m  (hi* 
I  tkia  to  hAO  Ih*  esolpiiritoD  ot  on>  jcu  wilh  uioiha  comrt  for  uch  TOAd  >q»' 


ottHr. 

The  last  column  of  this  tabk  is  the  most  Insiructive.  With  the  ex- 
eepttuB  ol  iS;o.  which  was  an  abnormal  year,  it  will  be  seen  that  the 
tendency  o\  maintenance  of  way  to  incrrase  in  relative  imporiancc,  in 
spite  of  an  itnmcnsc  growth  of  iraiSc  seems  marked  and  clear. 


Table  4». 

Caowm  or  Bxcusn  Tsaik-Miij^aok  a»ij  Coal  CoNsirHmoN  or  Emcirss 

Pks  M1t.11. 


^ 


Tnin-mifes  (1  =  loOoX.  ■  ■  {  I|$j 
Incmue  per  cent 

Eagtoc- miles 

Incrraw'per  cwil. 


Ji»T3 
?  I8E3 


Coal  burned.  l1w.,perTnin'  t  1873 

mile  liSS] 

Increase  per  <cnl 


Cnsl  iMmed.  lb*.,  per  en)  1S73 

pncmlte. 1  1883 

locreaM  per  cent 


Cfe*t 
Emern. 

8.qj« 

'3*79 
53.0 

lO.Siq 

17.077 

S7.S 

4' '6^ 
10.  js 

34. 19 
36.(11 

7  OS 


Greai 
WuHta. 


19.717 

31.118 

S8.0 

33.778 

36.465 

«o.3 

4t-7J 
37.69 
-5.8 

36.13 

33- »7 
-  10.8 


Loodan,  B. ' 
A  So.  Caul. 


S.300 
7.986 

SO.  8 

6.306 
9.630 
SS-3 

43-33 
37.07 
'  16.9 

3699 
30.74 
•0.3 


Midland, 


t<),8tt 

33087 

67.  t 


57-'» 
49.00 

-14.3 


Tike  Blkact  reptaaKed  above  b  S.aai  miles,  or  on))' a  trifle  less  thao  one  third  o( 
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IbU  in  Gnai  Briuio.  and  U  fllrlj'  rrpreseiiiaiive  of  the  whole.     Tb<  chaaee  in  cncioc- 
■ad  liaiD'luail  It  i^ven  only  lur  the  GtcM  Eastern,  u  (oUowi : 


Fmii-CiAu  Goopt-EKuiiii,  Chai  Eutiiw 

Rail  WAV 


•■n 


numdcr  sldiiTinc-whMb.. 
C>Imden 


Total  workinit  inlght.  Van «..„.,.,...,. 

WViiini  prctiuic 

Ctat  TVai'ii  .• 

Coonmpilaii  per  mile 

Kpnd.  Dila  per  hour ..■■■.... 

Airttac*  iMd 

Caamnipliua  p«>  nilc  wUb  nenfc  kail,  ipa  loot- 


5  (t.  J  in. 
tSU-  M 

70,  jm 
140  llM. 

*)-TS«»- 
'J-4 


I«U 


t  ft- 10  in. 
|>H«H 

4<^IU. 


P»T  e«oi 


D.  |.ij 


*  IncrvAK  prr  cent  ^n  p^^vt',  due  :p  <]«crvjvc  of  <3nTf r*.  Thv  fw.*/  incrc4ie  kn  povr^r  of  ibc 
Cn|r>M.  dua  boih  todwrvsMof  drtirrriand  Incmicof  c)rllnd«n.  ihrci  becomn  i(4.6rXi.i>«  m 
■H.1,  M  H.I  p«r  MDt  locrcue  ;  liomi  Mactljr  <^ulralenl  to  the  incieue  of  wriglK.  J 

Th«  hicli  aTmi^  (potti  of  Kiieiiih  iiAios  tuid  (he  mull  power  of  ■  "  Arn-dAv  eom]*- 
eacine"  (omfarwl  with  ufiii.i1  Anirtion  [imrliw  on  liiia  <A  \\a,yy  Iraffit,  «rr  iiolimablc. 
Tha  undancy  of  twlKhine-mlkoEe  10  inawMc  campokratiiiTly  ii  ihowa  in  this  table  to 
pivrail  qullK  ax  ■tronxly  in  EDgland  k*  here. 

The  iboTC  lipirai  an  dtductd  fmm  Tkt  Fncimtir  nf  Jan.  ij,  1S85.  vhicb  paper,  her*- 
•NT,  mika  aome  v«iy  erromnoiii  dvductiom  aa  lo  what  Mve-j  nalljr  xliuw,  poiatol  oul  la 
the  Kailrvad  Gatettt  at  Sepi.  11,  iSDj.  by  the  wrilet. 


Train  Expekses. 
Fml. 


4 


IS6.  The  cost  of  (uel  per  gross  ion  00  American  railways  ranges  from 
B  minimuii)  ol  $1.20  to  tLJo  on  roads  obtaining  coal  at  mines  on  their 
own  road,  10  a  maximum  ol  (4.00  to  tj.oo  al  the  least  favored  poinu 
cait  of  the  Missouri  River,  and  iti  some  cases  to  $6.00  or  more  at  poInu 
west  of  there. 

The  consumption  of  fuel  is  as  an  avem^e  ahout  4;  to  y>  lbs.  per  mile 
tain  (or  heavy  passenger  trains,  running;  down  sometimes  as  low  ns  j;  or 
30  tba.  per  mile  for  light  passenger  trains.  A  passenj^r  engine  ninniag 
light,  without  any  tram,  burns  nearly  as  much  as  this,  or  from  ao  to  30 
lbs.  per  mile.  A  heavily  loaded  freight  engine  of  the  "American"  cight- 
wiiecl  type  will  bum  almost  7;  lbs.  per  mile,  a  heat-y  "  Mogul"  about 
90  lbs.  per  mile,  and  a  "  CoR»uIidatiou"  engine  from  too  to  120  Ihv  The 
weights  and  power  of  these  und  0thcr  en(;ines  will  be  found  in  Chapter 
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U.;  uid  Iroin  dau  given  iher&  in  connection  with  the  above.  It  »ppe«fi 
ito  tbc  a««rage  consumptioo  of  fuel  Increaaes  considcrsbly  Icm  rupldly 
tkuUiepoirer  of  the  engine,  a«  might  be  ejtpe<ctcd. 


Table  46. 
KoTTra-PowiilL  ExrKXKi  Put  TkaikMilk  on  Vasiovs  Emcuui  Kailwavs. 


Mnn-mwu  Karmtu  ih  Draiu 


GnQl 

SonUitni  ud 

WcMera, 


Midland 

Creu 

Wtntra, 


Etflliw  ntuur*— Uhor. . . . 
■*  '■     —material* 

Total  engine  lepaiii. 

Wicn,  inline  crew 

FmI 

Waier 

Ilaandatotvf .•■..■ 

Rcpairi  (hop*.  elCx-nc 

Cu 

OBce  and  general 

Total  OMHive- power.. 


3.76 
1.46 


>.S3 

3.B0 


at.. 
3-49 

a.jB 


6.M 
4.66 
4-M 
U.4I 
0.48 
0.13 

o.  10 

0.40 
16.74 


6.^4 
4.3a 
6. Ill 
O.JO 
O.M 

0.3J 
o.b6 


6.1B 
3.64 

O.JJ 

0.S3 


19,76 


IT  .90 


Tb*  abmc  U  (ram  ■  papn  in  ihr  Traiuatt/ami  of  the  InttituUcn  of  Civil  En^^tDnn, 
■b  rdfFMK*  10  whicil  Itw  Hrtla  liu  loil. 


* 


117i  Sereral  ik^vly  invenled  lypt*  of  compound  tucomotive  engine,  havinc 
•cparaie  bigb'pte*«ii«  *nd  low-pcessare  cylind«n,  are  being  cxtentivcly  intto* 
doMil  in  Europe  nlib.  It  U  said,  xtty  Miiifaemry  reiultx.  If  vt  may  judge 
Irga  what  baa  aJfcady  taken  place  in  marine  rncinri,  ii  is  probable  ihil  they 
»II  epcniiialljr  come  into  s<r"ral  a>e.  and  thry  pramlie  a  contidecable  reduC' 
lion  of  fnal  eonmnpilon.  but  there  are  several  praecical  ilitailvaniiBc*  wiih  the 
tTp*  wtiich  ha»«  not  yel  been  (ully  overcome— noubly  a  difficulty  in  lUriinf;. 
Tin  burden  of  evidence  teemt  to  be  tbat  the  coal  contumpiion  ii  reduced  at 
tbe  rate  o(  abotit  30  to  SJ  per  cent. 

The  consumption  of  foe]  on  EnfUsh  railways  In  general,  however,  it  lower 
than  prevail!  In  tbc  United  Slate*,  although  very  much  leia  so  than  eornmontf 
(Bppoaed.  It  waa  reported  by  the  late  Howard  Fry,  in  a  paper  before  the 
HiMet  Mechanic*' AsMciailon.  at  (roiB  36  10  jj  lbs.  per  mile  run.  (or  pufcnger 
Mfvke.  add  Itom  j;  to  4S  Ibt.  per  mil*  run.  (or  freight  cerviec  ;  but  the  follow- 
in%  ilaliatka.  which  have  beca  cotnplleil  by  the  writer  from  taier  and  mora 
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dcfiniie  lUiUlici  (Tables  4S.  47.*  48.  49),  show  thu   lli«  aciuiki  tlifferciKC  be- 
tween Engltth  w\&  Amerkan  practice  it  lc»  exKcme. 

Il  is  uiince«ua.Ty  (o  eniec  In  detail  into  the  causes  of  (be  difference  IbiI 
English  and  American  furl  consumption.  The  Tscl  exists,  and  In  part  is  eatlly  ■ 
explainable,  by  a  diderencc  in  the  average  irain.load;  in  pari  alsu.  liuubllcss,  l9 
belter  coari-bed  and  alinnnients.  use  «( copper  Arc.boxes,  and.  more  especially, 
Srcaler  skill  >nd  c«re  in  flrins.  The  longst  avetaice  irips  oi  American  engines, 
other  things  being  equal,  should  reduce  the  average  [uel  consumption.  The 
RiaEi  imporiani  tingle  cauic  i*  probably  Ihal  fuel  economy  is  subotdlnaied  l» 
AincricH  to  hauhns  heavier  IoiuIh.  uh  11  uu|{hi  to  be.  nhecras  in  I'lngland  heavj 
licighi  trains,  or  what  would  pass  tor  sucb  in  Atnetka,  ai«  the  cxcopiion. 


Table  4& 
Pasumcei  Traix  Coal  CoKSitHr'Mo.-(,  PeitxsyLVAMA  Railhoad. 


Vaaa. 

Ca«Pet 
Trjia. 

Coal  rsa  Milk 

Per  Car. 

Tolal, 

1S74 

1884 

M 

S.w 
S->3 

s-s; 

S.oi 

5.14 

4  9S 
5,o» 

■>.o 

8-5 

8  5 

8. 73 

8.43 

8.4i> 

8.76 

10.  ;S 

9.61 

to.  84 

10.67 

49- S     , 

45-1 

40  s 

44   S 

43s 

44.4 

4b- 3 

WO 

4<J4 

S3-7 

S3.6 

^THidUl  column  i>  ni>t  c>Mn  in  thn  npori*.  tut  Is  otnsinird  by  multiplyini:  toi^her 
IhrnM  priseedini;  columni. 

Thr  incmic  of  i5ti  per  cent  la  the  ctut  bunicd  per  tar,  notable  Id  this  lablr.  U  nn, 
doubledly  llif  pritT  \aK\  lor  IJie  «iy  much  greater  awraer  wtight  of  pSMrogFr  roathes. 
O'lng  lo  the  incTMiiiii'  proportion  of  parlor-and  >lMping.«at  mileage,  and  the  much 
gitaler  aiaagn  tpeni, 

Thr  P*itnH>b.-inui  li.n  been  icltdrd  mrreJy  IjKauiv  il>i  tidciilici  are  most  conveDtmtJ; 
aconilblc.  Il  It  In  no  mpett  pre-cMinenl  riiber  In  Incteaie  ot  irain-lood  or  in  low  fuel 
coDiunipiion,  1'hc  mo»enieiil  lovald  iDcttiue  al  train-load  Ix^an  un  Ihf  Lake  f^linie 
A  llii'liil^ii  Siiuihxrii,  fi't  cxjiinpl*,  snenJ  yaais  brfora  II  b«can  on  l)ie  Pennsylvania. 
Tbe  rhiladelphia  &  Readine  runs  about  $8  lbs.  per  passenger  tiain-mlle^ 


*Tablt  4t  wn  misplacAl  In  makinE  up  thl*  Pan.bence  urooiBiiinl  (ron  ill*  voluca*. 
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H  Table  49. 

^K      AtUici  Psiiokt-Tkaix  Coal  CoKsttMi-nox,  Peshsvlvahu  RArLKOAD. 


F 

Qotx  Bu.HKii  Pu  Milk. 

V... 

Ho.  Can. 

Tont  Fi"i 

■ 

P»f  Cm 

o(  Tmn; 

Pet  Tnn 

IVr  Car.         PBf  Tr»ln- 

\       ^n- 

TonL 

FffBhl 

M'le.                 Milt. 

Sl.l 

(6.5> 

an 

(.fi46t 

■».a 

ts.s 

L      On.. 
■    1*7,. 

ai.j 

(6-7) 

(.437) 
.609) 

■t-a 

90.3 

■S,9 

(6.q» 

.... 

4-3 

43-1 

PS: 

>3.q> 

(70 

.... 

(sSsi 

l«7i 

4.tS 

9SO 

3S.a6 

lT-3> 

3.63 

91.0 

r   '•».■ 

3S  6u 

7  !5 

436 

.490 

3,70 

■  16.7 

I»0.. 

as  .77 

»  iS 

i  •  *  ■ 

•477 

3.90 

II3.0 

'»)l.. 

34.40 

8. a 

.  -•  1 

.J91 

4.37 

109.3 

I»].. 

34  Si 

(i  01 

.... 

.49* 

4.45 

KM. 3 

■Mj 

33  .^T 

to. 38 

-  .  .  . 

■4S4 

4.67 

100. 1 

tttt 

3J.()6 

10.  S$ 

166 

.4JO 

4-S5 

W." 

1  hi  tfint  f mi;U  iwT  Or  m>  obUinpJ  bj>  diviilini:  (he  coal  rnnsiitnptian  frr  tar  jpna 
bf  th*t  ftr  /.m  ■•  Ibc  iipiiroiinial?  luul  Wright  liy  auumlni:  ihr  avtngc  tar  lo  hm 
Mifhiil  it^oDQ  U».  fyo  lan>)  <n  iS;^  >qT<xci  ll».  (^.j  Imiii)  iii  1879,  and  1J|0do  tt».  (ii.j 
Mb4  m  >W^  ,  ilir  (lal  tmtnpd  ptr  imin  tiy  miiliiptyini;  the  numbo  of  can  t^  the  coal 
pv  f»/.     Thf  remaliuni;  flours  uv  direa  trimi  Hip  fcport. 

TIa*  ficujv^  ta  puFnilJcvn  abi»c  jin  fhlmutnl.  not  bcini;  i;ivm  in  nor  i1i-<Ei]ctb1r  Frcim 
Ibc  rrjrnu .  bol  ibty  are  tiut  in  Urtm  the  inilh.  a  i^iidual  mciNuc  ol  aiTFJsir  cu.loid 
hiiiiaf:.  ai  a  "wH  kBOwB.  hem  (?>(ni;  on  nrn  In  Ihi^  ycjri  '^^■^-^>,  '■hitli  li*.  Konc  on 
fln.^  mm  torpidly  (wT.  Oiie4|(  Uir  rjliiff  mi>oTi>  ^vli^  ihi'  i^mgf  (^r-l<i4(t  Haa  be^n  to 
^■U.  va  all  the  AnnicaD  ewt  .101)  wnl  mink  Una.  hu  been  the  eDcmioui  dlipKipcn- 
tkm  ifDun  ihu  .1  to  n  Di  Mil-bound  lo  w«i-b<iund  traflic  The  Increaiing  aul  thSp- 
HOiu  Wddnatd.  to  <>  (Otuldmlile  exUiil  in  ur>  iTiniiii);  rant  with  Kntln,  ti:u<  in  nemt 
)Mn  helped  auKk  U>  ileCTtoM  Ihi*  dcifimputtion  un  fome  nads :  10  Ihu  the  Increwini; 
amace  Ofvlatd  (■  not  due  (olely  10  InaeWMl  cspodty  of  can.  although  thai  i*  the  chief 


The  pfoporlioa  of  swil^iiins  is  very  heavy  on  English  railways,  Ifae  ratio  of 
mtS^t-taAei  to  iraia'iallc*  being  alroott  unllormly  at  high  a»  iij  lo  100,  anil 
in  wMnv  ca*ei.  a*  high  u  i;;  to  loo. 

0*  Gcniun  inilBayi  ih<  aveia^  consumption  is  about  SO  lbs.  per  rcvonuc 
■Ue,  coaiiciK  about  lia  cenic. 

|}&  Tile  00«  o(  (act  per  mile  run  can  be  calculated  (rem  ihc  above 
4jau  for  attv  panicutar  line.  In  absolute  cost.  It  is  by  (ur  the  man 
rariablc  ekntent  in  the  runoing  cicpenBca  of  r.tilu'.iys.  hut  its  percentage 
«0  the  other  cipctuet  is  considerably  less  variable,  owing  to  the  laci  that 
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th«  nme  csuses  which  make  fuel  more  expensive,  also  increase  the  othe 
expenses  to  a  consiilerable  extent.  The  Total  average  cost  per  mile  lof 
all  trains,  according  to  Tailway  reports  at  the  present  time,  varies  Irom 
5  cents  as  a  minimum  (on  the  Pennsylvania  Kailroadj.  to  about  lo  cents. 
Ill  Mussnchuaetts  and  12  cents  on  the  Pacilic  railways.  There  are  a  few 
roads  in  tlic  Rocky  Mountisln  region  on  which  the  reported  cost  tun>^ 
•till  higher  than  this — up  to  as  much  as  30  cents:  and.  on  the  other  hand j 
there  are  a  few  specially  iavorcd  roads  on  which  the  cost  runs  still  lower- 
down  to  4  or  even  jccnit:  but  these  latter  phenomena  are  mostly  due  1 
uaggeraiing  the  actual  ifain-milcagc  with  ^ctitious  allowances. 


Table  h. 
Epfect  or  Lencth  of  Train  on  Coal  Consuhption. 

[CoBpanllvt  CokI  CoDtuB^iilon  with  Lialil  anil  HetTy  PsMCDset  Tr»ia»— Hlchlsu  OcBU 

Kallreiu],] 


Ms.  or 

At.  Ne. 
Handled. 

CoAl.  C<w»i4mQ>r,  Pih  ktjLL 

At.  Temp. 

Per  C»ol 
Comciinn 
(ot  Temp. 

Correcied 

KcHlDll 

Trl|>4. 

Mia. 

Muu 

At. 

Lis.  Cotl 
l^r  Hue. 

3 
3 

a 
I 

5 

Si 

t, 

6i 

i8. 
55.5 

tl3.t 

6T. 

65.5 

60.7 

6.-3 
6i. 
61.4 
4S. 

at. 4* 

■9--; 

31.  a* 

4ft,  9* 

-4-3 
-i-S.4 

w-52   J 

S7.86 
61.77    1 
JO.Ao 

9 

S.S6 

58.5 

64.4 

60.0 

n..' 

-a.4 

58.S6  j 

Hs«vv  Tuim. 


a 

\' 

746 

S4-0 

Jl!* 

»a.i>* 

-3-S5 

1 
7J07 

1 

.... 

. .  .• 

33.1* 

+  1.S5 

79- 8a 

7 

8i 

71.9 

87.0 

79.4 

Vt 

—  0,35 

79. so    , 

a 

'; 

Si. 6 

87.1 

85.4 

-■3.15 

--7. 10 

J9-.IO     1 

3 

<)* 

73-6 

79-3 

77.3 

44. a' 

Sa.So    ^ 

1 

iM 



.... 

7S.O 

ST.O° 

-l.JO 

73  86 

16 

e.78 

7S-4 

S4.4 

79-3 

3a. 4° 

+  i.ao 

80.35     1 

I 


Koie. — Tlie  »v«r»gfi  or  maiimum  ond  mliilinuin  ii*  mew  arilhm«icnl  iiven(«*  ot 
ibe  figures  giiren.     la  (he  Uut  column  Uii  loUl  nui  oontumplioii  vat  dividrd  b;  It 
toul  ■nilwv'  <■>  C*<  <l>e  sversKe.  ' 

All  (he«  (taiiu  made  rm)ueni  ilofa  :  y>  In  115  mftes.  or  abriui  oneeitry  (our  R1IIM.H 
Speed  DM  itnu  ;  pnitMbl;^  over  jo  niilo  pn  hcmt  nuuiniuai  tinn'Mn  umIuri. 
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Tk  CDmnhni  fm  Unprruure  i>  by  >  role  doluccd  b]r  the  wriwr  (mm  ivcorIs  covrr- 
Iq  MV  mllfeoMi  of  Inin-oillai.  ilut  /in'  i^m-/  f/  iifftwniti  t/  Irmftralatt  aJt'Kt. 
Iitpt  if  trtim  Mi4  all  siktr  t.'mdilw.Hi  ttmg  t^njl,  11  la  imrf^iit  er  Jiminiii  i,vinni- 
nmfiHul  Ik*  r»lt  i^  osT.  ptrnmt  /tr  rati  rulfi  Jtp-ttj  /'•titriiiAn/ (and  a  irnoll  (laC- 
taa^t*!  Jtfirrinr  c/  iKIirntt  Itmferalitrt ;  ■  rule  nuUy  ttniembertJ  and  nnc  which 
■[|Wii  I  W  apply  lalit^  uell  M  bolli  faaaatgiet  and  {reighl  MrviCF.  tuid  to  be  pnclicAlly 
tttwkUi  •bra*v(r  iIm  *lit<t  of  all  other  (siun  for  oriailun  can  be  «limlnai«I. 

Saa  Ihc  «llctt  of  iaciMiinE  (he  avcncE  Impb  of  iram  from  5.56  lo  &;«  can,  of  j-aa 

on.  ■  Aown  above  (o  iDcraasc  Toal  <«a>umpilaii  (rom  jS-jfi  1080.33  1^'  P*'  miknin. 

at  te  Ib4. 

(tnJtn«„aiM  Ikr  ntoot  ~-^ >  6.Tjfilbi.  per  tnileper  tat,  wchavc, 

3,11  can 

Lb«.  coal 
pvr  miJe. 

F«(  l)t>  lone  tnio.  barninE 80s 

Coa*uiP(iUMdBcio«an,  (i.7«x&T36b 59114 

LcBvfng  «>  da*  10  the cnglD*  Blornt.  without  can, st.ii 

For  (lie  thott  train.  buniiii|;> ■    ■    ^9^ 

C««)  coANUnptkin  due  toon.  5.96  X  &7J6, 37.45 

LmtIihE  m  ilsi  to  aaiiiH  alone,  wilhoiit  can.  ai  above,      .    .    ai.ti 

Thia  fCHtli  trtu  ctouly  vrlih  whal  dirad  etperimrnl  hw  iihown  to  b«  the  Minaum|>- 
HM  it  he*<T  |i»Bnlc«r  oiclna  numlce  ''Eht.  Mc,  Ki^ubcn  We:ii  tonic  yean  if.o  iiiade 
•  lt<t  <A  a  bchl  pimaltT  c(i[ine.  14  y  ai  cyllnden,  TunniflK  iiiR  niitrii  villi  mi  itiipc  at 
a  odlt*  per  hour,  and  lustni;  abom  '>n«  anlb  of  its  limr  iinli  in  dopi.  »iih  a  conminp- 
tioiofcaily  itHt  Km,  jwr  nillc,  and  Ihu  tst  ni  In  n^rm  weithcr.  AUcnvlne  tor  the  iti(- 
l(fMKe»  of  tr<sihrr,  siu'.  anil  numbtt  of  Mo|M.  the  <iiiir>pi>n>lrncv  [*  doae,  and  <ith(r 
Intt,  whlcli  seed  not  be  refetrri  to  tn  d>Uil.  haw  ihuirn  fnini  m  10  30  lbs.  Mr,  W|l< 
HlB  Strouifley,  Uadu&iisl  Sufsrlntendeni  of  the  London.  Urlghlan  It  South  Coot  Rait- 
■>y,  alkca  In  a  pafierbtfore  the  Tniiilull"ii  of  Civil  Knclnixn  (tRSjl,  that  a  heavy  paa- 
■enctr  engine  waa  rtin  llf;hl  between  London  and  Dovrr  witli  a  (nntiimplion  of  vHlyT  Ihs^ 
ftr  miJf.  Aa  the  diuaacr  ii  only  a  tiltln  ovci  50  mild.  bawe>«r.  and  the  quantity  ilATed 
■void  iiriiinl  to  only  a  lew  in(h«  nvn  (be  bottom  «l  tlie  firS'boi  of  ao  iquan  feet,  or 
blnly  ai  nadi  a*  the  one  n<ont  ihows  «w  habitually  used  lo  gel  up  Meam,  then  it 
piohaUy  vsk  ntor  in  Ihii  nlimale. 

Tkebest  exiiiiriKdireit  evidnx*  od  ibe  effect  ol  length  of  tiain  on  roalcon- 
nwiptlon  la  gtwca  in  Table  ;o.  There  l»  coniiderable  dillieuUy  in  obtaininjc 
recorcU  ot  Ihi*  kiiMl,  in  which  a  aeries  nf  trains  of  widely  varylnfc  Itngihi  ite 
rua  with  all  other  conditioni  appronimulely  ii]ent<<»l.  The  correi/incss  of  ()ie 
mall  readied  in  Tolile  ;«  may  be  tested  by  grouping  the  various  sinsl'  cccorda 
diflcraDliy — a  ten  wtil<h  (Should  never  be  omlitcd  in  computation*  of  ihli  Iclnd, 
itncc  It  will  ollrn  be  found  llial.  when  gioupcil  in  one  way,  ili«  record*  will 
appear  to  lead  (o  oee  concluaion.  while  if  grouped  in  another  way  they  will 
Indicate  tonicthlne  quite  dlfleieni. 

Tested  in  thi*  way,  ibr  rorrerineu  of  the  preccdine  con<1u>ions  la  ronnrnied, 
U,  iiuteid  of  areraging  the  »ingte  tests  lugethti  in  only  t^o  duscs,  of  "  liKhl" 
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■□d  "heavy"  train*.  w«  divide  the  35  test*  u  i&bulAted  above  Into  foar  cqni 
|[TDU[>i  of  9lx  (cats  each,  nt  nncly  at  majr  be.  and  itec  bow  well  ihe  rule  deter- 
cnincd  beneath  the  table  (ilia,  coal  pet  mile  =  si. 1  +6.74  X  No.ol  c«n)checle« 
with  the  actual  cm)  coniunipiian,  we  liod  a  close  coitespondeoce.  as  lollona : 


No.  or 

Rounil  Tripi 

Ca>s  !■■*  TbaIk. 

(■ouKM  Coat  Pii  Mil*. 

Avonivd. 

Hans*. 

A*erig«a 

AniuL* 

Compuud. 

DttfercDcc, 

6 

6 

s 

5  to     6 

6  to     8 
8     10     •} 
8|  to  111 

6.91 
6.;o 
9.67 

58.74 
63.<M 
79-40 
8].0« 

56- S 

67-7 

7«.4 
86.J 

—  a.a4 

—  0,  ja 

—  1,00 

+  3  " 

■  AdiuiI  cBMumpiion  aftir  tnrtteiiaa  for  diRendcc  of  lempemun. 

The  cortMpondenee  of  ihe  rMidii  under  itiit  entirely  difictent  KTOuping  la 
«tir|ir>HinKly  (lose.  Iriillcallng  that  the  whole  icrle*  of  lesit  do  clearly  cnnform 
to  one  Keneiul  Uw.  l)ul  alxo  IndkaiinK  ih.il  ihc  addition  tu  the  fuel  consump- 
lloti  ii  not  pteci«ely  uniform  per  cat,  but  decreases  ■»  the  train  i»  longer,  U  U 
but  natural. 

Having  determined  a  law  for  expeiimentt  on  aarnall  scale,  we  may  check  It 
foy  recnrdt  on  a  Urge  icalc.  which  latter  do  not  oihecwiie  afford  the  mrini  ol 
dcictinining  the  Uw,  The  Pcnii«ytvania  Railroad,  alone  amoiiK  American  tail* 
way*,  piibliiho  a  table  showing  the  coal  consumption  per  carmile  and  per 
Itain-niite.  and  the  nutnher  of  can  per  train  (or  EVery  monlh  In  the  year.  At 
an  average  of  ihr  l<^iir  years  iDBi~S4,  ihr  HvcrHKc  paMeii);cr  train  and  passenger 
car  coal  confumplion  on  carh  of  its  three  jfnind  division*  naa: 


Pennsylvania  RK.  Div 

U,  RR.  N.  J.  Div 

I^ila.  &  Eric  Div 


CifjPer 
Tciin. 


S-03 
4-70 
4.30 


Potriin  DP  Coal — 


Ptr  Car- 
M>1c. 


10.47 
la. 60 

13.10 


Per  Train- 
M>le. 


S«-7 
59-> 
SO.  a 


Com  puling  nhat  oujihi  to  be  the  coal  consumpilon  per  mile  according  to  tlia 
*ul«  of  Table  50.  and  comparini;  it  with  what  ii.  we  have  the  following: 


Covpimro  (-Cki.  Cm" ■-■mow 
I'oundi  ptr  Ttnln.Mltf 

ACTl'HU 

ucr 
Tnin- 

Bmoi  ih  Poihulji. 

ior  -. 

1 

Doe  10 
KneiiK- 

On  to 
Cm. 

Total. 

Paunda. 

P«r  Cent. 

U.  RR   N.J.  Div 

9t.1 

31.1 
31.  t 

33-9 
31-7 
»S.3 

55 -o 
S3.8 
49-4 

5*. 7 
59-3 

50.  S 

+  »-3 

-<..4 
—   1.4 

+     4.4 

—  10,8 

-  a.8 
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^ 
^ 


Ike  oMTOpoadcncc  htre  is  cUwe,  if  wc  r«in«inlwr  itiai  the  P«an*]pIviQla 
Dnlaoa,  wbil«  inakioK  («we(  tlopi  ihan  ih«  Michigan  Ceniral  tiain,  whos« 
f*cud  au  toed  In  ubic,  hu  a  laigre  proporuon  of  heavy  tlccpiii|[-car».  while 
HmNiw  Jtnvy  DivUtoa  not  only  ba*n  Urge  proponlonof  pairlur*aiid  sleeping' 
an  Ml  tkroogti  Lratiu,  bui  inakrf  hd  enonnuus  numMi  of  iiups  on  iray  uains, 
MHkuitu  Men  Jcney  ami  iiilw  I'liiladelphiu. 

m.  Tlw  conclution  u.  ihercfore.  not  unfair,  that  aoiiieiliiog  tik«  6^ 
W  6|  (bs.  ol  coal  per  mile  iy  a(!<lcd  to  ihc  consumption  fur  e«ch  piUM:ngcr 
ou-uf  lotunn  or  more  moved  a\.  Wiiy-tr^in  speed,  aiid  fur  cocU  il<;c^piiig- 
ou  III  }t>  tons  or  uion  moved  in  lliroiigli  tmuit  making  tew  stops,  uiid 
Dim  u-e  lucuinutive  atouc  ts  to  be  charged  wUli  rather  mure  cu«l  than 
l^'  iluc  lu  itinc  <arB. 

Tbit  1<mI*  to  the  i;onclui<ioailiud«adir«lgli((o  the  amount  of  ]u  ions  added 
■bainin  iif,  tay,  fiTc  curr.  ttill  certainly  not  ineroaae  coal  coniiunpiion  ast  much 
ai  10 add  anotbcr  coi,  bMh  because  it  <lor»  not  increue  aJr  icsittaoc*,  and  be- 
nasB  ttai  added  louJ  decrcoiea  soineKhat  the  (olIInK  resistance  ftrtti.  It  we 
aMvoie  11  ii>  aild  5  lt>*.  per  mile  10  the  coal  coritunipiion.  we  are  ceiuinly  not 
uniicfauiiiatiiig  il  proporlionally.  Adding  6  tons  per  car.  thcrcfure.  lo  the 
average  weight  ul  h  train  ul  five  paHcnger  caii  nieant  nu  more  than  an  In^ 
create  (tooi  ;;  tn  60  Ibi.  per  iro-ln  mHe.  II  ve  utume  ihi*  J  lbs.  of  coal  la  be 
•onb  one  rcnl<at  ihc  rale  of  %i  per  Ion  of  3000  Iba.  for  cnal).  if  tin  vxlra  p.u- 
<e»KCiat  3  fetils  per  mile  be  attracted  to  the  train  every  ihiril  iiip  he  will  pay 
(or  tAe  loH  o(  li»cl  due  tn  addlait  b  loni  lo  the  weiKhl  of  every  passenger  car — 
whkta  KDcs  a  litilo  way  toward  rxpt^ninit  tlie  tendency  to  increase  neit[ht  for 
Uie  sake  ol  luxury,  wliieh  uyits  «o  reeklcM.  This  appears  to  neglect  the  elTect 
«( the  extra  weight  i>n  grule  tesisiancc.  and  an  in  a  sense  li  doet.  as  well  at 
QLanyotber  cflreu.  but  ttiA  ui  much  as  ii  appears  10,  since  itieclleciol  gradients 
il  indudnl  tn  liie  records  which  we  hare  used. 

The  use  o(  wood  (or  fuel  is  rapidly  passing  out  of  date  in  all  pans  of  the 
Cniiei]  Siaic*.  About  i^  cordsof  good  hard  wood  la  cord  being  4  X  4  X  B  feet, 
o*  I jS  tatic  (eel.  aivd  weijcbJnt:  from  yioa  10  3600  lbs.  when  well  teasoned)  Is  usu- 
ally taken  as  equal  to  one  long  ton  of  coal.  tnfcHut  wood«  will  nvcrxce  from 
two  down  to  »»co  three  eonts  of  wood  equal  to  one  ton  of  Rood  (aal,  bul  *ome 
ol  the  poorer  Wetlern  coals  nil)  evaporate  only  halt  or  two  thirds  as  tuucb  as 
good  biiamUioua  ot  anibracile. 


SEFAIKS  OK  KNCINBS, 

t30.  The  fall  in  the  cost  of  this  Uein.  of  late  years,  has  been  very  rapid. 
►■Ul  It  l»  pfoh.ibly  now  at  about  its  minimum.  uii!cm  -md  until  some  new 
[iTOccss  of  manufacturing  steel  and  iron  siiall  materially  reduce  the  cost 
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of  the  raw  muieriul.  eipeciAlly  in  sbupes.  For  tJiis  purpose  solid  steel 
castings  In  lieu  oi  forginns  seem  to  be  Already  on  the  verge  ot  coming 
into  general  use. 

The  table  (;i)oii  pp.  [40  anil  141  shows  the  cost  of  engine  repairs  per 
cnginc-'iiilc  on  the  Pcnnsylv.min  Railroad  for  a  long  scries  oi  years,  and 
■ufiicic'itly  iUuHMtes  the  general  tendency  of  ihc  cost  of  this  item;  the 
uble  showinji  liowevei.  it  must  be  remembered,  nothing  more  than  the 
cose  of  labor  and  inaicriaU  directly  ;ipplicd  to  repairs  and  rencvals  proper, 
without  tncluding;  any  allowances  or  charts  for  repairs,  and  rencu-als  of 
tools,  shops,  inacliinery,  and  other  ilem».  for  which  see  Table  $7  and 
others.  The  fi^rei  given  arc  in  all  cuso  li>r  what  is  now  known  as  the 
Penosylvan's  Kailroiid  Division,  cscludme  ilic  later  acquisitions  ot  the 
Philadelphia  &  Eric  Railroad,  and  United  Railroads  of  New  jefscy. 

131,  From  ihc  above  labtc  it  appears  thai  the  cost  per  mde  on  the 
Pennsylvania  Railroad,  ai  the  prcaent  time,  is  from  5  to  6  cents  for  engine 
repairs  proper,  and  this  may  be  considered  the  minimum  under  the  mo«t 
favorable  circumstances,  on  roads  having  a  heavy  irafBc  und  convenient 
to  the  great  iron  and  coal  centres.  Many  road> — ;>crhaps  most  roads — 
»how  a  lower  average  than  this;  but  such  a  result,  when  it  continues  for 
more  than  two  or  three  years,  is  very  apt  to  be  one  of  the  before-men- 
tioned miracles  of  bookkeeping,  based  upon  running  an  unusually  I 
mileage  in  the  general  olTice. 

132,  The  Massachusetts  roads  average  about  5)  cents— a  surprising./ 
low  average  fur  that  region  of  the  country,  but  doubtless  very  nearly 
correct.  It  may  be  explained  largely  by  the  greater  proportion  of  pas- 
senger trains  (more  than  one  half  the  whole,  us  against  about  one  four*! 
in  the  remainder  of  the  country),  and  also  by  the  (act  that  a  very  exe.ea- 
slvc  proportion  of  the  freight  traffic,  as  compared  with  the  rest  of  the 
country,  is  mere  way  busmen  with  light  loads.  A  densely  settled  region 
will  of  necessity  reduce  the  average  tram-load  heavily  in  this  way. 

133,  Under  unfavorable  conditions,  the  estimate  of  engine  repairs  must' 
be  considerably  incre;iscd  from  these  figurci,  but  by  how  much,  an  a 
maximum,  is  extremely  difficult  to  determine.  The  Union  Pacific  Rail 
road  reports  repairs  of  engines  at  about  710  Scents  per  train-mile,  which 
is  among  the  highest  reported  cosis  at  the  present  lime ;  and  yei,  except 
for  the  one  disadvantage  of  locality.it  19  under  exccpttoiially  lavorable 
conditions  lor  a  low  cost  In  this  item,  its  engines  not  being  heavy  and 
its  grades  very  light,  Itsdivisions  very  long,  and  its  traffic— quite  light  for 
a  trunk  line— almost  entirely  long  haul,  and  moved  at  a  slow  speed. 
From  5  to  8  ceau  may  be  considered  as  about  the  present  average,  (or 
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tS\  daxs  of  engines,  on  roads  with  stitficiem  irafRc  to  have  proper  facili- 
btfior  coMioiny  in  shop  work.  Wagcsdo  not  v^ry  widely  in  any  panot 
IkcVnitcd  iiutes.  (tnd  no  causes  uciiii  for  very  wide  fluctuations  in  this 
lien. 


Taolp.  93. 


CO«T  OP  Locomotive  Repairs  in  DetaU- 

IMnHiMt  •nd  Com  of  Thm  Pmmcw  EneiD«  (or  Tivi  Vein,  New  York  C«otnl  & 
Hwtem  Kinr  RaUkmkI  (IJudwn  River  Div.). 


Ehi^JWH  Ojrl.v. 

TlHDHt. 

ShQJJ'lt  AMD 

Tm-ltm. 

Per. 

HaL 

LaD. 

[Tout 

Mm. 

Ul>. 

Tool 

Mil. 

l.Kb 

Tuli) 

HSU. 

Kitimtn  bud  It  BKbiB- 

■ilttort 
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-•M 

■BW 

.071 

1.7« 

.Ota 

.OtQ 

0,^ 

M 

.<■>. 

s.» 

TooW.  oM*.  pw  aiBi . . 

.««> 

I.OJI 

.lai 

.n, 

...^ 

t.cor 

tDDiO 

M-. 

»'  J 

M« 

4  9 

4. J 

14.0 

44  0 

S».o 

lOO.D 

lOD.e 

Atvng*  bIIbuk  PC  c*«)M  loc  Ok  five  run  iocluded. . 
'■  ■■  "  jr«»r,  .... 
"  "  -  "  rnwHh,  .  .  , 
"  "  "  "  da|i  IB  t««lc«. . 
**  pcr«m  of  line  idiefor  rcpalnOT  MhcririM,  . 
**  "  tot  ti\  tnciBM  at  P*nn«yl*anM  Kailnxd  tiam 
Iht  bt|ifln>DC  ol  lU  hltMry  (««  T*bl«  tO 


ITif  atMt  tttt*  rfprwntt  Mr  Wry  lao/til  (M  «l  wkith  Utomeltvti  <an  tt  aftr^led 
taannlMnka: 

/'In/,  Btcw—  lh«  (Bcinn  mn  mtinly  new  .-ii  ihr  btipnniii|:  of  t!it  record,  and 
■lUnnicb  the  rcoont  MTcn  sonMthinc  w"  h»H  ihe  avctaRc  milMge-lKe  of  a  locomollv* 
litUdi  WXf  b*  Ukfii  jn  6DD.O0O  (jj  &xi«4tii>  niilcnj.  ^ct  lh*  laiur  1m}f  f'f  iU  niilru^C'ljfa 
jmrlnilMt  oM  of  mH-mlj  iroukl  avprii-<r  ihr«  10  tciuc  Iin>i-i  u  hijih  •-!>  ihr  lint  half*. 

Snrtutlji.  and  cqiuUj  fDfiorUlit.  Bccsiuc  of  the  very  heavy  nillcat;c  duly,  which  »  al 
kaM  ihn*  lim*  tlw  AV*nc>  of  Afumcan  p*unncn  ciieino.  aii<I  four  to  tii  limei  the 
a<«nee  of  Baropns  laciix*-  Thu  htait]T  nducn  ihr  riprnMs  aiiajni;  from  [miuenl 
rr-rn  -" dt the tattoc    Cnmf^rt tkt /*ll->a-atg  T4H1  a. 
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Table  63. 
EKniNR  RsfAiRs  PxR  &ltLR  Run,  ix  Dktaii.,  tUS-iSj). 

lacludini:  bvlh  Repair!  anJ  Ke»ta>ali.    Gl.  SOl  &  W.  Ry.  of  Inbnd  (ia66>-7d. 


• 

Bhcixi  Ohlv, 

1 

Khuiiii  abb 

TlaDU, 

<*ni- 

Mat. 

Lab.  Total 

Mkl. 

Lib. 

Toul 

Mm. 

Lab.  1  Total 

ag«. 

CIS. 

-«« 
l.o«> 

i.ebS 
.til 
I* 

.IJS 

■.)■« 

->4l 

cu, 

.sCe 
•J* 

CU. 
"" 

Mi 

] 

(II. 
.«t4 

1 ,1( 

t-i4o 

cu.  1  cia. 
i.oalt  i.Tsa 

S 

■t.i 

DnTfK  anil   ilm  (and 

IrSt. 

i.kt 
Ml 

Wood-worlt  and  lllilnp., 

PitOIIOK   

•■.I 

■  s 

1 » 

Tal*l<.  canw  ptr  nllr 

J  .«* 

.  .,« 

l!«t 

■"• 

iM 

9»* 

l»jl 

jj» 

«.)>■ 

ton  « 

so-" 

U-i 

■i) 

1.1 

S«|     X'l 

W.o 

11. V 

HQ-a 

....J 

7VniC/r  rtfai'r!  vrtn  E^ven  only  in  aei;ncUe.  and  dlslribuled  as  nearly  a»  ought  tw  lo 
ibc  Mvccai  Itcmi  In  uinc  [alia  aj  above  lable. 

Thi*  nun*  lahle  Ji  civen  in  the  (oUawJnc  Table  js,  rearranged  (o  aa  (o  eive  rep«in 
nd  Tenewala  separalely. 


134.  Kc[>.iirs  of  oourec  vary  malehally  nJlh  the  clasi  of  engine. and 
would  be  qiiiic  impossibtc  lo  give  exaci  staiiiiical  evidence  on  ihis  point 
which  couid  be  rt-gardcil  a«  saiisfnciory.  Ii  may  be  estimated,  however, 
with  a  very  coimiderable  dcccec  of  ccnainiy,  aa  follow.'S : 

About  one  eighih  of  the  co*t  of  engine  repairs  is  (or  repairs  ol  tender, 
which  ia  of  course  suhsiantially  the  same  for  any  class  of  engine.  The 
remaining  cost  is  almoiit  equally  divided  between  material  and  labor,  aa 
will  appear  from  Tables  51-53-55-56.  The  cost  of  the  labor  i»  but  very 
slightly  .nllected  by  the  weight  of  the  engine  and  its  various  parut.  al 
though  it  is  so  adected  to  tome  extent.  The  cost  of  Tnatetinl  will  be 
nearly  in  accordance  with  the  weight,  but  not  fully  so.  many  of  the  more 
expensive  puns  l>eing  substantially  the  s.nme  on  ull  engines.  If.  therefore, 
we  say  that  hall  the  loial  cost  of  engine  repairs  (including  the  tender) 
varies  with  the  weight,  and  half  is  Independent  thereof,  it  will  probabljr 
be  very  nearly  exact,  lor  engines  eng^cd  in  the  same  service,  and 
equally  well  adapted  mechanically  for  thai  service.  There  is  no  evi- 
dence whatever  that  the  heavier  cUss  of  enginei  suller  inuieilally  in  wear, 
•od  tear  from  their  difierence  \a  proporiioa  and  design. 
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Table  94. 
Details  as  to  Cost  op  Locomotive  Repairs. 

Cost  Per  TnuD-Mile  of  Labor  and  Materia], 


Ehouih  Railway^ 
Aieragc,  i8AS-;s- 


Lndin  A  Nonhweuern 

HidlUEJ  

<jrui  Nonheni 

Grca:  We«eni .   . .  ....... 

LuKuhircA  Vorlahire 

<k.  Souibem  «  W.  of  IteUnd., 

ArerajEE  .... ,.-,.. 

FitUfCH. 

Vimtt  Orwani.  1875 

Puii,  LTonta  Med.,  iB*j-7«... 

PlCillAK    RAltWAH,    18 J4. 

Suit  Rirlwjm  

SiAie  runirol  Railitayi 

Piiiatt  K*ilwaTi  


Increase 
per  cent 
in  No.  of 

Eo^na. 


% 

3J.J 

B.I 
ta.3 

«.= 

IJ.o 


36.4 


Labor. 


cti. 

3.1J 

3-86 

3-o« 


3. '3 


1.70 
*,oo 


Lat»r. 


R'd  H<K.   General. 


o.,8 
1.33 

D.SO 


1.  lO 

1,16 

l.OJ 


AuaaiCAN  Kaelwavs, 

n^ili  A  R'c  <t86g-T3l.  repajn  onlr 

■■     (il;^-8ii).         ■'  "      

"  <LS6q-7;l,  reoewaliorly..  ... 
"  "    /ia76-fto),       "         lapproi.) 

*'  total  rcp^n  and  ren'lirfig-??). 
"  OS-to). 


j.lB 
a. 81 
D.  6a 
4.71 
J.98 


Matt- 
rial. 


cti. 
3.10 
J.  10 
i  "t 
358 

3.?* 
3.8J 


3.11 


9.31 
=■83 


1.70 
■.98 
0  97 


J  94 
1.93 


Total. 


ctt. 
1I..4 

6.44 

*  39 
6.90 


6.34 


4,M 
4-83 


3-38 
*.47 
1.8a 


«.S4 
*-3' 
5. 03 
>  ! 
S.87 
«.8i 


PerccDt 

of 
Labor. 


* 

40.6 
40. 0 
S.7 


t 


.1 


47.6 
44.6 


49.1 


.1.6 


SD.O 

65  4 


.6.1 
(S5.) 
(40) 

<58.4l 


At.  To>al 
Coat  Ke- 
pajn  for 

II  pKced- 
InE  yra., 
i8«-*9. 


6.9a 
7. 1 J 

587 
6.73 
S.3« 


6.40 


For  further  notes  as  tD  ratio  of  cost  of  labor  to  material,  see  Index. 

None  of  these' figum  include  sicp  and  general  charges,  maintenance  of  machinery, 
clerks.  draughtioieD.  policing  shopa,  etc..  which  run  about  so  per  cent  or  over  of  labor 
aaount  on  nearly  all  railways. 

These  statistics  are  supposed  to  be  all  per  train-mite.  The  ratio  of  engine.-miles  to 
train-cniles  on  English  railways  is  about  as  115  ro  e<w— sometimes  even  177  to  m>-  The 
tame  holds  substantially  true  of  American  railways,  reported  statistics  beine  geneially 
computed  per /n^JK-mile.  A  deduct iort  of  15  to  20  percent  from  the  total  cost  of  engine 
repairs  per  traiD-mile  will  ^ve  the  cost  eiciuding  switch ine-engHnes,  which  cost  much  less 
per  mile  for  repairs  than  othen,  on  most  roads. 
10 
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Table  S9. 

ENcimt  RtrAiu  Alto  RexEWAis  ist  Detaii^-Gt.  So.  ft  W.  Railway  or" 

Ikelanp  (1866-75). 

Cenu  Pec  Train-MUB. 


iTKHf. 

L^ikoii- 

Matkkiau- 

r.niMt 
Towt. 

Pc 

Be- 
pain. 

To  1(1. 

Re- 

ncwali. 

Re- 
gain. 

Toul. 

CC01-  1 

Boiler 

ctl. 
■'M 
.■It 

•M 

v* 

l.»4) 
(■H) 

(.IS) 
I,  Ml 

-4J« 

■s» 

,418 

1  ant 
"!• 

•'JO 

>.6Sd 
41.0 

CM. 

•»> 
374 

■54 

•tv> 

■  op 

Jl» 

•  ■> 

.■M 

.6m 

'■;) 

.Pit 

t  J*i 

•9* 

I.JPS 

>  J" 

.4>4 

..4« 

■1.1 

Smoln-bsi.  «K —  ... 

41 
»»• 

MV.I 

TowlKnEinc. 

■  J't 

'■S4> 

3  166 

i  Jfc. 

«!    J 

.B4S 

.tHK 

1^ 

ife 

■  !»> 

-W* 

It  r 

.8n 
11. • 

■  ,876 

t.DTfi 

Intlll 

3»i> 

t  jiS 

0,1 

Jl-D 

■I  .a 

J). a 

lea.a 

... 

Cridili  foi  old  mAterut  (amouatlni;.  on  ivpain,  \<>  .964  <fnt-  on  Tmrnal*,  tu  .ii)> 
«mt — toul,  .45eo«il>  »fe  10  bf  d«luc(cd  (torn  ihli  table  (or  nn  CMi,  protuljlj'  aboul 
in  thr  ftnipfirlKin  of  1w<j  liiin^v  Un  (>lil  hrjut  JTk  bcjj]i*r  and  »iir  ihiril  fur  olhvr  pan$p 

fropnTltan  ,</renrsnt!i  /j  rrf-Jir,  aboul  noimti.  (or  i:fiwt»l  pcaclk*. 

1  hf  labor  on  r(iMir»  I)  an  appniiinule  diitiibuilon  where  given  In  braclcctt,  otherwise 
the  diilnbuiion  la  eiACt. 

XimmJ-iffiii/  rtpairt  conMilula  ovBr  tliirtjr  per  cent  ol  Ih*  Ubor  On  npsin  props,  or 
,6i6  »ni  per  mile. 


Unf^er  ihcsc  assumptions  wc  are  led  to  ihe  conclusioa  that  cnjriiiFs  of 
thcConsotiilBtLon  lypcwill  cost  abom  a;  per  cent  more  per  utile  run  than 
Ihc  ci)i:h [-wheel  "  Amcricin"  engines,  or  say  6}  cents  under  the  most 
favorable  ciiciinisiaiiccs  for  repairs  and  renewals  proper.  Heavy  Mogul 
or  ten-wheel  engines,  similarly,  will  cost  about  one  lenih  Co  one  c'ighch 
more.  This  estimate  is  entirely  consistent  with  the  as  yet  fragmentary 
and  imiicrfeet  records  o(  experience,  but  the  latter  do  not  exist  In  suffi- 
cient abundance  to  say  that  in  themselves  atone  they  prove  anything. 

Scd  foni  rA  pBiT'  J4S 
NriTK  ra  TAIII.B  S7. — Thr  Amrriun  ilat»tic»  (and  nol  the  CocNib)  ibow  the  Oon 
per  rtv^nur  tiain-mile  of  nJ/  riiRines  inctudlne  twlichlne- 
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Ejbim  \ai.i%%  *>D  Rk«iwals.  Paris  &  Ouxanb  Railwat  or  Fkajkx 


LiMit.        1     Hat»iau, 

TOTAI.. 

Gr*ad 

Rr- 

Re-        Re- 
paln.    ntnli. 

Rt- 

Re- 

nawala. 

Re- 
pair*. 

TouL 

.t]0 
.040 

Mi,     -Vfl 
.J70,      .  106 

.540 

■  471 
.146 

.910 

.170 

i.aiz     .44S 

1.77B 

.6ia 

2.990 

j.tioa 

.074 

.tA% 

■OW 

.:6S 

.348 

.161 

.241 

TmiI  all  nptir  expcoM*. . 

1.704 

S.330 

40*4 

4.034 

Th*  pnpCKlkni  of  roienli  U>  lejutn  in  Ihls  table,  aod  En  lr(«  rivcrt*  lh«  col  of  n 
ftinOBly,  iaalawd  lobe  unduly  low.  ta  appeancanain  fiom  llic  Aguri. 

Table  97. 
ToTAt  Cost,  bv  tTBMs,  of  MoTivc-PowtK. 

Cmw  P*r  Train-Mllr, 
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Table  M, 
Co»T  OF  Motive  Power  and  Cars  on  Twestv  English  Railways. 


CorporuioDi.      CorpDiaEiaD^ 

Man. 

II.OOS 

33.203 

335.158 

17,064 

6.11S 

14-903 

171.431 

16.  >;20 

1.            T 

11.46  CIS. 

6.17  •■ 

I  a.  94  CIS. 

6.90  ■' 

18.63  CIS.       1    19. 84  CIS. 

%  .  58  CIS, 
3. 88  - 

a.iScis. 
3. 98  ■■ 

25.09  CIS. 

36.  10  CIS, 

$1,066 
'33 
.3.41 

$1,148 

160 
2o.3o 

$i,ioS 
370 
55.40 

■•    "agoTf  >"^  1 :::::;::: 

Cnglbh  tarriages  and  wagons  ma;  be  considered,  withoul  imponant  error,  to  have 
tul(  Ihf  weighl,  capacily,  and  cost  of  AmericaD  roUing-stock.    See  Index. 

In  answer  lo  inquiry  as  10  experience  and  praclice  wiih  Consolidation  en- 
gines on  Ihe  Pennsylvania  Railroad,  the  nriler  »a»  informed  as  follows  b; 
Mr.  T,  N,  Ely,  Supt.  of  Motive-Power: 

"I.  Consotidaiion  locomoiives  are   nol  mucb  harder  on  curves  than  other 
loeomolives,  we  Ihink. 

"I.  The  comparative  cost  of  repairs  per  hundred  miles  between  a  Class  I 
locomoiive  (Consolidation  type)  and  a  Class  D  (len-wheel)  locomotive  is  about 
■*  follows: 

"Class  1 4,87 

••Class  D 4,50 

Difference 0.37 

or  nearly  eight  per  ceni  against  the  Class  I." 

This  percentage  of  difference,  although  founded  on  much  rxpeiience,  mutt, 
Jt  would  seem,  somewhat  underrate  Ihe  normal  difference. 

Passenger  engines,  as  a  general  rule,  cost  about  twenty  per  cent  less 
ior  repairs  than  freight  engines,  or  about  four  cents  per  mile  under  the 
most  favorable  conditions. 
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Table 
Minor  Details  as  to 


89-60. 

Locomotive  Rrpaiks. 


Ikf*ii  iitms.  Ge.  S 
ble  ;i  > 

CtHTl  Pm  THA^H-Mll-E. 

Dri^ii  itrmi.  Cl,   S 
&  W.  ky.,  IreUnd 
iCondenied  in  pre- 

1    ceding  [able.) 

C'HTi  Pn  Traih^Hili. 

Rep^r).]  Ren' Is. 

Toul. 

Rcp'rs. 

Ren 'Is. 

Toul. 

Copperplate!  .^.^..      .o^t    i     .169 
FiR-bm  ind   bnck                ' 

■OH 

.361 

,416 

.IiB 

■'S4 

.»ji 

Ciotkine,   fiainlitie. 

.060 

.o,g 

.iiA 

wed- '     .iifl     1  1    j^ 

Buler  Biadrici. m8    ,  f '"* 

Total  £jv/i'».,,.. 

'■S*' 

I  JJ4 

3.966 

916 

.656 

r*j«'«- 

.iSo 

.191 

■ST' 

.CV> 

■•44 

J»«i^>Jtf«  t9it//»f^\ 

Emginw  Atid  Und*r . . 

i.Sia 

I.B70 

j.sjs 

Wh«ii,.„\ 

■64 

,091 

.164 
.14a 

.HO 
.■60 

Leu  ertditt -.- 

.164 

.19» 

,4S« 

^d3ffr  dfff,,  u  di»(ribu(«d  in  detail  to  ffeiu 
ermi  itemi  in  Table  55; 

■i'» 

-ST* 

1-oqt 

p 

Taul^HHirf  ■'/-(;> 

Labor,  r'd-h'Knp'r, 
"      fender      " 

.«i6 

.09S 

Cjliaden  - 

.04J 

.oja 

.041 
■«M 

•OM 
.OJO 

-os> 
.iji 

1 
■  JOS 

»o 

i.ig6 

Aik-bOKCi  ^ 

.3*4 

fiif-rnd  braua...    . 

PitioaK,  etc      

Glands  uid  biube^ . . 
Slide- vaJtc  CAitinjri. 

ToWl  L^KlT 

i.M 

.Boj 

1.6S11 

Ifachincry  nukdriH. 

Proportion  of  round-bouie  repain,  PhJlL 
ft  Eric  R.R.,  about  ibe  vunCi  viL?  >6pcrcait 

Tol*l  MmtJkiwfry.. 

■y* 

19= 

.6w  ; 

of  Labof . 

5ee*lso 

TablttJ 

«. 

Table  61. 
Cost  of  Maintenance  of  Tires  in  Detail,  Gt.  S,  &  W.  Rt. 

Cents  Per  Train-Mile. 


EMomu. 

Teailert- 

Datk, 

Put. 

-33 

-44 
.33 

FRldhl. 

All. 

Toul. 

1860-64..  ' 

iS6s-6g. , . 
1870-74... 

■  57 
.46 
■44 

.43 
-45 
-30 

-34 

■15 

.33 

.66 
.60 
-S3 

Average . . 

■33 

■49 

■39 

■  31 

.60 

Hilei 

lee  of  Tirei, 

Iron, 

Steel, 

4-6" 

S3,303 

K>5,70o 

e 

19 

'6" 

4.S00 

6,JSoa 
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Table  64. 
Cost  of  a  Pknnsvlvahia  Railroad  "Class  I"  (Consolidation)  Enginb. 


Uilerial. 

Labor. 

Toul. 

»',877 

Q35 

1.456 

300 
652 

47 

«5-i67 
845 

Tender 

ToL  engine  and  tender. 

t^.ots 

$3,968 

»9,930 

Phila.  &  Reading,  iBEi,  average  o(  i8  engines.. 

$10,370 

See  ilio  T*b1e  134. 


Table  69. 


Ratio  of  Cost  op  Materials  to  Total  Cost  pok  both  New  Enginss 

and  Repairs. 


Oh  Niw  Encinis  (an  Rihkwau). 


Oh  RiPAim  Ohlv  Krx  Rkhbwau). 


ChlcxEO.  B.  A  Q.  RR..  Clan  A 

PeDDiylTAiiia  "''         "      €.-■■■■ 

■■       1 

Engliah  (R.  Price  Wi1li>m» 

Gl.  So.  A  W.  »[  Ireland 

"  "  '■      rencirali. 

ParliA  Orleam 


NewYorkCeni.  ft  H.  R.  RR 

Phlladelpbia  ft  Reding 

A»,  o(  U.  S.,  rrfairitHlji 

'*  '^       rtpairt  tntt  rttirantU.  - 

GL  So,  ft  W,  of  iKlaod 

"    BT.  npainuid  rencvali. 
Pari!  ft  Oil., "        , 


M.o* 
*J-3 
Abt.,  44 
"     SO 
*!J 
JS« 
S».o 
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139.  The  apparent  cott  of  repairs  has  been  kept  down  on  nil  our  rail- 
nys  for  the  time  being  by  the  constant  additions  of  new  stock,  thus 
gmily  reducing  the  perccnuige  of  renewiils  and  heavy  repairs.  Table  51 
«ill  show  to  whni  a  very  important  effect  this  cause  must  liave  contrib- 
uied  to  Tciluire  ihc  apparent  avctaxe.  especially  during  the  rapid  giowih 
ofUalRc  o(  the  liu.t  ten  y<ar», 

136.  The  distribution  of  the  cost  of  repairs  to  the  various  parts  of  the 
laronuxive  concerns  us  quite  as  much  ai  Its  total  amount.  Information 
oa  ifaU  bead  is  somewhat  difficult  to  procure,  as.  so  far  as  the  writer 
kaowf.  no  American  railways  publish  such  statistics  in  a  complete  form. 
Md  few  take  much  trouble  to  collect  the  information.  Tables  jj  to  67. 
however,  ijive  the  co«  o(  new  "  American"  engines  in  detail,  and  also 
wry  lull  statistics  of  the  cost  o(  engine  rcjuirs  and  renc»al»  on  English 
nitways.  which  latter  are  undoubtedly  substantially  accurate,  and  (with 
prof>cr  allowances)  of  general  application  to  all  railways. 

137.  From  tiKse  data  wc  may  conclude  that,  with  no  very  great  fluc- 
isations.  the  total  cost  rhai^able  to  repairs  of  engines.  Including  renew- 
all^  nay  be  distributed  about  as  follows : 

TIk  boiler  and  its  attadimeots  require  about 9o  per  cent 

The  running  gear  and  frame  (of  which  the  frame  consumes 

B         very  little,  say  3  per  cent) 10  per  cent 

^  The  machinery  proper 30 

Tbe  mountings,  fillings,  and  pointing, 13 

The  smoke-box  and  attachments, ; 

Total  of  engine Z-j  per  cent 

The  running  gear  of  tender. -    •    9 

Tank  and  body  of  tender. 4 


Total 100  per  cent 


Maintennncc  of  shops.  tooU  and  machinery,  and  other  miwcella- 
Rioi>ve-powcr  expenses  do  not  usually  appear,  as  before  stated,  in 
itaiemcataoltlMCost  (if  repairs  or  of  running  engines,  although  theycon- 
sthuie  a  legitimate  iuldition  thereto.  ()n  the  Pennsylvania  iTabk-  J7J 
these  Items,  including  Ktalionery,  incident^lK.  and  waichmcn.  hut  nui  in- 
clifling  the  item  of  '■  iaborcrv" — the  latter  doubtless  l.irgcly  for  cleaning 
rnginea.— amount  to  twenty-live  percent  of  thcccMi  of  engine  repairs,  or 
■bout  1}  cents  per  tnin-mile.  and  the  item  of  "  laborers"  to  as  much  more, 
0^m»  Is  higher  than  is  usual,  or  petluips  it  would  be  more  proper  to  say 
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that  it  is  based  upon  a  closer  apportionment  than  la  usual,  ntanjr  llocft 
having  items  of  a  general  character  for  taborcra.  clerks,  etc.,  to  which  all 
such  are  charged  for  the  whole  road.  without*scparately  apponlonlnBT 
them  to  motive- power  and  other  departments. 

139.  Maintenance  of  tools,  shop*,  machinery,  and  other  miscenaneous 
and  Indircci  motive-power  expenses,  averai^  as  nearly  as  may  be  i  to  i^ 
cents  per  train-mile  on  the  larger  and  more  important  roads,  langing 
considerably  higher  on  smaller  ruads,  i(  all  the  expenses  are  apportioned 
with  equal  care. 

This  i.s  an  expense  which  is  affected  but  slightly  by  very  considerable 
variations  in  engine- mileage,  and  hence  ought  to  be  kept  separate  from 
«ngine  repairs  proper,  but  rarely  is.  It  is  an  important  clement  in  the 
total  cost  of  motive  power. 

140.  Oil,  waste,  and  small  engine  supplies  cost  on  an  average  about 
«ne  cent  per  mile.  J)ut  often  run  as  low  as  half  a  cent,  or  even  le:ss,on  tbe 

Table  66. 


Phcsmtaoes  op  thk  Cost  or  Lahor  am>  of  Matibial,  and  o>  TMal 
Various  Parts  of  Nsw  Locomotives. 

(Shop  and  geDnal  upeDSM  HM  indodK),  amountint  to  sbout  s>  P*r  <«■■'  Of  Labor 

Account.) 


(For  amaunii  m  Tiblei  6i. 

C.  B.  «  Q.  RR. 

ICuhHv. 

St  M  Frtidht. 

Pinna.  HR..  "  C." 
St'd  PuMDger. 

P»NB».  RR.  "  I." 

St'd  Ficicht. 

tj.  eu.i 

LabV 

Mh'1 

Toul 

11' • 

'T  I 

4.> 

Ub'r 

Mm') 

H.fi 
lO.J 

') » 
I.I 

T-4 

o.fi 

Tolkl 

Ub'f 

Mm'I 

Tout 

«.8 

IO.fi 

S) 
I.I 
S] 

O.q 

T-> 
■«.» 

■  .1 
14,1 

o  1 

9.9 

ll.O 

».j 
jfi.a 

4  ) 
H,9 
'  ) 

lii») 

(UB) 

U.e) 
(J.o) 

IS.I 
9-4 

U-fi 
*.« 

o  ) 

■1,4 

n.s 
«-■ 

II. 1 

•-» 

JJ.O 

«.l 

•f.S 

fS.e 

Si  o 

8}o 

<M>) 

J' 8 

<n-9 

Ji 

s? 

It. J 

*.6 

'•■* 

■  r.o 

rt.«) 

»-4 

')• 

iss 

6.  ) 

loo.o 

j,.6 

«74 

lOD.O 

19  S 

fir>( 

laa^ 

Reporud  COM  libor  ud  mu'lt. 

fc.>«i 

t>.9S< 

•«,«So 

CfllDdcn  lod  wclKbl  (>o(iE('ni: 

■txu 

lfX»4— jj.S  loot 

NXIt  —  V^.V  I^O>. 
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Tad  LB  «7. 

FiKtXTACts  OP  Cost  or  VAHiout  Partis  for  Vaxioue  FofteiaN   LocoMO- 

rrvEs. 

IXat  AMcncan.  ice  prtradlnK  Ublc.    Sm  *Im  T«ble  111.) 


H                   InM. 

Or  So  «W. 
llrdanill. 

GaiiAT  Womw  Railm-av  iHnRlaadl. 

HniVy  PaiHDKtr. 

St'd  FniHbt. 

Ub-r  Mal-I 

Toul 

U6V 
•IT 

Mill 

Tn»l 

Ljbi 

Mu'l 

Teial 

4'S 

1 1 

JJ.O 

}  4 

114 

•«.t 

t  1 
J-J 

Va,6 

M-6 
1  » 

•  9     . 

••-J 
3.1 

£2^K,v,  ■;;;-".::::::: 

V              ' 

..... 

j«a 

Bj-i 

•4J 

S6. 

to.. 

St 

■  •  > 

'J  5 

6.S 

IJ.O 

t»» 

1             Talal«f«IMMrf  wader.. 

... 

»•» 

?!-» 

1B0.4 

•fl.i 

r>  % 

I40.9 

1  ft 

«».. 

lUO.D 

^    Kfpontd  call,  labor  anil  mal'li 

•9*r» 

*».«• 

1          tA-ra 

^PcrUadtn  wid  inlcht  <1«ar  i'<nl 

(>TX**>-^B.)ton«. 

'?X»«    11  lent. 

1  ijX»4— jo.j  took 

■    Apprat.  locran  par  not 
^         «M.4ncio 

in 

1  brM*  <•■  >■''    >>  -^ 

f  wr"t 

•i.  obs 

irjrf 

TAf  JiitrltmlitiM  It  iltmi  »  nol  prcciiclr  Identical  in  Ihtw  ubin.  u  will  be  ijipiRriit 
MB  Ibc  t«ncB**CB.     Uulliplrine  ai])r  pncmug*  b]r  (he  loul  com  |^m  ttir  tbdoluM 
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larger  roadk.  especially  where  there  is  an  independent  account  kept  wiih 
each  engine. 

141.  Water-supply  costs  about  lialf  a  cent  pertraln'Riilcassn  average, 
sometimes  running  oclow  thai  on  roads  oi  vciy  heavy  traffic,  but  oftcacr 
running  nearer  to  one  cent  per  mile.  On  nil  but  roads  of  ver)'  consider- 
able traffic  one  cunt  is  the  safer  estimate.  The  quantity  used  lsver>-coq- 
siderable.  About  six  or  six  and  n  half  pounds  of  water,  as  an  average,  it 
evaporated  per  pound  of  coal,  and  a  freiglit  engine  burning  a  hundred 
pounds  of  coal  per  mile  will  use  some  cigliiy  gallons  of  water,  or  require 
the  refilling  of  a  2400-gallon  tank  within  tliirty  miles  at  the  utmost,  ax  an 
a«rage.  Practically  the  consumption  of  wnicr,  as  of  coal.  i»  trre^iar, 
and  a  full  tank  may  in  cases  be  used  up  within  Tifteen  milc»:  requiring, 
for  practical  convenience,  tanks  every  ten  miles,  which  is  the  aveniKe  oa 
road*  of  thin  or  average  traffic  On  lines  ol  heavy  iraOic.  t^inkn  are 
placed  at  avcraRe  intervals  of  hardly  more  than  five  or  six  miles.  Table 
S7  KU'CS  coniidcrable  data  u.i  tii  these  minor  items. 

t4I>  Switching  engines  ctmslitute  an  cnormouK  proportion  of  the  total 
numbcf  in  service  on  most  roads,  the  average  of  the  whole  Stale  of  Nc* 
York  being  twcniy-cighi  per  cent  of  ihc  whole  number  in  service,  or- 
nearly  forty  switching  engines  for  every  hundred  in  through  scrviceeam- 
ing  money.  Tlicir  •■mileage"  is  fixed  by  an  allowance  (usualiy  six  mile» 
per  hour,  but  sometimes  eight),  so  as  to  bring  their  expenses  per  "  mile" 
in  some  reasonable  or  desired  ratio  to  that  nf  through  engines.  Th« 
great  expense  of  this  service  docs  not  tend  to  decrease,  but  rather  to  in- 
crease, with  growth  of  traffic,  and  is  with  reason  felt  to  be  largely  due  to 
removable,  and  hence  discreditable,  defects  of  administration.  Tbs 
burden  Is  somewhat  relieved  at  the  larger  terminals  by  ftscd  terminal 
charges  allotted  out  of  the  through  rates  before  dividing  it  (at  New  Vorit 
tour  to  five  cents  per  hundred  pounds  out  of  through  rates  of  twenty  to 
thirty  cents,  or  even  less).  It  is  a  charge  but  little  aflcctcd  by  any  of  the 
details  of  alignment,  so  that  wc  need  not  discuss  it  in  detail,  but  in  cer- 
tain computations  it,  is  an  clement  which  needs  to  be  remembered — nota- 
bly in  compulations  of  the  value  of  reducing  grades  an  old  roads,  wherebjr 
this  portion  of  the  motive-power  expenses  is  not  seriously  reduced. 

TTie  ilisgram  (tiven  in  Fij;.  4  lilusi'sics  very  (airlv  (he  past  rrndeney  ot 
loeomolive  expcnt«s.  Atone  of  all  the  item>i.  kskci.  il  will  lie  seen,  have 
remained  pracUcally  uniform.  There  was  a  slight  tendency  to  decrease  dutinf 
the  hard  limes  of  ift77~79.  but  ihcy  recovered  laier.  and  remain  at  ihe  cnil  sub- 
siantislly  what  they  w«r(  in  the  becinninK. 

The  cost  of  tueldeclined  sharply  after  tS73.  but  since  lS;6  has  been  neailf 
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QnKonB.  Two  possible  cause*  for  ihit  aie  indicated  en  the  diagrtm.  bolh 
which  probably  had  ibcir  ciTeci.  One  nu  the  Increase  In  miles  opcnied,  wh 
probably  gave  belter  access  to  coal  mine*.  I>ul  anolhet  and  piobably  ve 
imponanl  contributing  cause  wua  Ibe  increase  in  miles  run  per  engine  per  year, 
wbich  likewise  began  simullaacously.  and  ceued  lo  advance  »harply  a(ier  lh« 
CO>C  ol  fuel  eeiued  to  decrease. 

The  course  of  c(i»l  «(  repairs  is  very  ln*lruciive.  tt  will  he  »c«n  that  the 
deereaie  has  been  enormous,  and  Jt  is.  doubtless,  in  great  p.iri  due  to  naitiiul 
and  permanent  causes,  such  as  the  decrease  lo  coM  of  materials  and  belter  t>hnp 
fACililics,  But  it  need*  but  a  brief  glance  ■(  llic  line  shuiving  "  Number  of 
engines  oo  lOad."  in  conoeciion  with  the  cost  of  repairs,  to  delect  another 
•splanatlon,  of  vast  Importance  In  its  eHccl  on  operating  expcntet,  which  i» 
loo  little  remembered  in  ttudying  mamienancr  charge*.  vi(,.  the  Tnurmoiis  unit 
continuous  infusion  of  "  new  blood  "  into  the  locomotive  slock,  giving  at  all 
tLmei  ■  very  large  number  of  new  locomotive*  In  the  stock  in  aJ'Ulisii  to  the 
proportion  nalurully  requlrsJ  to  replace  old  engines  worn  out.  At  new  engine* 
cost  compuralively  little  tor  repairs,  it  is  inevitable  that  this  abnormal  propor- 
tion of  neif  engines  should  grcailv  ftflecl  ihe  average  cost  ol  repaiis.  and  it  is 
»ery  dear  ihui  it  iliil  *o.  The  very  small  expense  (or  lepnini  in  1875-9  ""  "*' 
wholly  due  to  economies  enloiccd  by  bard  time*,  although  no  doubt  largely  so, 
but  in  great  pan  to  ihe  fact  that  there  iva*  u  greater  proportion  of  new  engines 
in  service  than  at  any  lime  before  or  since.  Afterwards  the  inevitable  increase 
came  alHiui.  in  spite  of  heavy  falls  in  the  cost  of  much  ol  the  material  used,  due 
to  improTerf  procffsom  of  manufacture  and  chcajirr  itan»por(«tion,  and  should 
Ibe  continual  additions  uf  new  Mockcease.it  is  very  certain  that  the  incrca-e 
must  go  still  further.  It  is  to  be  remembrrril  also  that  these  nominal  "  icpaiis" 
do  not  include  many  Incidentals  for  maintenance  of  shops,  etc,  wluch  ate 
really  a  pan  ol  the  cost  of  repaiis,  but  not  ordinarily  included  in  ic.  A  chiet 
reason  for  the  heavy  decline  since  iSM  i*  iind«ubte<tly  the  continued  Improvi 
mnni  in  the  character  of  the  rood  bed  and  in  the  qualiiy  of  Ihc  norkmanship  a 
material  used. 

The  Increase  in  the  average  mile*  run  per  engine  shows  an  unusually  fav 
able  record.  »n  J  one  not  likely  to  be  much  farther  improved  on.  lince  an  avrrogt 
of  nearly  a  hundred  miles  per  djv  tor  every  A»,y  In  the  year  and  for  all  engioea 
nearly  reaches  the  possible  limil.  It  implies  that  single  engine)  have  mote 
Ihsn  doubled  this.  The  decrease  in  miles  ran  and  simultaneous  increateincos^ 
of  repairs  per  mil*  run  in  lS3s  can  hardly  be  an  entirely  accidenul  coinci' 
dence. 

Tabic  tA  shows  the  average  miles  ran  per  year  and  the  average  cost  per 
year  of  "tocomotive  power"  (repairs.  *ior«*,  wage*,  and  fuel)  on  ten  repre- 
•cntatlve  English  and  American  lines  The  tatter  by  no  meant  represent  the 
best  American  practice,  as  will  be  evident  from  Fig,  4.  but  are  (hose  lines  (fi 
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Ac  VMI  pan)  wbicb  arc  openucd  oader  tbe  most  (airly  comparable  conditions 
vUh  UN  CnflUh  linn.  Could  the  ton-niitcs  and  pssiensci-inllei  per  ]r«ar  per 
ctgiae  be  complied,  the  coniiaM  in  hotIi  dono  per  engine  would  be  aaloundins 
t«««r  ikree  to  one),  bui  ihe  English  tailoay  siaiisticB.  alone  of  Itiote  of  civiltted 
OWDlrie*.  do  BOI  K>re  iheie  facts.  In  fail  the  diflcccnce  in  work  done  Is 
npUcable  bjr  dificrcne*  of  eonditloni,  but  by  no  means  wholly  su. 

Tabic  b9  five*  iIm  work  done  pee  yeai  per  engine  and  the  number  of 
ncinaa  la  all  counlile*,  from  *hich  ii  appears  that,  far  ai  American  pracike 
■>  abcad  of  Encllkh,  ih*  latter  »ufpaa*e«  that  o(  all  other  cotintr Jct. 


TaBLF.  68. 

Axmai.  AvBJiAOi  Cx?K!co[TCiia  Pck  Locomotive  roR  LocoMonvx  Powva 
OH  Tkk  LcAutNo  LiNU  tx  Tiis  U»rTEt>  KiHciQOM  and  in  thb  Usitku 
Statu,  with  tmr  Avekaus  Annual  Numhkk  op  TiLAiN-M[LJt&  Rux  Pkr 
Emijo. 

|M«i>(iie*«a4rtconpalc4[r«a"iUil*rir  PrubieiB>."br  J.  S.  J«h,  Sfcraury  Bntiiti  troa 
and  Ste<l  AuocUiion,} 
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••■)■> 

il.iol 
".It* 

Banal)  *  Muoe 

Uiiuon  *  I^videaee  . .. 

N.  1..  New  H»eD  A  H. 
N.  v.,  UkeBticA  Wn 
N.  VOnift  HudHoR. 
PenniyltAnu— pj.  Div.. 

Mrs 

BJ.DOO 

11  Am 

•S.O0O 

Lob404  a  Kon^WeHcm 

CjitOaoan. » 

LM*.Bn|ht.  *  S&C-u 

«V«fa 

•».»» 

fc.M« 

»1.»^ 

*"»«"««(«■<«'■""• \k"XC  :.<»':^*cS: 

A«™«r»«perp«.neer.»>l. J  £S'«rii?";bo...hVS^S 

AH  ihe  aibot*  la  for  1M3.  norpt  the  ratts.  which  ur  for  iSt>.;,    Thn  tataingi  and 
t  Mn  [i***  a>c  la  the  oatiocul  accrccxea.  and  001  merely  for  the  ten  ruads  AbD<«. 
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Tablk  49. 

Total  Ni'MDek  op  Locomotives  in  DtPfeiij.^tT  Couxtbiu,  Nruim    or 
TKAiN'MiLKt  n-iii<;ii  riinv  iian-k  accompu«meo.  avd  thz  Avuaos  Mit 
Pkr  Day  Mta  Psn  Ykak  Per  Locomotcvi. 

tAlMiia«i*dfran"iUII>>ar  Problcmi."  by  J   S.  Jt«ai.  SecnUfy  BrlUib  Iron  and  SkcI  Am»> 
ciatian,  wlili  tooie  nod^ficailQnt,} 


COUHTUK. 


Unllcd  St.iirt 

UnilM  KinEiloin. 

Cr-tmanj 

AiiBlria.. . ,,.,. .. 

Belgium 

Fiance 

luly 

LuKrmbouri! 

Norwfiy 

NrihcrUndR 

RuuDianU 

Russis 

FinUnil 

Snjit«>land 

India 


Kunber 

«t 

Leeeme- 

tlvci. 


11.330 

3.671 
i.W 
S.03S 

Jt 
It) 

5«<) 
lit 

9* 


Hllw. 
■  -  i.saOL 


Anracc 

Ptr  1.OC0- 

moir« 

Pe>  AflOun. 


S3&ol> 

37^.803 

l34.-«'9 

47. 1 -14 

23.870 

135.860 

34643 

433 

1.557 

"»-43S 

a. 307 

61.940 

1.177 

7.674 

33.0'9 


".563 
I».S95 
II.S70 

ia.$4) 
1S.S3S 

i6.79« 
l^.iiB 
1  *  ",15 
14.017 
ai.033 
lo.jto 
io.3vg 

13.010 
13.897 
19.606 


TIM  above  milUlics  an  for  iWj  (or  Ihs  Unilcd  Stale*  and  UmU  Britain,  and  (or  18 
tor  lli«  nllicr  rounirin.    Some  Amrriciii  roadi  (m  Fie.  4)  r"t>  op  W>  an  arciac*  (or  lajga 
eumbm  of  mi^lnci  of  100  mllei  [>er  day. 

143.  Repairs  of  Cars  can  be  esiimated  with  most  correctiwas  per 
CAr-mil<-.  and  not  per  irain>niile.  Thvy  may  be  rout;liIy  placed,  with  a 
%-cry  fair  degree  of  correcinesi,  at  ■!  cent  per  freight  car-rnilc  and  ■( 
cent*  pee  passenger  car-mile,  on  llic  larger  rotads.  On  small  roads  \  ocnt 
per  (Mr-mile  for  freight-car  repairs  is  more  nearly  correct.  Figures  iniii* 
cuiing  much  less  than  this  require  a11onrancc:s.  This,  however,  us  in  the 
ca»e  of  engine  repairs,  includes  only  labor  and  maierial  directly  applied 
to  the  cars  themselves,  and  there  is  a  considerable  amount  of  incidental 
expenditure,  which  is  really  a  pnri  of  the  actual  cost  of  maintaining  the 
car^  but  which  is  yet.  for  very  proper  reasons,  already  stated,  not  gciw 
erally  included  in  the  reported  cost  of  car  repairs. 

Such  general  and  incidental  expenses  amount  to  Irom  10  to  ij  p6t 
cent  oJ  the  lotal  cost  of  car  repairs  proper. 
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Tadle  70. 

AniAct  Con  or  Cak  Retaiss  oh  Wmtchx  t  Anjumc  Railkoad  roi 
Din-KSKfT  Kinds  or  Caks. 

Cm  Ptr  C«r  Prr    Yrar. 


PiMtflftr. 

Stock. 

Cdil  Hid 

Lin*. 

UiicdLui'*  laautiAl. . 

•64.to 
>3-4S 

41-7S 

•6.78 
11.10 

$746 

G.jo 

$6.76 

6.*o 

$19.09 

$130.00 
tit. SO 

$10.83 
11.12 

$15.96 
9  3= 

fl3.*6 
4.48 

$3».c8 

♦»4l-SO 

$30.00 

$25.31 

♦•7-74 

$43. » 

X«  M  cars  in  i»e.... 

36.4B0 
138 

194 

S.6ot 
40 

S.4>o 
4G9 

"^2^ 

Cm  Ptr  Car-Milt. 


MUcellan't  material  > 

.17* 
.064 
.tl4 

OH. 

.087 

■ISS 

■'33 

.130 

.rgi 
.135 

Tout  (MIOflil  . . . . 

.356 
.306 

•343 
■«4J 

..85 
..67 

■345 

.083 

.336 
.to6 

.663 

.3S6 

-4S> 

■  3rt 

-43* 

^ 
^ 


TW  abort  Indodf*.  whtthir  by  clurce  01  olhrrtriic.  no  charge*  whaiei>er  for  mbu  01 

■phateHT  o'  f n«i  un.     OthcnUe  ti  indudft  all  work  dune  in  iIk  car  daixirloicnl 

int  Dwmtaiaim  o( an,  bMh  repiin  ami  rtne-tab.    The  com  p*f  luswtiBn cm  ii  vtr/ 


TabiM  70.  71.  79.  73  "ere  tompaied  from  data  riven  in  a  very<ar«lul  papc* 
«a  car  mileage  and  repair*  by  E.  C.  SpaMinj.  Car  AccounUnt  W,  &  A.  R  R,. 
mad  aSonl  aboonb*  moM  ituMwonhr  daw  on  the  deialltol  car  repairs  which  il 
ntani.  Soch  in(i>rmatioo  i*  ttty  dlffituli  to  obtain,  and  even  this  affoida  no 
maan*  ol  dl«iribiitii>K  eJtpeo***  10  different  part*  of  the  ear  body.  Miikin|[  a 
proper  allowance  for  labo*.  it  "ill  be  »«n  thai  io«..««hat  orer  40  per  cent  ol 
ea»  rep«ira  artMS  from  runninrt-ceai  maintenance,  and  nearly  75  per  cent  ftow 
truck  repair*.  By  (»r  the  Urger  pa"  of  the  remainder  is  fot  draw-gea*  re- 
pain.     Other  repair*  of  body  arc  a  very  small  expense. 

TkeM  •UUtiict  give  the  true  average  ««i  of  car  repair*  (or  a  nock  which 
11 
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b  b«in^  n«iihfr  increased  nor  dtcmMiJ.    Tb«]r  ue  almoat  tbe  only  records  i 
the  kind  which  have  been  published. 

One  very  nolftblc  (tct  kn  Table  70  it  that,  contrary  to  what  mighl  be' 
cxpeclcd,  Ihr  c«r*  which  inaks  (he  l«[i;cit  mileaice  |icr  year  eotl  the  mott  per 
■Dile  for  maintenance.  The  chiel  leuon  for  thU  ii.  piobabljr,  [bal  ihey  are 
■nalniAlned  up  loahigher  lundatd:  but  a«  Ihe  cart  in  local  icrrke  aie  <i)  *ul>- 
jecled  10  more  banning  and  more  (rcqucni  u*e  of  brake*,  and  (ijmalie  a  amallcr 
mileage  per  year,  so  thai  Ihe  niliini:  und  other  eflccls  of  time  and  »^v  urn 
divided  up  among  a  smaller  number  of  mile*,  we  should  eKjxcl  10  tee  a  aome- 
Trhat  higher  (ott  per  mile  run  lor  inch  cars.  On  the  coniinry,  il  it  smaller,  bulb 
lor  runninn  i;**'  only  und  lor  the  aKgregitie  of  all  Itemi. 

Table  74  glvei  the  con  of  car  lopairi  on  ihc  Lake  Shore  &  Mkblsail  Sonthvrn 
Railiray  (or  repalm  proper  and  rcncwab  separately.  In  former  yean  the  com 
of  Lake  Shore  nr  rcpHrrt  wx\  much  higher  than  thai  shown  ;  )jo  per  year  1* 
perhaps  a  fair  permaneni  average  at  present  price*.  Tbo  rcaaon  why  no  dit- 
llneilon  is  even  aiiempledbeiKeen  renenali  and  repair*  in  either  locomotive' 
ear  mAlDleiiaace  la  clear  from  the  note  10  the  table. 

Table  71. 

Cost  or  F)iiiiSHT-C«it    RKrAmi  Pus   Mii.k  Ri;n  bt  Items  pok  Cam  or 

Various  Aces— WstTtRK  &  Atlantic  Railroad. 
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Table  72. 
CtwT  OF  Nkw  Box  Cab  in  Detah^  iSSj, 

[IMaad  fma  lUu  ^ita  ia  a  paper  by  B.  C.  Spatding,  Car  Accountast,  Wetten  A  AUastle 

Railioad-l 


Hatuiul. 

Laboi. 

ToiaL 

Per  Cent. 

La»l>w- ».B«7fi- 

Wniifbi-irod..-7<i4  Iba. 

•79-74 
31- « 
it.il 
I" 

414 

3.* 

•e  day*  carpenter. 

S4S" 

t>>}33 

4<I4 

«.iB 

je.i 

Diaw-apriD^ .   .  .46  Iba, 

□.■ 

4" 
3.00 

3-3 

»'i»3S 

31 ,» 

10.1 

•""-as 

4"4 

4>-4 

P.  c  of  lotaJ  caat-  ■ . 

■ 

Tkuck. 


Wbala .  t.Ko  Iba 

[  $160.00 

14.0a 
it. it 

9.74 
jo.oo 

39  ■» 

■79 

$160.00 

14.0< 

16.  j< 

"H.S7 
'.•9 

31.9 
>.l 

3'3 

•9, 7 
-3 

Br(««a 64   " 

LuBber 4(711. 

WrDafhi'ircM .  1,000  [ba. 



Si.B5 

■JO 

Total  track 

•»9°.3J 

»s..j 

•196, JO 

s».< 

Total  ear 

*4t>.70 
K., 

■1.5 

IsoSlj 

100,00 

^rccDI...- 

The  weight  of  metal  in  >  (landard  New  York  Central  40.ciao-Ib,  bcn-car  ii 
rolknn: 


Wnucht-iroa  in  ear  bodr i.sji    lb«, 

Cvt.iron  in  "         .......       797     *■ 

Sleelifl  "         104     " 

Hallcable  iron  Id      "         nH" 

Wr'i-inH)ialiiuk(,iBclad'f  ailea,  3,144     " 


Cast-iron  iD  Lnicki,  iDclud'^whecli, 

Malleable  Irea  ia  ttiwk* 

Joumal-beariD^..,... ., 

Whwli.eaoh 

Ail«(M.C.  B.  Staadard)  


Cireii  a* 

g,3Mlba. 

4l    " 

80    ■• 
J»J    " 

ut  ■' 


The  total  cost  pf.b  train-mile  of  passenger-car  repairs  and  freight- 
car  repairs  is  very  nearly  the  same  in  the  aggregate,  as  may  be  seen  from 
Tables  75-80,  although  the  proportion  of  the  constituent  elements  differs 
considerably.     (See  par.  ijo.) 
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Tablk  73. 

AvtRAOE  Cost  in  I>ETAn.  of  Kekpino  in  RErArR  Tkvcks  akd  B«i>m 
SEi-AkAiBLV  OF  Box  Cas». 

Accofcanihm  jnan.    Built  ai  cost  of  tjij.oaeuh.    (Compue  Tabte  87.I 


TlUCIU. 
Orlpiaiil  Coti,  (]if. 


Itv)u. 


Aim... 
VkMl*. 


ttunalnf  ge 


SptUci 

Ulw 

Cut-lion   -,-.. 
WrnugtiHroD. 

Balli 

Lanbm' 

K«M 

Paiac 


Taul 


V.af, 


■  I.M 


•*•■» 


Pet  Cent 
dI  Toul. 


S.J 


H.T 


>.« 
t.I« 

>ll 


•m»i 


to.  J 


Body. 
Orif  tnal  Coil.  $100. 


Ituu. 


Lab« 

CB>l-lron 

Wrmtbi-lrao 

Bolu 

Lumber .••.  .... 

Spriof*. ..... 

Chiuni,  n*a*,  aula, 
pa  ml,  •crtKt.  •el- 
der, tID 


C«l  Pif 
Ycr. 


>■« 
>.« 
1. 11 
l.fB 


1.19 


>».M 


Per  Cent 
o\  Ton). 


11  » 


t.i 


>.e 


•7-8 


Toul «« ixr  ctr. 


t4l') 


The  exjienililures  [or  whctls  Are  eilremcly  low  in  all  the  M'nleni  &  Ailanlic  TrcordU 
Maa;  row)*  tliow  ax  high  i«  4a  pet  ccnl  oi  cat  tepojn  upended  In  whceJi  alone. 


t44i  The  cNttiblixhcd  mileitg:*  rate  for  interchange  of  traffic  is  \ 
per  i^iir.tiiile.  iliis  r.ite  having  been  attained  by  a  gritdual  drop  (1 
]  ci^nis  to  1  cents,  to  liccni,  to  1  cent,  and  at  last  to  the  present  laic. 
\  cent,  and  including  (or  being  Intended  lo  include)  a  certain  profit  on 
lh«  lite  of  the  cart  sufficient  to  taltc  away  all  inducement  for  kec[Mng 
Inrcigii  car»  in  home  service,  it  not  to  place  a  certain  penalty  on  nuch 
use.  It  in  probable  that,  a*  an  average  of  acvcral  yearx,  ihe  price  stated 
\%  sufficient  to  do  Itiis.  especially  an  in  addition  10  this  turn  the  road 
usinfc  foreign  cars  is  required  to  make  fcood,  at  its  own  expense,  vay 
deterioration  which  parts  of  the  car  ottier  than  the  wheels  and  axiss  may 
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nitfer  white  on  lu  lines.  Nevctthclcss.  whenever  business  Is  brUk  and 
nre  are  sotrce.  which  may  be  one  half  to  iwo  thirds  of  tlic  limc,  the  price 
(aiiA  b  not  sullicieiit  lo  cause  cars  to  be  lent  home,  and  earnest  efforts 
•It  MOW  Riakinf;  lo  bring  about  a  change. 

tWi  Thlk  effort  i*  more  ptnlcuUrly  directed  to  (he  fixing  ol  tome  per-dlcm 
nit.  to  mre  ihe  ){'<><  present  evil.  Ihal  when  Mr*  Jirc  kept  on  hand,  «n  a  *iJe- 
didt.  Inslcxl  of  being  Knthome.  tometioics  lurwrgks.  the  offending  road  lose* 
«cUiA|.  MBOe  ii  p«T*  noilung  for  the  car  except  nnen  tl  is  in  motion.  Th« 
Bo»t  £iro(cd  pl«n  >*  ■  clunse  lo  »■  nilxird  per-diem  ,-ind  mileage  rM«.  appruxl- 
nulAf  to  i;  cents  pn day +  1  cent  per  mile.  I(  the  e«r  were  kept  Uilhfullyin 
Mnke,  there  irould  peobably  be  no  diipulc  Ihdt  }  <cnt  per  tu  mile  Is  xulficieni 
Itcover  (■>  Riainienance  and  reneval  charges,  (3)  Interest  on  the  value  ol  the 
CK,  «»d  (3)  a  lair  business  and  punitory  proAt  in  uddition. 


Table  74, 
Co5T  or  FxiMciiT'CAit  Refaims  Pck  Cam  Pek  YeAR.  oh  Lake  Siioks  & 

MiCMIOAS  SOUTHE-R.N   RAILWAY.   FOK  SlX  YltAHi. 
(Average  milta^  of  can  im  )wu.  about  ia.5a>  miles.] 


TKai. 


I 


iWs 

tMj 

1IS4 

IBB} 

Total,  6  years 
Av.  pef  rear. 


Cmt  Cab  Pn  YaAk. 


Repalraonlf. 


»47-8o 
4J  -J* 
38.90 
JO. 64 
31.24 

35  30 


36.  It 


K*W  <M>  bull) 

fvrncei. 
"repjjn." 


*4O0 
*-74 

S-SO 
3->J 
I. OS 


tiS.ii 
3.03 


Toll!  r«piin 
and  rcn'lu. 


«Si.8o 

40.41) 
36.30 
34.41 
30.35 


•a35.4S 
39-a< 


Ko.  or  Cao 


Tsui  la  UM 


12,107 
I4.W.3 
l6.7<)'> 
16,649 
16.555 
I6.63Q 


is.sao 


BijftI  new 

lor 
rvncwalt. 


107 

59 
197 

toS 

jl 

574 

«.7 


Fo  t)w  l*a  jrean  itlTD'n  pr«iKline  this  tabic,  the  Lake  Shore  buili  In  all  >.a.l3  cua 
(■tirelir  wem  on  mewal  ai;(ount,  maUn):  the  total  number  rcbuili  entirely  new  In  uileen 
ytan,  ^Jkti.  T)i>  (lodi  of  can,  Ixxiniiini;  wiili  6,077  >"  i'^?".  wxi  iiii:nUHKi  In  10. 1B5  in 
■tMi  and  iNen  reoMiined  praetiCAlljr  uationary  until  the  middir  nf  |R;<).  vlien  ihr  inrrfU* 
fcigan  to  Vim  figun*  aborr.  ExniA  that  a  large  ma|OTilr  «(  tm  are  rebuilt  piecemeal, 
and  Maintain  •  kind  of  ceotinuoiu  (xiitcncs,  at  least  10,000  can  ihould  liave  tvcD  rebuilt 
dnrtng  llilt  period  ilUHad  ol  1,807.  It  i>  jnobabtr  that  miHl  of  Ih*  Ulier  wi>re  lirukeii 
•p  entlral)',  chiefly  because  tbtjr  had  become  of  100  antiquated  deiicn  to  be  serviceabi*. 
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H6.  The  repair*  vhich  the  iiMd  niing  (ofcigii  c>r«  Iiu  lo  pay  (or  in  adili. 
tion  la  paying  f  ccni  per  mile  are  noi  of  great  Iniporuaec.  ■(!<]  are  deiemincd 
in  this  wite:  At  every  junction  point  (here  ii  an  inspector,  (uually  a  joint  in- 
ipe<lor.  <*hu  adtniti  can  on  [u  Ihe  toad  only  when  "  in  ^od  running  order,"  i* 
deirrtnincd  by  minute  specilinll»ni  revised  yearly  by  the  Mauler  Ciir-Kuild«r>' 
As!MK<aIiL>n.  Once  on  the  rood  it  RiuM  be  pained  uO  aft  (ulridinii  all  Ihe  Mine 
^perilled  condilionv  or  lie  icni  to  the  shop  (or  repairv.  Failures  ol  the  •vhecli  or 
axle*  are  auumed  to  be  (in  'trIauEt  of  evidence  to  the  coniraryl  (rum  the  nor. 
mat  wear  paid  (or  by  the  \  cent  per  mile.  Oiher  faituteti,  brolrcn  il> air. timber 
cailinijs.  lillB.  doiirtt,  looft.  irucki.  etc..  are  aMumed  to  result  Irum  tiad  um^c. 
and  are  made  good  in  addition  to  the  mileage  payment*.  In  thii  way  a  road 
may  otlcn  hare  to  pay  tor  repalra  due  to  groduuj  deteriorAliun.  for  which  it  i&< 
not  at  [autt;  but  the  averkgo  la  about  (air:  and  lincc  no  general  repairs  ars' 
made,  but  the  car  is  (imply  patched  up  so  oa  to  barely  pa>i  inipectlon,  it 
itot  amount  lo  a  very  heavy  addition  to  ihe  cMabllftlicd  mileage  rate, 

I47>  The  appurciil  coit  ol  car  repairs,  lu  iiti  e%'cn  ureut^t  extent  than' 
the  coat  u(  trn^'iri?  rcp-iim,  ha«  been  and  will  continue  to  be  br  smaller 
than  it  rcilly  in  bcnimc  of  Uit:  coiisiant  iitlilition^  nf  nifvr  stuck,  made 
ncccMary  by  the  rapid  growth  of  trattic.  A*  llic  repairs  on  new  cars  are 
«nnll  (or  tnnny  yriir*.  if  tlie  stock  of  cnrs  be  doubling  c^-cry  (our  or  five 
years,  as  has  been  the  case  in  the  United  States  ftjr  ihc  past  twenty  jrcars, 
thenpparcnt  com  of  repairs  cnnnoi  but  be  grcitly  affected.  Table  74 
stio^-s  how  great  an  effect  this  ransc  may  have,  in  many  cases.  Any 
figures  Becming  to  be  much  below  those  here  given  will  bi  apt  to  be 
largely  affected  by  this  cause,  or  by  the  one  iibiivc  alluded  to— omission 
ol  general  and  incidental  shop  expenses. 

148.  We  arc  less  concerned,  however,  bs  in  the  caae  of  engine  repairs, 
with  the  total  con  of  car  repairs  than  with  it«  origin  and  subdiviuons ; 
as  in  that  way  only  can  we  properly  determine  wh.'it  cffeiM  dillerences  of 
grade  and  line,  or  other  specific  causes,  will  have  upon  the  cost  of  this 
item.  Few  railways  keep,  and  none  publish,  any  detailed  record  of  the 
et»t  of  the  various  itenn  which  make  up  the  enormous  aggregate  t>f 
"  repuirs  of  cart."  that  being  the  only  one  which  appears  in  the  report*. 
ot.asa,  rule,  on  the  books.  If  is  therefore  difficult  tu  determine  pre* 
ciscty  Che  ratio  of  the  various  items  10  each  other.  Nevertheless,  frtjm 
the  information  given  in  Tables  70  to  75  and  other  data  (conipate 
especially  T;ib1e87)  we  may  conclude  that  ihc  actual  cost  of  repairs  And 
(cocwals  of  freight  cars  is  divided  very  nearly  as  foUows : 


atAF.   v.— OPERATING  EXPENSES-KBPAIRS  OF  CARS.     167 

Wheels 30  percent. 

Ailn.  bcasscB,  anil  axle-boxes. 30        ~ 

Sfxini^ 10       ■■ 

Truck  (nmc  and  liui(ig«. S 

Total  truck 7S 

Brakes. 5 

Uraw-tKin 10       •■ 

Sills  and  atuiclimcnts % 

Car  body,  painting,  etc., %       " 

Total 00 


H9.  PassengcT-car  repairs  are,  for  wbeels.  axkB.  and  brasus.  but 
btly  more  iIib'i  f^r  a  freiglil  car  per  mJc.  Exact  information  as  to 
ONnparativc  mileage  of  paswnger  and  freight  wIici-Ib  is  difficult  to 
obtain,  owing  ti  the  fact  ihat  as  nonii  an  whecK  kIiou-  any  noticeable  de- 
lect, whtch  ytt  does  not  make  llinm  unsafe,  tlic)-  are  withdnwn  from  pas- 
leagcr  ftcrvice  and  pui  under  freight  cars,  often  making  a  large  mileafce 
before  being  Itnally  trapped.  Tlie  Kcneral  tendency  of  the  available 
evidence  it  that  there  is  but  Mtilc  difference,  and  that  difference  in  favor 
ol  pHMMni)i;cr  cars,  the  effect  of  the  higher  speed  berng  countei baUmccd 
by  less  'njiirioiis  brakes  nnd  belter  springs.  The  extra  cost  of  repaint  and 
renevats  of  ptuseiiser  cara  is  mainly  in  its  decorations,  better  painting, 
and  intCTMirfittinKs;  and  bearing  in  mind  that  passenger  cars  arc  r)oi 
exposed  to  anything  like  the  rough  sen'ice,  blows,  and  shocks  which 
come  upon  freiglit  cars,  we  may  *ay.  without  any  error  of  morncnt,  that 
the  average  co«t  per  pasKngcr  cir-milc  is  about  as  follows : 

^Pn.  Car.    Put.  Car. 
Cu  p«r  Mile 
Running  gear,  draw^nre,  etc. 0^3  o.; 

Sills,  frame*,  etc ai  OlS 

PaintinK  and  TOrni»hin|;  ear  body 0.1 

Interior  littings  and  upliolsteiy,    .    • cj 

Tout 04  1.4 

100.  In  other  words,  the  cost  of  maintaining  a  passenj^er  car  for  tfao»e 
items  or  p«rM  of  item*  which  are  aflcclcd  by  dillcrences  of  distance,  ctir- 
vaturc,  and  gradients  i«  not  so  much  greater  than  for  frciglu  cars,  but 
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that  it  is  noiicMbly  smaller  per  passenger  Irain-mile.  but  ihe  total  i 
of  repairs  per  irain-milc  is  about  ihc  same.    (.Sec  note  foot  <A  page  i63,)>5 
161.  The  Bver.igc  mileage  ol  freight  C*rs  per  year,  taking  the  whole 
equipment  of  ii  toad  logcihcr.  ranges  from  ii.OOO  to  15.000  miles.  9om«^ 
times  even  highur,  but  very  frcqucnily  considerably  less.    On  short  roada 
with  heavy  loot!  business  it  is  often  smaller  than  this,  averaging  to.ooo 
miles  per  year,  or  even  less.     The  tendency  in  recent  years  hiis  been  to 
decrease.    The  milcnKc  m.ide  by  different  cars,  however,  varies  eitor- 
moiisly:  "line'  cars,  so  called,  belonging  to  the  independent  or  Rcmi-^_ 
Independent  oi^nJxations.  which  now  conduct  a  very  large  propottioi^H 
of  the  through -freight   business  passing  over  leventl  tines,  make  the^^ 
greatest  mileage,  as  is  but  natural;  both  because  they  are  exclus<v<-ly 
used  in  long>tiip  ihrough-busine^i  and  becau.se  they  are  moit  thiirply- 
looked  after.     The  general  average  of  all  classes  of  can  (sec  also  Table_ 
70)  is  aI>out  as  follows: 

M»a  Par  Bit.  Milet  r*r  Vur. 

Coal  and  flat  can.     .   .        ,    ,    ijto   so  5,000  to   7,500 

Box  cars, 35  to    40  9,000  to  1 5.000 

"  Lint*  tars 7010100  35.0001035,000 

Average. 35 10   45         11,0001016.500 

The  average  mileaj^e  of  passenger  can  ranges  from  4o,(X)oto  6a,c 
miles  per  year,  these  being  about  the  tvo  cKtremes.    Through -coaches,^ 
tJeeping'Csrs.  etc,  run  much  higher  than  this— up  to,  in  some  cases, 
150.000  miles,  averaging  about  100.000. 

192.  Train  Wa^es,  the  sole  remaining  considerable  item  affected  by 
line  and  grades,  are  lessdifKcull  than  the  preceding  to  state  with  correct-^H 
ncss.    The  following  are  a  close  approximation  to  the  rates  which  now^f 
prevail  in  this  country  for  average  runs  of  a  hundred  miles.     In  1870-74 
they  were  naturally  higher  than  this,  say  15  per  cent,  and  higher  yet  ii» 
the  preceding  decade.     In    1S75-78  they  were  about  10  per  cent  lower.| 
They  vary  consiilerably  In  dillerent  parts  of  the  country,  but  less 
any  other  item  of  truin  expenses  : 

Enginctnan 93.S«  to  >J75  tJSo  »'>  %\<*> 

Firemen <-7S  ^o  2<»  '-75  i"  loo 

Conductor, 3.75  ^  J^o  3-7>  <«  Sa> 

Brakeman  (each,  Si.7S)-     %V*  «>  5=5  3-SO  w  3,50 

Batn^ge-men ...  i-oo  to  3  00 

$11.50  to  ii4.oo         $14-50  to  (16.50 
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tU.  The  < 


¥ 


sygicm  b>-  which  train  wages  are  fiied  varies  matcriBlly.  It 
il  KiDKtitncs  sthaly  bj-  the  month  or  day.  especially  m  passenger  »er- 
nct— a  certain  run  being  called  a  diy's  wurk,  independent  of  the  tim« 
ictually  employed.  These  runs  may  vary  anywhere  trom  75  to  no  or 
l» miles:  but  i(  it  cotutilutes '///•ii'/n  a  day's  work,  it  is  r^ted  a  day, 
tadepcndcfll  tMth  of  time  a:id  distance  run. 

This  system  waa  (ofnicrly  universal,  and  is  still  \fery  common  (or  pa»- 
Kfif^ei  service  ;  but  «fiih  iBcicasc  o(  traffic,  and  especially  ui:h  the  con- 
Mlidation  of  lines  into  ){reat  systems,  with  runs  o(  widely  varying  length, 
the  practice  is  cofning  mote  and  more  into  vogue  ol  paying  strictly  ac- 
conliag  to  milcsgc.  in  Ute  manner  specttied  in  par  191.  The  chances 
■rtthu  the  tendency  to  pay  in  close  accordance  with  mileage  will  be- 
come Rimngcr  and  stronger  wltli  the  grc.it  orgs nizai ions,  especially  in 
Irtiffhi  sciviCG.  while  the  former  pbn  will  always  prevail  with  tlK-  smaller 
ladepCBdeat  lines,  and  even  on  manyof  the  larger  lines  for  passenger 
ftrvice. 

104>  A  cotnproffibe  plan,  intermediate  between  these  two  extremes. 

Il  U  present  more  usual  than  any  other.    The  runs  over  various  divisions 

(re  (graduated  as  I  day.  1 1  day.  1  ,>„  day.  5ometiincs.  though  rarely.  \  day. 

etc.  etc..  so  OS  to  have  a  close  correspondence  with  the  real  distance,  but 

not  lo  be  in  exact  ra'.io  thereto :  other  circumiianccs.  such  as  number  of 

«opt.  etc.  being  often  taken  into  account.    This  appears  to  be  not  only 

tairer  than  an  exart  mileage  txt^is.  but  mnre  ncoeptitblc  to  employes.    The 

pnsent  syvtetn  of  handling  traffic,  by  which  the  freight  crews  not  only 

know  no  distinction  of  night  or  day  or  n-cc'k-dav  and  Sunday,  but  do  not 

evn  recogntxe  the  day  of  twenty-four  hours,  tends  to  f.-icilitaic  this  bnsis 

of  payment;  the  crews  being  "on"  or  ""off"  at  intetvals  determined  by 

tlw  pteniire  of  traffic  and  not  >it  all  by  the  number  i>(  hours  in  the  day 

or  days  in  the  week.    In  passenger  i^crvice.  or  wherever  the  freight  ser- 

rice  ts  tolerably  regular  in  its  character,  the  deference  paid  to  an  exact 

mileage  basis  is  much  less  marke<l.     (.Sec  also  pii>.  191,) 

135.  The  tendency  is  strong  to  increase  the  length  both  of  locomotive 
mm  and  o(  divisions.  Lix!omotive  runs  were  formerly  from  80  to  loo 
nPes.  At  preaeat  they  range  by  preferenLc  trom  110  to  150  miles,  the 
gradients  being  often,  of  course,  a  controlling  condition.  The  prevailing 
tendency  is  well  illustrated  by  the  locomotive  divisions  on  the  Canada 
PaciRc.  ol  which  there  are  i<i  on  the  144;  mites  between  Montreal  and 
■he  Pacific,  an  aven^ie  run  per  locomotive  of  tiSt  miles.  The  shortest 
tnd  kmgcst  runs  are :    (Sec  page  1 78.) 
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6  (ii3.  113.  ii4<  nd.  nnd  two  of  ti8  miles)  ucider  1:0  mJIct. 

4  (110,  121.  115,  and  116  miles)  between  130  and  130  mitca. 

6  (rjo,  131.  133.  133,  134.  134  miles  J  between  130  and  140  miles. 

1  (145  miles)  between  140  and  150  milea, 

2  (ijo.  152  miles)  over  150  miles. 

Thus  tbe  minimum  Is  ill  and  the  maximum  i$]  roStes.    This  practice 
tends  strongly  to  economy. 

196.  Gkneral  and  Station  Expenses  arc  but  sligbily  aRectcd  by 
any  probable  variations  In  the  line  and  grades,  so  that  U  is  unnr<:cSNiry 
to  consider  them  iit  detail,  ulthough.  for  muny  questions  connected  with 
tlie  operations  of  railways,  such  analysis  is  highly  important.  They 
amount  altogether  to  ubout  thirty  per  cent  of  ihc  total  operating 
penses.  ranging  from  twenty  to  forty  per  cent  in  extreme  cases. 

Mtl.  Tn  Tables  75.  76,  77.  78  are  given  various  details  as  to  expend' 
tures  for  the  inilways  of  the  entire  United  Slates  and  the  several  intcrii 
groups  thereol.  (or  the  four  ^reat  trunk  lines.  lor  (our  minor  trunk  line^. 
and  for  the  six  leadmg  Chicago  lines.  These  details  are  all  computed 
from  the  census  statistics  of  18S0,  which  were  the  first  which  gave  an 
av^lable  source  (or  obtaining  these  statistics, on  an  sipproiimatcly  sim- 


Taule  79. 
OpBRATiKct  ExntirnEi!  or  Rritibh  RAtLWAvs,  1684-9$. 


ney 

1 


Totals. 


Maintenance  of  way, 
Locfimotivc  paner. 
RollliiK  Mock... 
T[*flic  «iipenscs 
Gencrnl  chirges 
RiiFi  and  laiei 
Govern m(!nl  duty 
CimprnMilion: 
Pergonal  injuries 

"LxRui  *nd  patliomeniary  expenses. 
Miicellaneout 


No  RulRul  rhsn^r  in  thp  pvcrrnl.ici  of  thnc  virinui  expcnm  ha*  takn)  plm  1 
1S70,  bulih<(«t  p«c  iialn-milc  hu  (aUcii  (1001411  inrac«<4  na*iK*tote.& 
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Table  00. 
AMvoxiNArc  EfTtMATZ  OF  Tiis  DtTAiLS  or  Opxratinc  Expenses  fob  an 

AVESAOK  AUBkKAX  ROAD. 

(Lkble  la (oaMCfBble  varluions  lo  Individual  iniUiiMi.  opfcUUy  uhcn  Ifac  tralHc  I* 
•try  EicBl  or  ««f7  (malt,  but  lo  oiuch  kit  nMBdva  vulalinnn  Ihan  <nit;hl  bt  inu^lncd, 
nra  M  otnOH  («N*.  The  avcraea  IMal  co«  p«r  rntnuf  Iraln-milr  it  ilill  nut  vcij 
•Kb  bdow  Si.<»k  and  b;  lakinc  ii  »l  ih*l  cnn  fijpire  Ihc  followtnt;  bccomr  ciUi«T 
petaiUca  <n  «■><*  P"  inln-milc.  which  wc  mull  iiciiKArTKit  ash-hk  them 
to  ■!-) 


trnia  iMi,  iMliuiK.  itw 
HfigtM  Of  (be  lawrtiu* 
CiaacTC*  CoaiaMitoo  si*c 

eilMM    "I    t^    ■n*i> 

lwaII*tai^nU«>T«-] 


Trajk  Expbnsu. 
47.0  p.  e. 


titrrcKAKCX  or  Wav. 
)3.op.c 


Ekcikks. 
tS.o  p.  c. 


Trai.v 

Wauc»  a.sd 

Surn.iEJL 

IJ.OP.C. 


Carx. 

13 .0  p.  C 

Tracic 

BKTWEKN 

Statiox>, 

B.o  p.c. 


RmJ 
tigitift. 
14.4  p. c. 


Pud T.tf.t. 

Water 0.4    '• 

Oil        and 

»»•[« O.S    " 

Rep»lM—  en- 
Bine*. 5.6    ■* 


Swilching  engine* 3.(1  p.  c 

Swi(chin|;eBit<ne  ••>(<■.•>. >'b    " 


Train 
n/agti  atd 
tifflitt. 
ii.4p.e 


Engine  w'(^.6. 4  p.  c 
Car  waKcs. .  .8.;    " 
Caraupplica.o.5    " 


Repairs  And  renevali. .    . .  lO.O  p,  & 
UilEAge  (a  pratiicAl  equjv- 
aieni  lor  repairil. ......  3.0    *' 


j  Renewals  of  nilt 3.ap.e, 

I   AdjuiliDg  track 6.0    " 


RoAUBtO.    J   RenenrinK  lie« ).op.c. 

7.op^c       f  Eaithwrk.  ballaitinK.  etc.,4'0    " 


Yards  Ann 

STRUCn'RKSi. 

S.O  p.c. 


Snjictics.  frog*,    and   »id- 

>»«*  ■•■ "-SP-c- 

Bridges  and  ni*«onry. 3.$    " 

Slalion  and  olher  buildings.!. O    " 


ToTAI,  "LlKl"  OR  TRASiroRTATIoji  Exr-nssts ;o.o  p.  C. 

Statiox.  Trrmikal,  ajid  Genbkal  Exfenses  am>  Taxrs jo,o    ■' 

Total  Ottuj-rtHa  Expkksu ino.op.  c. 


Sec  Tabk  81  (or  wnkilar  cuimAi*  from  tormt*  edition. 
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Ibr  basis  of  (liscribulion  of  cxpcnsu-  Many  minor  ermrs  plainly  oc- 
curred in  makinff  over  the  aocounU  according  to  lh«  census  form ;  but 
the  result  is  more  likely  to  tillord  u  uniform  basis  of  comparison  than 
any  individuul  attempts  to  do  the  same  ihin^;  with  later  statistics. 

In  Table  78  ate  likewise  repeated  the  6iial  lesutts  uf  a  large  table, 
which  the  writer  compuied  (or  his  former  edition,  from  tlie  accounts  of 
(cvcntcen  diflereni  ruads.  each  averaged  for  from  three  10  icn  years.  It 
will  lje  scirn  thai  the  corte*i)'>iidcncc  between  these  vsrious  statistics  is 
BinfiuUrly  close— quite  enough  so  to  afford  a  pretty  acr  11  rate  ba»is  for 
estinvating  the  expenses  of  iiny  road.  In  Table  79  arc  given  sonic  corre- 
sponding stai>»ics  for  English  railways. 

IS8>  Stimiiiarizing  ilie  ground  gone  over,  wc  may  estimate 
ihc  operating  expenses  of  a  railway  in  ilie  Norili  Central  Stales, 
laid  throughout  with  steel,  and  of  good  average  cliaiacter.  about 
us  in  Table  80,  on  the  previous  page.  With  less  accuracy  this 
table  will  apply  to  railways  in  any  part  of  the  Cniled  Slates,  the 
)>ri»cipal  cause  of  variation  being  volume  of  irallic. 

This  estimate,  however,  is  merely  an  avcrafjc,  as  should  al- 
ways be  remembered,  to  be  corrected  in  each  individual  caseac> 
rording  t(j  locul  circumstances.  It  has  been  endeavored  in  this 
chapter  to  furnish  a  guide  (or  such  corrections,  as  far  as  possible, 
but  nothing  will  fully  t«ke  the  place  of  intelligent  examination 

Ta»L£   81. 
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of  the  facts  on  neighboring  roads.  "This  table  gives  merely  a 
Tuile  averuge  (or  u»e  in  the  remainder  of  litis  volume  for  cooi- 
puiing  ex  um  pics. 
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In  Table  So  one  fifth  of  the  total  cost  of  mottve-power  has  been 
allotted  to  switchings-engines.  In  most  cases  there  is  a  larger 
proportion  than  this,  independent  of  the  switching  done  by  reg- 
ular trains  in  irattsitu,  as  is  partly  indicated  by  the  following 
Table  82. 

In  Table  Si  is  given  the  table  corresponding  to  Table  80, 
which  was  used  in  the  former  edition  of  this  treatise  as  the  as- 
sumed average  distribution  of  expenses  for  computing  examples. 


PART  11. 


THE  MINOR  DETAILS  OF  ALIGNMENT. 


"  Despise  aot  small  things,  for  tberefnun  c<»nes  sorrow  and  dlup- 
pnnlment.  Vet  nmember  that  the;  are  small,  and  fix  your  aims  and 
your  ihoushts  chiefly  On  the  great  ends  o(  life."— Horace  H&hh. 


» 


PART  11. 
THE  MINOR  DETAILS  OF  ALIGNMENT. 


CHAPTER   VI. 


» 


THE  MATURE    AND   RELATIVE    IMPORTANCE  OF  THE  MINOR   OETAI1.S 
OP    ALtCNMEKT. 

159.  The  three  details  of  alif^nmcnt  which  are  properly  to  be 
classed  as  minor  dcUils  arc  the  fulluwing: 
t.  DtSTANCK,  or  length  of  line. 

1.  Cr»vATURE,  not  sharp  or  so  ill-placed  as  to  limit  the  length 
gr  necessary  speed  of  trains,  but  only  to  increase  the  expense  of 
moning  trains. 

3.  Rise  ANO  Fall,  of  elcvationx  overcome  by  (he  engine  on 
gradients  not  exceeding  in  resistance  the  maximum  of  the  road, 
and  hence  not  limiting  the  length  of  the  train. 

MO.  These  are  termed,  collectively,  the  minor  details,  for  the 
reason  that  their  influence  is  comparatively  trifling  upon  the 
(ulurc  of  the  properly  in  comparison  with  two  other  details  of 
overwhelming  importance,  vix,: 

I.  Tmk  amount  or  TRAFFIC  which  the  line  has  been  or  may  be 
adapted  to  secure  (often  very  largely  and  even  ruinously  affected 
by  the  location,  for  reasons  discussed  in  Chapter  III.,  the  fol- 
lowing Chapter  VII.,  and  Chapter  XXI.),  and 

3.  The  ruling  okadients  or  mher  causes,  whatever  Ihey  may 
be,  which  limit  the  weight  and  length  of  trains,  and  so  play  ihe 
chief  part  in  fixing  the  cost  of  handling  the  traffic.  These  causes 
are  considered  in  Part  III.  of  this  volume,  under  the  general 
head  of  "Limiting  Gradients  and  Curvature." 

To  charactertze  three  such  details  as  distance,  curvature,  and 
r»e  and  fall  as  minor  details,  either  separ;itely  or  collectively, 
does  some  violence  to  popular  impressions,  which  exist  even  - 
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among  engineers.     It  will  therefore  be  well  that  we  should  fir^I 
sec.  by  a  "bird's-eye  view"  of  the  subject,  tree  from  all  detail,, 
why  the  designatioD  is  a  proper  one,  nevertheless. 

161.  The  ideal  IJOc  lor  a  railwity  between  any  two  points  i| 
popularly  felt  to  be  a  right  line  between  the  two  lermini.     Thil 
may  even  be  found  slated  as  an  axiom  in  some  engineering  works 
and  in  a  strictly  engineering  sense  it  is  true.     H  it  were  true  in' 
every  sense,  it  should  follow  that,  in  proportion  as  a  line  deviates 
therefrom,  it  is   bad  :  and  since  the  three  details  classified 
"  minor"  include  every  possible  deviation  therefrom  in  either  of^ 
the  three  dimensions  of  space, — curvature  represcniing  lateral 
deviations :  rise  .tn<t  fall,  vertical  deviations ;   and  distance,  Ion* 
gitudinal  deviations,— the  three  together,  far  from  being  minoi 
details,  seem  naturally  to  represent  or  include  all  the  conditioni 
which  make  a  line  good  or  bad.     This  view  is  so  far  plausible,' 
that  ii  IS  asserted  or  implied  to  be  the  true  one,  not  only  in  com- 
mon talk,  but  in  technical  discussions  or  writings.     "A  short. 
Straight  line  was  obtained,  with  few  curves  of  high  elevations.*^ 
will  pass  very  generally  as  a  description  of  what  must  be  an  ex-^ 
cellcnt  line. 

Yet,  as  a  matter  of  fact,  this  view  Is  wholly  erroneous — s 
g;ra7ely  erroneous  that  the  excellence  or  badness  of  the  tine 
all  the  minor  details  put  together,  within  wide  limits,  has  com- 
paratively a  very  slight  inRucncc  on  its  value  as  an  investment] 
or  on  its  usefulness  to  the  public. 

163.  We  shall  see  why  this  is  true  of  each  detail  separately,  as 
we  come  lo  consider  each  in  detail.     To  see  why  it  is  true  of  all^ 
(brec  put  together,  let  us  take  the  case   of  two   railways    beJ 
iween  the  same  points — one  a  little  shorter,  a  little  less  crooked, 
and  with  a  little  less  up  and  down  in  its  gradients;  but  suppose, 
them  both  to  have  cost  the  same  money,  to  have  the  same  tribu-^ 
tary  population,  to  be  able  to  haul  the  same  trains  with  the  same' 
engines,  and  to  make  the  same  time  between    termini.     These 
conditions  obtain  in  many  instances,  and  may  conceivably  in 
Nay.  we  might  even  extend  our  parallel,  and  assume  that  ther 
are  considerable  differences  in  one  or  the  other  of  the  minorj 
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<lcUils  bctnccn  the  two  lines,  but  always  on  the  condition  that 
Hicy  still  remain  oiinor  details  as  already  defined,  in  iliat  they 
do  not  affect  the  sources  of  traffic  nor  the  amount  o(  iraRic  which 
an  h*!  Ii.nndted  hy  one  train. 

163>  Which  of  these  two  tines  is  the  best  property?    It  is  a 
matter  of  the  merest  chance — a  mere  question  of  management, 
«rol  business  shrewdness  in  cfFcctini;  connections.     The  diRer- 
cnee  icwihe  minor  details  will  beyond  doubt  be  of  large  absolute 
ifflporUncc,  but  will  have  so  trivial  an  effect  comparatively  that 
^.  it  will  hardly  enter  into  the  question  ai  all. 
^1      164>  This  results  simply  from  the  broad  general  fact  that  those 
■  lletails  affect  only  tht  e^st  ftr  trip  of  runniHg  trains,  and  that  tut 
V  t&gkfy,  white  they  do  not  reduce,  nor  in  any   manner    aficct 
(vilhin  wide  limits),  either  the  work  done  or  the  revenue  earned 
^tit  each  truin.     It  is  now  abundantly  established  by  experience 
Blhal  the  effect  of  those  details  on  the  direct  cost  per  trip  or  per 
mile  of  running  trains  is  an  excccdinifly  small  percentage  of  the 
i^re^ate,  within  the  widest  limits  of  deviation  which  exist  in 
practice.     As  for  distance  :  the  additional  cost  of  running  a  few 
more  mites  is  but  a  small  portion  of  the  average  cost,  and  is 
Alvays  counierl>alaoeed   by   the   receipts    of    some  additional 
revenue— often  enough  lo  make  the  advantage  greater  than  the 
disadvantage,  and  always  enough  to  greatly  reduce  the  disad- 
Tanugc.     As  for  curvature,  and  rise  and  fall :    it  is  now  estab- 
lished beyond  all  question  that  no  considerable  difference  in  the 
aggregate  expenses  per  train-mile  on  different   railways,  or  on 
different  divisions  of  the  same  railway,  can  be  detected,  which  is 
cleartydue  to  differences  in  the  amount  of  curvature,  or  rise  and 
(all,  even  when  very  marked  differences  in  those  details  exist. 
Tables  75  to  80,  as  well  as  Table  Sj,  afford  cumulative  evidence 
of  this  fact,  which  has  been  commented  on  at  intervals  from  the 
very  beginning  of  railroad  history.     One  of  the  earliest  records 
of  the  fact  is  the  following  statement  of  the  eminent  English 
engineer  Mr.  Charles  B.  Vignolcs,  formerly  President  of  the  In. 
Stitulion  of  Civil  Engineers,  as  quoted  with  approval  in  Demp- 
Mj's  "Practical  Railway  Engineer"  (p.  11). 
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165.  "Mr.  Vignolcs  stated  in  a  paper  befure  ihc  I^ritish  Association 
(or  the  Adviinccnicnt  ol  Science  thul  he  liad  an^lyztMl  railway  cxpci>>cs 
of  wurking,  and  the  iivcragc  expenses  u(  u  (rdn-niile,  as  deduced  liuin 
several  years'  experience  and  ubscrvatioii  on  various  rsilways  operating 
under  diHereni  circumstances  and  with  |-re<illy  different  gradieatk.  Ttic 
routtwiLstbaion  passenger  ^nd  light  traflic  liiicsdicioulcoctof  atrain- 
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Bile  avenged  y.  per  mile — :j.  bd.  being  ihc  least,  and  3*.  a/i-  the  great- 

«i .  and  that  thi»  averjjje  scorned  to  hold  good  irmptdivt  ofgntdtt  and 

I  arm  (in  itwMca  sa  quoted^     It  wst  not  found  pra(.ii(:abi«  to  distinguish 

^1M  iddttiofuil  eapciiM;  if  any;  but  &s  three  fourths  of  rn  it  way  expenses 

vert  quite  iiidependctit  uf  tticiic  causes,  such  additions  mutt  be  ainull." 

166.  The  css<:nti;il  iniih  u(  this  biatctiient  Iiun  bucn  gruwinfr 
better  itiid  blotter  e»t<ibli»hcd  with  time  to  the  present  day,  and 

k*e  itiall  readily  find  evidence  that  it  even  undersiaies  the  facts 

luttlfn  we  come  to  consider  the  effect  of  these  ttciails  in  the 

tep^tr^itc  iteuts  of  railway  expenditure.     From   this  it   docs  not 

luliow  ittji  tliesc  details  have  no  tni|>(ii'iaii(  effect  on  expenw:*, 

I'Tbry  du  fiave  an   inipurtant  effect,  wlitch   increases  by  a  large 

etteniage  certain  >ii)gle  items  of  expenses,  and  is  readily  trnccd 

ein.      But  they  always  add  only  a  [rifliiig  percentage  to  tlic 

jatc  expenses,  even  when  very  marked  dilTercnccs  exist. 

167.  And,    moreover,   the   important    further  fact   must    be 
rertii-mbercd  that,  as  respects  any  one  line,  there  can  be  at  most, 

I  Te  began  by  assuming  (par.  161),  only  a  "  little"  difference  in 


Fio.  5. 

lie  minor  details,  for  the  vastest  expenditure  cannot  cSect  much 
more.  No  possible  expenditure  can  eliminate  curvature  alto- 
gether and  give  a  continuous  right  Itne  AB,  Fig.  5,  of  any  con* 


Pic  <. 


ffiderable  length,  in  place  of  the  curved  line  shown,  nor  make 
much  more  reduction  in  It  than  is  indicated  by  the  dotted  line  in 
I'ig-  5:  nor  can  we  make  more  than  a  small  difieience  in  distance 
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ordinarily,  nor  have  we  more  itian  ihc  choice  between  the  grade- 
tines  h  and  e.  Fig.  <>  saving  a  mere  IractJon  of  the  rise  and  UIL 
The  grade-line  <;,  taking  out  all  the  rise  and  fall  between  A  and 
S,  is  rarely  a  financial  or  physical  possibility, 

160>  For  these  reasons,  assuming  what  cannot  always  be 
assumed,  that  the  engineer  has  first  done  well  in  putting  his  line 
upon  the  ground  so  as  to  avoid  unnecessary  distance,  curvature, 
and  rise  and  fall  (i.e.,  ihat  whic^i  might  have  been  eliminated 
withotii  expense),  to  eliminate  altngetliei'  even  "  little"  diflerences 
in  ilie  minor  details  will  ordinarily  involve  an  immense  expense. 
But  grant  ihcm  all  to  have  been  eliminated,  without  expense, 
from  the  least  favored  of  llic  two  lines  which  we  began  by  assum- 
ing (par.  i6a).  and  let  us  see  with  somewhat  more  detail  to  what 
extent  it  will  be  benefited  thereby.  (For  a  more  exact  estimate 
see  Chap.  X.) 

It  will  not  reduce  ilie  interest  charge,  even  if  it  do  not  (as  it 
ordinarily  must)  increase  it,  and  that  lakes,  say,  one  third  of  the 
receipts.  As  respects  the  remaining  two  thirds  of  the  receipts, 
which  includes  what  are  ordinarily  termed  "  operating  expenses:" 
It  tyill  not  reduce  the  number  of  trains,  (or  the  length  of  trains 
is  not  alfticicd  by  iheni.     Consequently, 

Ii  will  not  redwcc  train  wjigci  and  supplies,  which  are  (Table 
80)  some  17  per  cent  of  the  expenses  ; 

It  will  not  reduce  station-agent's  wages,  nor  station  labor, 
nor  the  salaries  of  the  general  officers  and  clerks,  nor  taxes,  nor 
terminal  expenses,  and  these  constitute  some  30  per  cent  of  the 
expenses : 

li  will  somewhat  alleci  repairs  of  engines  and  cars,  fuel,  oil 
and  water,  and  maintenance  of  way,  aggregating  some  53  per 
cent  of  the  operating  expenses  ;  but 

TSS,  It  win  not  aSect  thai  portion  of  the  cost  of  fuel  and 
engine  and  car  repairs  which  is  due  to  yard  and  station  work, 
stopping  and  starting,  wear  of  paint  and  rotting  of  wood,  natural 
running  wear  over  the  rest  of  the  possible  line,  injury  to  boilers 
from  cooling  off,  care  and  maintenance  of  shops  (except  in  an 
indirect  and  trivial  way),  etc,  etc  These  causes  together  in- 
clude an  immense  proportion  of  the  total  of  these  items. 
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We  have  seea  (par.  143)  that  something  like  28  per  ceni  u[ 
I  the  locoRiutives  of  New  York  State  are  used  for  yard  work  only, 
besides  which  a  large  proportion  of  the  wear  aii<l  tear  and  waste 
of  power  of  engines  in  regular  service  comes  from  yard  work 
ud  Stopping  and  starting.  Precisely  how  much,  wc  will  not 
now  consider ;  but  it  will  be  plain  in  a  general  ivay  that  only  a 
minute  percentage  of  even  the  cost  of  engine  and  car  repairs  can 
be  saved  by  improvements  of  line  which  do  not  reduce  Ihe  niim> 
berof  trains  required. 

Then  as  to  mainienance  of  way:  All  that  degenentiion  which 
comes  from  the  elements,  from  the  decay  of  tic«,  from  the  growth 
of  weeds ;  expenses  for  maintaining  frogs,  switches,  sidings, 
yards,  stations,  bridges,  culverts,  crossings,  signals,  track -walkers 
((or  the  most  pan),  track-watchmen,  hand-cars,  fences,  etc..  are 
vinually  unaffected,  or  nearly  so,  by  any  moditications  of  line 
(except  distance)  which  are  within  t)ie  power  of  the  engineer  lo 
cRcct,  as  is  likewise  that  portion  of  ihc  wear  of  rails,  tic5.  and 
turfacing  which  would  exist  on  the  best  possible  line,  and  which 
it  on  any  long  line  (for  none  are  everywhere  unfavorable)  by  far 
tbe  larger  part  of  it. 

ITO.  There  remains,  therefore,  only  a  very  small  fraction  of 
about  half  the  operating  expenses,  or  a  very  small  fraction  of 
one  third  of  the  revenue,  which  varies  directly  with  the  minor 
dcuils  of  alignment,  whcrcasa  full  half  (in  round  figures)  of  the 
operating  expenses  or  a  full  third  of  the  revenue  varies  directly 
with  the  numlAr  of  trains.  The  smaller  loss  is  still  enough  to 
justify  and  require  the  utmost  care  of  the  engineer  to  avoid  il, 
but  it  is  not  enough  to  make  it,  ordinarily,  anything  but  the 
worst  of  bod  judgment  to  sacrifice  the  securing  of  good  limiting 
gradients,  or  the  reaching  of  more  traffic  points,  to  get  "a  short, 
str.-iight,  and  level  line,"  which  may  or  may  not  mean  a  good  line, 
forwc  shall  see  (Part  III.)  that,  although  ,t  tolerably"  level  "line 
passing  over  low  summits  ordinarily  means  one  with  low  ruling 
grades,  yet  that  the  two  liave  no  very  exact  relation  to  each 
other. 

t7t.  We  may  further  enforce  the  very  important  moral  of  the 
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comparative  unitnporiance  of  ihe  minor  details  of  alignment  by 
what  is  really  a  close  parallel  from  ordinary  business  life  : 

Let  us  assume  the  case  of  a  large  wholesale  house  which 
Mnds  out  its  "dnimmers"  10  all  piinx  of  the  coiiniry  to  obtain 
business.  Every  time  it  sends  one  out  it  has  a  re^isonable  cer- 
tainty of  selling  something  and  a  possibility  of  selling  a  good 
deal.  Such  a  house  may  be  compared  to  a  railway  corpoiaiioo, 
which  sends  out  its  trains  to  secure  a  certain  minimum  hut 
varying:;  maximum  of  traffic 

Now  in  the  conduct  of  such  a  business  there  are  three 
ends: 

I.  To  sell  all  the  goods  possible. 

3,  Tu  dispense  with  all  the  miles  of  travel  possible. 

3.  To  reduce  the  cost  of  travel  per  mile. 

So  in  planninff  a  railway  there  arc  these  three  ends,  pre 
analogous  to  the  (ormcr  in  their  nature,  and  as  nearly  as  mayl 
in  degree : 

I.  To  sell  all  the  transportation  possible. 

3.  To  dispense  with  all  the  irain-miles  possible. 

J.  To  reduce  the  cost  of  running  trains  per  mile. 

173.  Of  all  the  three  ends  sought  in  the  drumming  buS 
the  least  important — thi^  mi.vor  dktaii.  of  the  drumming 
ness — is  to  icducc  the  direct  cost  of  travelling:  the  expenditures 
for  railway  and  slccpins-car  fares  and  to  hotels.  Not  that 
tht;y  are  unimportant,  for  the  firm  which  was  reckless  about 
them  might  readily  be  ruined  ;  but  they  arc  a  minor  uetail,  of 
small  effect  upon  the  ultimate  result,  whether  they  be  large  or 
small,  if  the  business  as  a,  whole  be  well  planned  and  well  con- 
ducted; and  the  firm  which  should  concentrate  its  attention 
upon  them,  giving  its  thought  to  selecting  routes  where  Ihe 
travelling  expenses  per  day  or  per  mile  were  small,  to  the  neglect 
of  the  more  important  question  of  securing  more  business  or 
reducing  the  amount  of  travel  required,  whether  its  cost  per  mile 
or  per  day  were  large  or  small,  would  be  justly  deemed  on  the 
road  to  ruin. 

No  doubt  many  have  been  so  ruined,  for  the  petty  end  whictl 


I 


<ta>  dullest  mind  cannot  (ail  to  perceive  and  comprehend  msy 
t:i.  from  that  fact,  an  unduly  large  arc  in  the  mental  horizon  of 
many. 

1T3.  And  so  not  only  some  but  many  railways  may  be,  as 
ilMy  have  been,  ruined  as  productive  propcrlicH  by  the  undue 
importance  given  by  engineers  to  the  minor  details  of  .nlign- 
acnt :  those  details  which  do  not  add  at  all  to  the  triiflic  of  the 
lioe.and  which  do  not  reduce  nt  all  the  number  of  trains  needed 
to  handle  it,  but  which  simply  effect  a  "  picayune  "  saving  in  the 
eost  per  mile  run  :  a  saving  which  is  oftvn  so  slight  as  to  be 
ispercepttble.  which  stilt  more  often  adds  to  the  interest  charge 
mre  than  it  saves,  and  not  infrequently,  as  we  shall  see,  results 
b  a  negative  saving,  or  absolute  loss  from  the  larger  expendi- 
ture 

As  a  matter  of  fact,  the  first  and  most  important  end  in  the 
tonductof  the  drumming  business  \%  tc gel  all  ike  busineu positbU : 
eitryihing  else — both  the  drummer's  time  and  his  expendi- 
tUTe» — is  subordinate  to  that,  because  if  the  end  is  not  secured 
the  means  must  necessarily  be  bad.  S"  with  a  railway  corpora- 
tMD :  the  first  and  most  important  end,  when  there  is  any  great 
difference  between  routes,  is  to  put  the  line  where  there  will  most 
business  come  to  it. 

174.  And,  finally,  the  second  most  important  end  in  the  drum* 
mtng  business  is  to  obtain  the  most  business  with  the  least 
possible  aggregate  of  travel,  because  avoidable  travelling  is 
expensive,  not  only  from  its  direct  cost,  but  from  its  waste  of 
the  drummer's  time  and  possible  earnings  in  more  productive 
localities.  If  in  any  possible  way  one  drummer  can  be  made  to 
dn  the  work  of  two,  or  two  drummers  the  work  of  three,  the 
economy  is  so  great  that  any  probable  or  possible  dilfercncc  in 
the  drummer's  expenses  vilv.  milk  will  hardly  affect  the  question 
at  all.  So  witharailway  corporation:  thcsecond  most  important 
end  is  to  do  their  business  with  the  least  number  of  trains  per 
rr.ilc,  because  making  one  train  do  what  two  did  before  saves  ali 
the  expense  of  the  extra  train,  whereas  cutting  out  some  curva- 
lur«  or  distance  will  only  save  a  part  of  it— and  a  very  small 
>3 
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part.  Until  all  has  been  done  which  can  be  done,  therefore,  to 
reduce  the  number  of  trains  required,  it  is  hardly  worth  while  to 
give  a  thought  to  reducing  the  expenses  per  train-mile.  After- 
wards it  becomes  proper  and  important  to  reduce  the  latter  alsa 
to  the  extent  that  is  permissible  without  encroaching  on  the  two 
more  important  ends  ;  to  get  the  business  to  carry  and  to  make 
a  few  trains  carry  it, 

I7S.  The  student  can  do  no  more  profitable  thing  to  qualify 
himself  for  the  correct  conduct  of  location  than  to  ponder  over 
the  parallel  thus  drawn  until  it  is  clearly  perceived  to  be  essen- 
tially true,  not  only  in  substance  but  in  degree;  until  he  clearly 
perceives  that  the  three  ends  of  getting  business,  of  saving  need- 
less travel,  and  of  reducing  the  direct  mileage  expenditures 
should  occupy  about  an  equal  proportion  of  the  attention  of  an 
engineer  building  a  railway  and  a  drummer  building  up  trade. 
Each  is  important.  No  one  of  them  can  be  safely  neglected  ; 
but  each  in  the  order  given  is  far  more  important  than  the  other. 

Why  this  is  so  in  railway  busioess  appears  more  in  detail  in 
the  three  following  chapters. 
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170.  Tm  effect  of  a  variation  in  the  length  of  a  railway  on  the 
TA'-je  o(  the  property  we  have  seen  (Chup.  III.)  to  be  peculiur  in 
lhi»— that,  alon<:  among  M  the  detiiiltt  of  iiligiimcnt,  it  li;t»  » 
direct  and  maleriul  effect,  tti»l  only  un  expcnM.-*.  but  on  tlic  reve- 
nue or  receipts,  which  tends  very  materially  to  reduce  iCt  finun> 
cial  disadvantage.  As  a  contrary  view,  leading  to  a  feeling  ihal 
any  longer  distance  between  lermiiu  is  an  unmitigated  mis* 
fortune,  and  a  great  one,  is  common  even  with  engineers  and 
[ifactical  railroad  men,  and  as  this  view  is  as  mistaken  as  it  ii 
common,  and  leads  to  much  mistaken  action,  it  will  be  well,  be- 
fore proving  afGrmatively  that  this  view  is  an  error,  to  point  out 
the  nature  and  source  of  the  error  (which  is  easily  cnoURh  seen), 
since  the  presumption  is  strong  that  any  view  which  is  widely 
held  is  a  true  one. 

177>  Its  origin  lien  in  a  scries  of  plausible  tian-se^uilurt,  whicb 
are,  in  a  few  words,  ihcsc — nf>  one  of  them  being  true  : 

I.  Rates  arc  (usually  and  whenever  possible)  fixed  at  so  much 
per  mile,  buauu  (fallacy  i)  it  costs  so  much  per  mile  lo  transport 
the  passenger  or  freight.  Ten  ^cr  cent  more  or  less  distance 
means  ten  per  cent  more  or  less  fare,  and  "  necessarily"  (fallacy 
i)  ten  per  cent  more  or  l»s  cxpenxe. 

3.  But  on  our  particular  railway  the  service  rendered  is  josi 
as  valuable,  if  transportation  be  furnished  from  the  point  desired 
t6  lite  point  desired,  whether  the  intermediate  distance  be  90 
miles  or  100  miles,  and  hence  (by  a  long  but  unconscious  jump 
over  a  vast  hiatus  in  the  reasoning)  we  shall  "  of  course"  (falliK/ 
j)  receive  the  same  money  for  it.     Therefore,  necessarily. 
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3.  All  extra  Hisliiiicc  adds  greally  to  tlie  cost  of  the  service 
(fallacy  i  and  j);  adds  nothing  lo  the  value  of  ihc  service  (true 
enough  with  certain  limitations);  hence  adds  nothing  to  revenue 
(fallacjr  3),  and  hence  ts  among  the  greatest  of  disadvantaftes: 
0.  E.  D. 

Tlie  truth  is,  not  one  single  item  of  railway  expenditure,  large 
Of  small,  not  even  fuel  or  wear  of  wheels,  varies  in  direct  miio 
with  distance,  or  in  anything  like  direct  r<ilio,  and  more  ilian 
half  of  them  are  very  slightly  if  at  all  affected  thereby.  On  the 
other  hand,  a  very  large  proporiion^-on  some  railways  almost  tne 
whole — of  the  receipts  docs  vary  directly  witli  tlic  distance. 

170.  The  reason  why  rales  are  so  generally  based  more  or  less 
directly  on  distance  hauled,  and  on  nothing  tUe  except  necessity, 
is  not  in  the  least  that  it  is  u  primary  factor  in  the  cn»t  of  the 
service,  but  simply  this:  The  sale  of  transportation,  like  the 
sale  of  any  other  commodity,  is  governed  by  the  one  universal 
business  law  of  selling  whatever  is  salable  as  dearly  as  possible 
(or  at  least  as  dearly  as  is  prudent  and  wise),  regardless  of  the 
cost  of  production.  The  selling  price  of  no  marketable  com- 
modity, whether  transportation  or  houses  or  cotton  clmh,  is  fixed 
by  the  cost  of  production,  except  thai  if  it  will  not  bring  a  pro- 
fit on  its  cost  it  is  no  longer  produced  ;  and  for  railwa)-s  any- 
such  attempt  would  he  particularly  senseless,  for  the  reason  that, 
as  we  have  elsewhere  seen  (par,  40,  181),  the  cost  of  any  par- 
ticular sale  of  transportation  may  be  considered  as  varying  any- 
where from  Hero  upwards  ;  depending,  to  a  far  greater  extent 
lan  in  any  other  commercial  transaction,  simply  upon  the 
kmoinit  that  can  be  sold. 

179.  Thus  it  has  happened  that  the  distance  transported  has 
been  made  the  basis  for  tariffs  (when  they  have  any  basis  what- 
ever other  than  the  amount  which  it  is  possible  to  collect),  as 
measuring  in  a  rude  way,  not  the  cost  of  the  service,  but  the 
consumer's  idea  of  its  value.  In  point  of  fact,  the  distance  trans- 
ported is  but  one  of  many  circumstances — and  certainly  not 
the    most    important— which   fix-   the   cost  of    transportation. 
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Gra<]es,  cur%-3iure,  cost  of  consiruction.  terminal  expenses,  vol- 
ume of  traffic,  ntietlier  the  can  return  full  or  empty — all  these 
have  very  much  more  tu  do  with  the  cost  of  service  than  the 
mere  tlisiancc  transported,  but  ihcy  are  entirely  neglected  in  fix- 
ing schedules  of  rales,  simply  bcc;iuse  the  consumer  is  nut  con- 
icious  of  receiving  any  value  when  he  is  transported  over  curva- 
ture or  grudes,  but  is  conscious  of  receiving  value  when  lie  is 
tnnsportcd  over  distance.  For  this  very  Iminble  reason  only, 
and  not  because  there  is  any  naiurn!  equity  in  it,  the  railway 
taxes  him  lor  the  one  service  and  not  for  iheoihcr,  so  lliut  it  may 
even,  to  a  certain  extent  and  under  certain  circumstances,  and  so 
ionjc  at  those  circumstances  continue,  be  a  positive  advuniage  to 
■  line  to  have  a  few  mites  of  extra  distance,  especially  when  ad- 
ditional way  traffic  is  tliereby  secured, 

IB(h  The  mere  possibility  of  such  effect  makes  it  invariably 
DKCtsar)-,  in  considering  tliu  eRect  of  distance,  to  consider  it> 
eHect  on  revenue  as  well  as  on  expenses,  even  if  the  former  be 
cofisidcred  only  >o  be  disregarded.  To  disregard  it  is  often  the 
oaly  proper  course,  for  this  reason  if  no  other :  As  a  question 
purely  of  public  policy— that  is  to  say,  if  the  interests  of  the 
OOrporaLioa  were  in  all  respects  strictly  identical  with  the  in- 
terests of  the  community  as  a  whole— the  effect  of  distance 
upon  operating  expenses  would  be  the  only  one  which  there 
•uuld  be  need  to  consider,  and  its  effect  on  revenue  siiould  not 
be  considered  at  all.  For  since  the  real  service  rendered  and 
paid  for  is  the  transportation  of  persons  or  property  from  one 
terminus  to  another,  the  precise  length  of  track  between  the  two 
itvould  have  no  more  effect  upon  the  price  paid  than  the  precise 
amount  of  curvature  or  rise  and  fail,  and  much  less  than  the  rates 
of  ruling  grades.  All  should  be  considered  or  none  should  be. 
And  even  in  the  case  of  railways  constructed  by  private  en* 
lerprise  fur  pecuniary  profit,  although  the  fact  that,  both  by  taw 
and  by  fixed  custom,  there  is  a  certain  credit  side  to  the  disad* 
vantages  of  a  circuitous  route  and  not  to  other  disadvantages 
is  entitled  to  a  certain  legitimate  weight,  yet  the  nature  of  this 
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credit  side  greiillv  alTects  the  expediency  of  relying  on  il ,  fur 
it  i^T  obtained,  not  by  rendering  more  valuable  service,  nor  by 
decreasing  the  cost  of  tlic  service,  l>ul  by  (lie  corporation  avail- 
ing itself  of  an  arbitrary  custom  to  transfer  a  portion  of  the 
burden  arisini*  from  one  element  of  an  unfavorable  line  (and 
nut  of  otiicrs)  from  its  own  shoulders  10  the  public  al  larjjc,  or 
10  its  connecting  companies. 

Moreover,  this  is  a  variable  power,  which  does  not  nlways  exist 
at  all.  We  will  therefore,  for  the  present,  postpone  all  disciiision 
of  llial  side  of  the  question,  and  neglect  it  wholly,  until  we  have 
determined  the  cRcct  of  distance  upon  operating  expenses, 

Ifll.  Ai  illustrating  ih«  canlly  greuter  cB«ct  of  other cau*«stb«a  dlttotice  on 
ihc  cmc  nl  irantporuilon 

Wm.  von  NtfrdlmR,  one  of  (he  most  eminent  o(  Auiirian  engintert,  <n  a 
itutly  on  the  cost  of  laitnray  trans  porta  Hon,  ■ifnipiii  of  a  propoiiiion  for  <on> 
situciinK  large  canatt  lu  connect  the  Danubo  wiih  the  Oder  aiitl  the  Eltia, 
tutimui  some  inierealing  cnlculalions.  in  nhich  he  ai-oids  the  mistake  sb 
tnmmcinly  made  In  aucb  talculailons  (and  oflcner  In  Europe  than  elucwhercF 
of  calculating  the  irvnifvcmt  per  mile  of  iranipariaiicin  on  the  laitcoad.  sod 
B»iimins  ihnt  10  be  the  mrasurr  of  the  cost  of  Iransporting  any  greater  or  Its* 
aniouMi  of  iralllc  any  ijreittcr  or  leis  distance. 

After  cakulalini!  thai  the  average  rost  per  ion  per  mile  on  the  Thelts  Ratl- 
■ray  of  Austria,  in  iS'S.  vas  o.qS  cent,  exclusive  of  lii^iiins  and  unloiidinK-  ))• 
Andt  that  additional  freight  under  ordinary  conditions  would  have  coat  01.4ST 
cent:  wiih  cars  full  one  way  and  returning  cmpiy,  0.301  cent;  and  full  both 
wavs.  o.lSb  cent  |>er  ton  per  mile:  while  back  load  tor  car*  that  otherwiBC  woald 
(Cliun  empty  nouldhavc  added  only  o.iSo  cent  per  ion  per  mile  to  the  cxpensn. 
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162,  The  cost  uC  operating  additional  distance  not  only  is 
not  itic  same  per  mile  as  the  avcra(;c  cost,  but  is  nor  even  a  con- 
stant quantity  per  unit  of  additional  length;  that  is  to  say,  is 
by  no  means  the  same  per  mile  when  the  addition  to  be  consid- 
ered is  one  mile  as  when  ti  is  twenty.  With  the  small  changes 
of  distance  which  most  frequently  occur,  the  number  of  yearly 
trips  of  rolling-stock,  the  number  of  buildings  and  sidings,  and 
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con»<Icnl>le  class  of  expenditures  which  vary  ilierewiili,  fc> 
main  practically  cunstant,  as  well  us  (very  frequently)  tniin 
waget,  and  are  not  perceptibly  jiflectetl  iitiiil  the  cliunge  of 
length  amounts  to  ;i  considerable  percentage.  How  much  such 
Mi-ATivtLV  HUALL  CHANCES  or  LKKuTii  affect  cxp«n&cs  We  sliall 
first  consider, 

tttS.  Maintcnaxck  or  Way. — The  entire  cost  of  maintenance  of 
ii4y  proper  (cxcliidini;  ynrds  and  tiruciuresj  may,  witliout  any  serious 
■"-UjWrjtion,  Ix' iron  fide  red  n.i  varying  wit  ii  cliangies  of  diatiincc  ax  grr.it 
w  J  iir  }  rail»;  ttiii  it  \%  not  iruL-.  even  of  :tuch  items  as  track  labor  and 
trwk  wai.  Iidieri.  ttut  they  are  appreciably  affected  In-  variations  of  a  few 
lUMflrril  (eel.  or  evi-n.  sometimes,  of  m  raut-h  as  half  a  mite  in  distance. 
This  rtsults  from  the  tuct  that  tlie  cost  of  track  labor  is.  and  will  tH-  still 
more  iti  tlw  future,  Itxed  by  otlier  cau.tes  Oiaii  the  precise  amount  of  Ubor 
t9  be  performed.  It  it  essential  for  ^ufcty  tliat  tlicrc  -iliould  be  a  i^ng  of 
Ben,  \»Tyfi  etioush  to  liaodle  a  hand-cur  and  put  in  a  rail,  every  5  or  6 
Biles;  and  to  thik  end.  in  practice,  tbe  ruud  is  duridcd  up  Into  an  eveo 
nmbcr  of  wctions  at  about  that  length,  and  a  minimum  iniiiiljer  of  men 
amg;ne'\  to  each,  who<r  duiy  during  a  \»t^c  portion  of  the  year  i»  si<uply 
«»ehlulness  and  "tinkering."  It  is  only  during  a  few  months  in  ttw 
tpriiit;  and  summer  that  the  amount  of  labor  put  upon  tlic  track  varies 
■Uinly  w-jth  the  distance. 

I  li  1*  safer,  however,  10  consider  that  all  track  and  road-bed  expenses 
(tS  cts,  or  pet  cent— Table  8oj  will  u,»ry  directly  with  distances  large 
enou^fa  to  lie  measured  by  miles  or  quaner-miles.  as  they  will  certainly 
du  wlien  the  distances  become  as  great  a.s  of  3  or  3  niiles  :  bvii  for  dis- 
tances of  a  few  feet  or  stations  there  ts  no  reiisoniilile  possibility  that 
utber  Items  than  rail  wear,  tie  renewato.  ballast,  and  fencing  will  increa»e 
m  (lirrn  ratio, 

184,  Fl.'EL— A  very  const dernbtc  percentage  of  the  consumption  of 
(ud  rt  a  constant  w.istiigc  indcpcnricni  of  the  exact  distance  run.  The 
cost  of  kindling  lires  alone  avcnifrcs  8  or  10  per  cent  of  t)ic  total,  as 
^o«m  in  Table  84.  A  lire-box  full  of  coal  is  wasted  every  time  the  fire 
IS  dtawn,  which  was  formerly  at>oul  e^-ep-  100  miles  rtin,  but  is  ivow,  on 
OH  aver^ier  of  a  whole  road,  nearer  to  every  1000  miles,  owing  to  the  m- 

■  traduction  ot  the  praawrc  of  banking  lires.  especially  with  the  long  trip 
cfstent.  ThM  priictiire  saves  no  fuel,  however,  but  rather  wastes  some. 
lU  advant^p;  being  whi^ly  in  saving  of  time  And  of  mjuty  to  ibe  loco 
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Table  S4. 

SMOWIKO  THt  RtlATITt  CoST  Of  WoOD  FOR    KiNOUNO  OK  TRE  PKrLAML- 

pHtA  &  RKADiNa  Railkoad  for  a  Ssfties  of  Vkaei. 


Tnta. 

KlHOlOC-WClOD  TA  R>- 

fnttt  Of  Fuu. 

ATcrue  CDDnimptlea  el 
Weod  lor  Ktadllni, 

P»«t»ne«r 
Triint, 

Traisik, 

Coal 
Traini. 

pcrCoid, 

Coal 
per  Too. 

18&7-  ■  ■ 
t673 

14-3 

e.s 

97 

10. 

S" 
3-6 
4.1 

»S   79 
S  SO 

S  94 

»J   15 

J  So 
3  3S 

Pi»cngcr  irsini.  .13  c'd. 
Freight          "•        .15    " 
Coal               ■'        .n   " 

Average. 

10. g 

75 

4.3 

8S  74 

83  40 

Th*  ibovc  does  not  Include  the  cost  o(  any  coal  uwj  in  kiDdllng.  The  consumption 
of  wood  Mfmi  very  tRi*U ;  Mr,  Tiauiwiog  ("  Enginmn'  fockci  Book,"  p.  610)  (ivm  M 
coed  u  Ihe  avn-acc  (oniumptloin. 

WhvD  (hit  nud  wu  uiinc  wood  futi  ntirrlx.  paneD|^  tralni  UWd  l.J  COidi  pri  icn 
mllca,  or  ilboul  a%  cord*  per  duly  run  of  tn  mila.  AllOHini;  M  lurd  for  leiluijc  up 
Mcam  mmild  amounl  10  ndclly  10  per  Cent. 

Mil  William  Strocdlfv.  Loc.  Supt.  London.  Brichton  Sc  South  Coui  Railvaj. 
Id  «  p>pT  befoi«  the  Iniiliulion  of  Civil  l^n^eett  I1SB51  itiooa  ihai  ihi  numtar  or 
ftound*  of  oool  tnim»d  lo  r>li*  100  Ibt.  of  attm  from  wniet  at  70*  F.  vat  about  4;o  lbs., 
equiialtni  to  from  1  to  4  lb*,  of  coal  ptr  irain-mili;  when  kindlini:  fiiti  onc<  a  "oek.  o» 
■i-tryfiso  (o  fic>o  milr*  run.  Thl4  amounti  to  slmont  ciaillr  ici  per  (edi  or  the  lotal 
qutnutrol  coal  bumrd  prr  niitr.  Hf  eivrt  nlviiafclnthowmi;  that  higpuMnj^ciiipiint 
■ptnd  nearly  hall  Ihr  time  that  Ihrran  nominallr  in  •Frvicetilhef  in  iwilchioEor  ■Cauding 
ulU  tmoAtf  ihi  laiwrj.  wid  mij  ball  the  time  nimilae. 


motive  (fotn  cxpan«ion  and  c^oiraction.  TTiis  icrminat  nasiacetlone 
Witt  average.  i)>erc(orc.  tome  400  or  ;oo  pounds  per  too  miks.  sufficieni 
to  run  n  locomoi'vc  s  'o  'o  milc^.  or  5  to  10  per  «m  of  the  toial  con- 
ttimplion.  Wl^etlicr  the  firei  nte  drawn  or  not.  a  lirc-box  full  ol  coal  at 
least,  and  usually  more,  b  wasted  at  tlie  end  of  every  trip. 

tS&>  The  consumption  due  to  stopping  and  starting  and  to  standing 
Idle  in  yards  and  on  side  tracks  isalso  a  heavy  item,  and  may  be  considered 
at  nenrly  independent  ol  distance  in  the  c-ise  of  two  nrjrly  equal  lines 
opetnted  wiih  the  same  number  of  steps  and  sidings  between  the  Kame 
termini.  The  direct  amount  of  loss  of  power  in  stopping  a  train  run* 
ning  ai  i;  miles  an  hour  is  sufficieni  tolilt  it  vertically  neafly8feet.as  wilt 
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be  Men  In  Titblc  II&,  and  ai  )o  miles  an  hour  (our  times  that  height,  or 
neulf  33  feel.  T)ie  rolling  resist^ance  of  a  loaded  (reiglit  or  pn.wctiger 
(nip  In  motion  on  a  level  being,  as  will  be  seen  herealter.  e<)uivfllcrit  to 
lliai  of  a  grade  of  less  than  16  d-ct  per  mile,  we  liavu.  from  stopping  and 
■taning  only,  a  vaste  of  power  siilliciciii  to  tun  the  train  one  hiilf  imie 
ill  the  one  case  and  two  miles  in  the  other,  causing  a  loss  fur  ;in  avrragc 
Dumber  of  stops  for  stHiioiut  and  Gro»«ings  of  something  vcr^-  close  to  10 
percent  of  the  total  consumption.  In  *uch  extreme  oiscs  as  the  Manhat- 
iBfl  (elevated)  Railwayof  New  Vork.  where  there  are  station*  nbout  every 
three  eighths  of  a  mile,  very  nearly  three  quarters  of  the  toml  consump- 
tion of  fuel  has  been  shown  to  be  due  to  ihii  enusc.  As  to  ihc  u'asi.igc 
wbde  standing  idle,  espenmcnts  made  by  Mr.  Keubrn  Wells  sliow  ihat 
an  engine  with  jacketin);  in  pcrlcct  order,  standing  idie  all  day  long  in  a 
jrard,  wboily  protedcd  from  wind  and  using  no  sicnra  in  the  cylinders, 
rtquirrs  from  35  to  yi  lbs.  of  coal  per  hour  to  keep  up  steam  in  the 
boiler,  or  nearly  enoujth  to  run  it  a  mile  in  service.  For  the  short  stop* 
iaai^uul  service  at  least  twice  ihis  amount  per  hour  Is  probably  wasted, 
including  what  is  bl<iwti  out  of  tbe  safety  v.ilvc.  owing  to  all  i^rts  of  llie 
ngiae  being  hot.  and  a  surprisingly  great  amount  of  tin>e  is  spent  on  an 
avcrad^e  freight  trip,  and  even  passenger  trips,  in  simply  standing  &tilh 
It  will  average  o\-er  4  hours  per  day,  If  not  more.  In  freight  service  on 
tiagte-irack  roads,  not  Including  the  time  lost  at  the  brsinning  and  end 
of  the  trip;  and  on  the  very  fastest  express  runs  esperience  has  shuwn 
thai  fully  ofxti  fourth  of  the  time  between  termini  is  lost  by  siopc  This 
amounts  to  a  further  waste  of  3  to  6  per  cent. 

186.  From  all  these  causes  together  it  is  a  very  moderate  esiimnie  that 
about  tfntf  third  of  the  total  cost  of  fuel  is  not  allcctcd  by  a  slight  change 
more  or  less  in  the  length  of  ihc  line.  The  average  consumption  of  fuel 
per  train-mile  in  both  directions  is  not  so  greatly  atifectcd  by  grade  that 
we  need  consider  the  question  of  whether  the  additional  disi:ince  is  on  a 
grade  or  on  a  level.  Going  up  gr.ide  the  consumption  is  greatly  in- 
ereased,  but  there  ts  no  consumption  of  steam  at  all  in  going  down 
g'ide,  so  lliat  the  aveni;;c  is  only  slightly  increased. 

187.  Repairs  of  Engines  and  Cars.— It  i*  ciceedinely  common, 
and  for  certain  jwriiose*  proper  enough,  to  assume  these  expenses  to 
vary  directly  with  dtst:mce.  but  for  our  present  purpose  this  is  very  eiro- 
jttaak.  The  wear  and  tear  of  rowing-stock,  it  is  plain,  arises  from  several 
distinct  causes,  of  which  the  regular  running  wear  when  in  motion  is 
only  one    Tbcsc  canaes  are; 
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I.  Deterioralion  from  time  and  age;  Varying  ^oUh  Uih*. 
t.  Stopping  411(1  starling:    Varying  viilh  utimifr  ef  stopt. 

3.  Ti'rmin.il  service,  getting  up  steam  and  drawing  lircs.  switching, 
making  up  icains,  ct*:.:  Varying  with  Ifit  nunibtr  of  iriff,  independent  of 
thuf  length. 

4.  EAcct  of  curvature  and  heavy  gntdct:  Varyii^  vith  the tharacit 
fif  tAe  aiigiimM/.    And.  Hn^lly.  we  conic  to 

5-  Effect  of  regular  running  between  siationc  on  a  tangent ;  I'uryii 
with  ditlantt  (the  Hiidition;il  uflect  o(  any  curvature  on  a  given  dlttacv 
twing  a  separate  matter). 

Ai.i.  of  the^c  causes  contribute  to  increa*e  the  cost  of  maintaining  roll- 
iiig>£toch.  and  as  [he  whole  cannot  be  greater  than  the  sum  of  nil  ita 
parts,  the  elect  of  any  one  of  them  iiloiie  must  be  much  Icm  than  iho 
total  cost  uiilcn  the  etieci  of  the  oilier  four  is  insignificant.  Ivach  item 
will  be  seen  to  v^iry  o'ilh  a  different  C4use  and  only  witU  that,  and  only 
one  <>(  these  cause*  is  the  exact  tciiglli  of  track. 

108.  llic  mere  &tatcmcMt  of  these  (act*  at  once  make*  probable  that 
rolling-stock  repairs  cannot  vary  very  directly  u-ith  distance  alone  wliea 
the  other  oiusea  of  deterioration  remain  the  same,  although  precisel)r 
bow  murh  each  cause  contributes  10  the  total  will  prolmbly  always  ro-^ 
main  an  inileterminate  problem.  Notliin^  hut  the  most  exh.iu^tivc  c. 
periments  could  settle  it  aceurately.  llenec  we  find  t lint  when  men 
attention  is  specidlly  fixed  upon  the  disadvantages  of  s'ime  one  of  theW 
causers  tliej-  are  very  apt.  with  entire  good  (aiili.  to  cxnggcrjite  the  cHeci 
of  that  one  cause,  simply  from  momentary  forget  fulness  of  how  many  other 
causes  are  also  co-oper^ilng  to  make  up  the  aggregate.  If  the  effect  ol 
distance  is  under  discussion,  the  whole  cost  of  (ollingstock  ri^pain  will  be 
charged  olT  as  so  much  pci  mile  run,  as  it  no  other  cause  but  mileage  had 
any  c9cct :  but,  on  the  other  hand,  if  the  disadvantages  of  some  grade 
crossing  arc  in  question,  we  shall  have  the  wear  and  tear  resulting  from 
that  cause  spoken  of  aji  something  fabulous.  And  »o  about  the  injurious 
ellcct  ol  some  particularly  crowded  yard  or  olij actionable  curvature. 
Bot  starting  from  the  premise  that  the  total  effect  of  all  these  causes 
cannot  be  more  than  100  per  cent,  wc  have  in  Table  8;  a  subdivision  of 
this  total,  item  by  item,  between  the  above  five  causes.  As  this  has  ticcn 
done  with  great  care  to  get  the  best  attainable  authority  for  eaeh  (which 
it  would  occupy  loo  much  ^pace  u>  give  in  d«ail).  thcniari-iti  for  powible 
error  is  not  great  enough  to  be  of  moment,  although  no  absolute  cJua> 


1 


ness  can  be  claimed  for  it. 
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Table  65. 
DiiruauTiox  op  ihs  Cosr  of  Ekuim  KKrAtKS  to  trs  Vakiocs  CoNTan. 

VTINO   CAt'iES, 


hu. 


Toul  I  BffiKI  ti 

Com  «I,    Time, 

Imdi,  I      Ace. 

A»d 


Mm 

SM«ia(  itvar. 

HMhlaerv ^ 

MmiiiI-o 

L«ct'n(  and  palollng... . 
SbcAc  tKIX.  ((C 

Ranning  grar 

BAdrand  tank. 


Total. 


Di«nt|tirTi*iir. 


Si«ninff 


Curvaittr* 

Jtnd 
Grado, 


p.  c. 


|>.e. 
».o 

90. o 
$0.0  ]      I. 


13. 0 

■0.0 

3.0 


4. 
I. 


p.e. 
9. 

A. 
7. 


*. 


p.  c 

7. 
t. 
3. 


I. 


t. 
I. 


7- 


I! 


p.  c 
■!• 
7. 
S- 


J. 


19. 


en 
TanRtot 


p.    L 

7- 

;. 


6. 
3- 

4- 
I. 


ifl. 


Tabi-f.  06. 

DnrmtmoH  o^  thi  Co«t  nt  FawoiiT-CAn  Ru-airs  to  its  VAaious  Con- 

TKIBUTINc  Caused 


Tolal 

Ca«  at 

Iwm. 

Dimiiiimaii. 

^^          torn. 

Edri:!  of 

TlHjr  >nrt 

Alt*,  '"- 

dcpCll-lcoT 

ufWoril 

and 

aod 

Sluline- 

TenBlnil : 
MilGinp 

up 

Tri.ni, 

eic. 

And 
G"dr»- 

DmlSLnoe 
canffr 

Suiioni 

fin 

Tuck 

Vhnlii 

p.  e. 
30. 

so- 
lo. 

S- 

5- 

\o. 

S- 
S- 

p.  c 

a. 

I. 
3- 

p.c. 

3. 
0.5 

p.c. 
3. 
s. 
1. 
I. 
1. 
4. 

3. 
0.5 

p.c. 
'3- 

5- 

I. 

1. 

1, 

p-C. 

10. 

AxIm.  bfaMca.  and  boxtn 

18. 
6. 

Truck  Iraoic  and  fittkgv 

1. 

SiU*  and  Aiudinicntl 

Car  bodf ,  paisiiog.  etc. . 

1. 

lOO. 

6.0 

»1.S 

13. S 

33.0 

36.0 

Tbe  pfoponkKuU  ooff  of  wheel*.  ule>.  mi  brum  ibovc  li  pethaps  tare*,  and  thM 
I  «( tMkaa  a»A  ib«w-lMU«  muU,  but  il  b  in  uxorduicc  with  the  bcff  uulnabl*  iDtonualioo. 
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18P.  In  Tabic  85  each  of  the  smaller  Items  is  as  small  as  it  can  rea- 
xonaUly  be  made.  Consequently  not  more  liian  43  per  cent  of  the  cosi 
o(  lUc  engine  tepairs  appears  to  vary  with  the  minor  changes  of  length. 
TI1C  dlitTibutlon  to  cuivamrc  and  grades  will  be  spoken  of  hereafter,  h 
will,  of  course.  VBiy  greatly  on  dilfcreiil  roads.  Table  86  is  a  nimiUr  di»- 
tribulioii  of  the  cost  of  freight-car  repairs  based  in  part  up<»i  T»bt«  71 
to  75.  and  in  part  on  Tabic  87. 

100.  It  will  be  vxn  Hint  ft  considerably  la^cr  proportion  o(  car  re> 
pairs  ili;iii  of  engine  repairs  is  Independent  of  disiunce.  as  is  bill  naiurtl. 
Tlie  cost  of  pas^-cnger-car  repairs  may  be  considemi  as  not  greatly  differ- 
ent per  train  from  that  of  freight  trairs.  but  the  raainienancc  of  the  scats, 
(urnltiire.  and  inside  and  outside-  ornamcniaiion  make  up  much  more 
than  half  the  cost  of  paviengcrcar  repairs,  mi  that  the  cost  per  train  of 
nil  kinds  of  running  wear  is  much  less  considerable. 

Table  87, 


ErriMATU)  Coer  New.  Scrap  VAt-tiB.  anp   Ratb  op  DsrueaATioif  or 
Fkkioht  Cars  op  Various  Kinds. 

IDcdiKcd  ttata data  (njl>llih«d  In  the  JfaUnal C^r^Bullttr  of  April.  itCa] 
BfxCan. 


Labor r 

MaUriil. 

Toul. 

Sci»p 
Vilue. 

Toul 
DtprM  D. 

Lilf, 
Vnn. 

Annul 

»90.oo 

45. "o 
10.00 

04.94 

«35  0n 

J5-00 

4.00 

95.00 

»S5- 
70. 

4 
8 

3 
35 

»'3.75 
3-75 

3. CO 

9.30 

IHuw'tMn.... 
K<">l..r. 

I'uliiilii* 

Tiliiinih>8s>- ' 

T-3J 

36.0^ 

%iM 

«5-4? 
10.76 
36-7S 

13.99 
S-B9 

4l9.l9 
9.16 

3-95 
6,79 

3-34 
I. 19 

7.58 
%.\b 
6.33 
1.13 

330  04 

0-40 

99-03 

50-64 

JS.83 

11.88 

44-31 

7.41 

19.59 

6.0a 

70-00 
9. 00 

6.00 

10.00 

4-00 

1.00 

9.00 

J.oo 
3.00 

t&i. 
7.50 
9J. 

50. 
35. 
II. 

43- 
7.  so 

16. 

3- 

7.5 

6 
6 

'1 

10 
to 

7 

90 
90 

»ji.SO 

S.8j 
3-33 
3.19 
I.IO 
3. 10 
1.07 
.60 

"5 

T«Ul,  Imu  L-. 

4IO.S4 

45.58 

456,19 

no. 00 

346. 

0.1 

»3S  >S 

Vmhcon---- 

J«.79 

43. 63 

431.40 

(or< 

•r.) 
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Tablf.  87. — CoHtinutd. 
Flat  and  Oat  Can. 


Ttutk  (as  abore) 

Ilukn  

Ikiw-Ure 

Ynnt. , 

nvor 

SUM 

rtiuat.. 

Tmwt 

PMMllW 

Toul 


Toul  Cut 


Seme 
Value. 


q.49 

4S.O0 

13. 0» 

S.oo 

5.00 

6.00 

6.00 


tjfto-lfi 


»79. 
2. 
6. 
10. 
I. 
I. 
1. 
3. 


$103. 


Tuul 
I>cprt>t  111^11. 


Y«.n, 


$161. 

7.50 
»3- 
3S. 
II. 

7- 

4- 

3. 

b. 


•sST-SO 


6 
6 

>S 

10 

30 
zo 

no 

7 


Annii»l 
De|3rrcuit'l 


^i.SO 

j.Bj 
a.  33 
t.io 

0.3s 

0.30 
0.15 

o.SB 


$31-59 


Ptk  Ccirr  or  Total  DenectATioN. 


FluCKn. 

BMiCan. 

Avrng«. 

43-S 

IS. 3 

6-3 

36.0 

15.0 

5-J 

40. 

16.  C> 

S-: 

(18.  o 

4.0 

11. 1 

7-4 
8-5 

56.3 

3-3 

10.0 

8.7 
3.. 8 

62.3 

Il.O 

8.0 
iS-i 

100. 0 

^ ~~ 

ino.o 

100. 0 

Wllfc  tUl  ubi*  compare  Tibia  7j.  Th«  princijiat  (iiHTTiMiity  beiw»n  thif  two  it  IbU 
Ac  COM  atf  iibceb  U  miKh  ks.  and  of  braaa  much  more,  in  tha  [alin.  On  the  whole, 
ikKubfeaM  Ifotifquillr  tiuMwiinhy. 

Tbanikollbe  HiulcrCat-BuiUfn' Aoocialion  ik  that  A  per  crnt  pet  T»>r- or  jay  S3cs 
Ad  Iw  allowed  tor  dtprocUtloD  la  value  of  fawii^hi  care,  down  to  a  mininium  ol  «>  per 
C*M  o(  Ilwir  oriKitial  OM. 

t9l.  Train  Wares.— The  tendency,  as  already  suted  (par.  i$i).  h 
mofp  nnd  more  10  lix  all  train  wag«9  ilirccily  by  the  mile.  esijecUiIly  on 
the  Ur)!^  lines  made  up  of  several  divisions  and  with  licavy  ir.iiri<;. 
where  the  tatiti  niiniberof  trips  »  crew  cnn  run  per  month  is.  ic>  f-ict, 
proportwned  almost  exactly  to  the  length  of  the  run.    Some  iirbiimry 
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limit  is  fixed,  vatyiiig  (mm  1600  to  3S00  mile*,  ns  a  raonlli't  ww^- 
DividinK  thi*  \vj  llic  lengih  ol  c<ich  divJMnn  ^ivc*  the  nunibei  ol  trips 
to  comtitutc  »  monih'i  wnrk,  ihv  frnctinn  Ik'iiik  dittregurded  in  favor  u( 
the  cmployt-.  On  a  (livi»ion  too  miles  Iouk  16  trips  is  a  month's  work  : 
on  u  division  90  or  105  miles  long  sS.Sg  and  J4,?6  trips  would  be  exactly 
u  mduth's  work,  but  tlje  (r.iciion  would  be  dropped  in  lavor  of  the  em- 
ploy S,  and  iS  !iMi]   i\  trips,  respectively,  called  ;i  month's  work.* 

193.  Many  of  the  smaller  lines  still  pay  no  attention  to  the  exact 
n)ileai;e  run.  and  others  (including  probably  over  half  the  mileage  of  the 
United  States)  adopt  the  compromise  plun  already  described  (par.  IS4); 
but  under  any  circumstnttccs  it  will  be  seen  that  it  is  cxircnicly  unlikely 
that  slight  changes  of  length  of  a  few  hundred  (cct  will  aflcct  train 
w:i|jes  many  manner  or  under  any  eircumftiancea  whatever.  Thcclrcuiti' 
stances,  and  the  probable  standard  of  train  wage»,  must  be  considered 
in  ««ch  case,  and  in  the  summiir)-  betow  train  wagea  are  both  included 
and  excluded. 

193.  Station  akd  Gf.nf.ral  Expenses  and  Taxes.— Tai«s  are 
nominally  assumed  at  so  much  per  mile,  and  no  doubt  really  vary  with 
mileage  to  some  extent,  in  fact  as  well  as  in  form.  As  they  are  in  the 
long-run.  however,  based  on  value  and  not  on  cost,  it  ciin  hnrdly  be 
proper  to  consider  them  as  varying  with  distance  to  any  important  extent, 
and  unless  a  longer  line  between  two  given  points  increases  the  value  of 
llic  property,  they  should  not  increase  with  distance  at  all.  Station, 
terminal,  and  general  expenses  are  of  course  entirclv  unaffected  by  any 
small  changes  of  length,  unless  the  volume  of  business  or  number  of 
stations  and  side  tri^cks  is  also  Increased. 


1W.  Summing  up  the  efleci  of  distance  on  the  variutis  items 
of  operating  expenses,  as  in  Table  88,  we  obtain  as  a  final  result, 
ihat  fracltonal  changes  of  distance  increase  or  decrease  expenses 
by  only  35  to  40  per  cent  of  the  average  cost  of  operating  an 
equal  distance,  according  as  train  tvages  are  affected  or  un- 
affected, The  limit  of  pr»siblc  variation  or  error  in  thi.*,  as  in 
all  other  such  estimates,  is  no  doubt  a  considerable  percentage, 
but  this  is  unavoidable,  Exactitude  enough  to  make  us  certain 
of  having  avoided  grave  error  and  hopeful  of  having  avoided  aU 
error,  is  the  utmost  that  is  po&sible. 

*  Passenger  trainmen  often  make  much  more  than  this,  Irequenily  rannip 
6000  or  more  mllci  as  a  monib'*  work. 
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Table  80. 

EvriMATts   ArntoxiHATE    Ei-fect    on    Oi>rratii«:    Expenses   of    Mikok 
CtiAKucs  OF  DisrAKCU,  Measlrku  rv  Fket  or  Si-atio»3,  and  Not  vt 

(CoH  of  inUn-mlle  usumnl  aX  Si.Wl) 


InH. 


F<Kl 

WAicr 

Oil  am)  •ra»W' > 

En^rne  fcpur*. ■. 

SniKhing  engiiK*. < 

Train  w>cc* ........•■•■■••.••. 

Tfnin  nupplle*. . .................... 

Car  rtfwirt. ■.........■■•  — .. 

Car  milcaf^,  ....................... 

Rail  rcocoals 

Adiustintc  irack ,. 

Tw  rencirali , , ,,. 

Earthwork  and  ballut 

Ya(d>  and  mniciute* 

SttUon,  l«rinii>«l.  sencral,  And  taxes. 


Tbal. 


Total  CaU 

by 

Table  U- 

CU-  or  |i.  c. 


7-e 
0.4 

o.S 
S.6 

S-a 
14.9 

o-S 
to.o 

S,o 
9.0 

6.0 
3.0 
4-0 
S.o 

30.0 


IncrratinE  ■'"'I' 
DiBiaiicc, 


67  ptr  cent. 
unaRtcicd. 
50  per  cent. 
40 
unnfTrcied. 


35  per  eeni. 
100       " 

So 
50 
100        " 

TOO  " 

unuReclvd. 


04.8  per  <«nl. 


C«i  of 

One 
AddlliDIHl 
TnlU'Mlk. 


5> 


0.4 
3.1 


3S 

i.e 
1.6 
3.0 
3.0 
40 


S4.8 


ttaift  WRCM  vary  extcdf  with  distance. 


39-7 


tm  more  oMUlderablF  chaoEca  o(  dislanrt  we  Tabli*  89. 

la  IW  [inl  (ditioa  of  thli  tiealUc  the  cod  at  Email  iddiliaim  la  distance  was  alimaled 


Total  Cm  0I 
TfaiD-Mlle. 

PrcpbTiJoB  of  Same 

1  ncrcavtiif  with 

Dtitan«. 

Purl      

I«CII> 

JO 

u>      " 
UBAffcclrd  by  uiuill  ( 
all  bm  7>rdaind    f 
UiiilTFCled. 

X     ' 
14    *' 

«EI«. 

•<.M 

«ft  |ier  ci. 

4%  ctt. 

Tka  JMUmw  bMirWD  Ibii  and  th«  abov«  ntlmatc  ii  partly  owlne  lo  changn  in 
ntfling  andhiati*  and  FArtly  10  mote  aytnKi  atimaic  of  the  nnual  efleci  of  eIIgIii  ad- 
illliaw  of  diManO.  Al  Ihr  timr  Ihf  tan  (ditiuii  of  tliis  «>cirk  y.t>  published  an  «tiina<« 
'ku  tk>  MM  of  optralinc  additional  diilance  wai  only  about  ^a  pre  i«ni  of  Ih*  aTrtai^ 
mat  wa>  KaotOtUt^  of  a  novelty,  yet  It  rejilly  »u  in  □vc[.«ttimale. 
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COMfAKATIVE    VALUK   OF    CREAT    AND   SHALL   SSDUCTIOHS    OF 

DISTANCE. 

195.  When  the  saving  or  loss  of  distance  is  more  considerable 
tlian  we  have  been  considering,  or  at  some  point  varying  from  9 
to  lo  or  15  miles,  according  to  the  practice  and  conditions  uf  the 
road,  a  considerably  larger  proportion  o(  expenses  will  vary  with 
distance.  The  train  wages  und  number  of  track  sections  will 
almost  certainly  do  so.  The  cost  of  stopping  and  starting, 
maintenance  of  yards  and  sidings,  and  track  labor  generally  will 
aho  be  increased.  This  increase  will  be  in  detail  about  as  com- 
puted in  Table  89. 


Table  69. 

EiTiMATED  ArpROXiMATX  BrpscT  OF  Gkkat  ami  Small  DimitKNciu  or 

Distance. 

The  «m«l!cr  pwcenuge  is  m  In  Table  s'.  't  unnll  dlflei™«»o(  diiUni:r.  and  the 
Ubte  tivTi  the  F3tiin.-vl«l  iniiuMcl  cUmiI  mi  ejicli  item  <■(  .1  <(?^iixt  dlRennie  of  diddnce. 
[Coitol  ttaia-milc  uaumMl  at  $i.oil>) 


Fuel 

Waler 

Oil  and  w»»ie 

Etiftioe  Tcpair*. 

Swittbing-engioe*.... 

Trnin  waites 

Tiain  Ruppllo. 

C*i  rcpairii 

Cat  milrasc .•.>•••.■ 

Rail  tEOCwal* 

Adjuitiiig  [rack 

Tie  reneirals. 

Earihnotk  and  ballajt 

Yard*  and  Mruclutcs 

Sution.    tcnninal.     genera), 
and  taxes 


Total..... ItX>,o 


Tni»l  Cn« 
b)rT>M«tai 

Cl>.  or  p.  c. 


7-6 
0.4 

fl.a 

S.6 
5. a 

14.9 
0.5 

■0.0 
3.0 
3.0 
6.0 
3.0 
4.0 
8.0 

jo.o 


TntmAC  (or  Grtucr 

nin«rpn4;««o(  I^ttianctof 

Per  Cmii  varying  with 

Diiuncc— 


(ram 


67  p. 

o 

SO 

V»  ■ 

o  ' 

O  ' 

o  ' 

3S  ' 

100  ' 

Bo  ' 

SO  ' 

100  ' 

100  ' 

o  ' 


c.  to 


8s  p.  e 

SO  '• 

JO  " 

S7  " 

o  " 

100  " 

40  •• 

JO  '■ 

100  ■' 

100  " 

100  ■' 

too  " 

100  " 

SO  " 


Iroia  34-8  p-c  to  JI.4  p.  c. 


It  train  wages  ore  not  aflecied,  we  bare. 


Tata!  Am'nc 
P«r  Train- 
Mile 
(or  Givtier 

DilTerenc#4 
of  l)»un«. 

6S~ 
0.3 
0.4 
J.J 

14  .q 

o.a 
so 
3.0 
a.o 
6.0 

JO 
4  O 
4-0 
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tM.  From  tfae  aggf<rei>tc^  ^t  the  foot  of  Tables  88  and  89, 
wc  rind  tliut  the  totiil  cost  per  train-mile  for  great  and  small 
duuges  of  length  compare  about  its  follows  : 


(M<»urctl  III  Hiln.) 


COST  I'KR  TRAIN-MILK. 
iMMiurnl  In  Fttt.) 

U  (tain  wages  are  nITected.  .    39.7  cts.  ur  p«r  cent.  ji.4cts.  or  percent 
II  mill  wofces  aie  not  aflected,  i^-i  cts.  or  per  cent.   36.5  ciS.  or  per  cent. 

Multiply  these  sums  by  365  X  a.  and  dividing  the  product  b*" 
5180  in  the  first  column  only,  we  obtain  the  following  : 

V£AJlLr  COST  PBK  DAILY  TRAIN  (ROUND  TRrP)  OF  OREAT  AND  SMALL 
CHANGES  OP  LBKCTH. 


Pec  Foul.        Ftr  Uiit. 

Gff*!'*  CAanrfi, 

Vti  Mile. 

Train  wages  affected,    .    . 

.    5.49  Cts.        $290 

l37S 

Train  wages  oot  aHecied.  . 

■     3-43C'*-        t'8i 

166.50 

These  sums,  divided  )>y  the  assumed  or  actual  rate  per  cent 
trhkh  must  be  paid  for  citpititt,  .05,  .06,  .oS,  .10,  etc.,  will  give  the 
jiiilijiai/t  expenditure  to  save  one  foot  or  one  mile  of  distance,  as 
respects  its  effect  on  expenses  only.     Thus  at  10  per  cent  cost  of 

ca|>iia)  wc  may  spend  — -  =  $3750  per  mile  to  save  considerable 

additions  to  distance. 

Th'-'se  exact  figures  are  of  course  hypothetical,  to  illustrate 
Ibe  general  law,  and  need  to  be  made  up  anew  for  any  particular 
case— at  least  to  the  cxienl  of  correcting  the  assumed  cost  per 
lniin<milc,  which  averages  80  to  90  cts,  rather  than  $1.00. 

197.    Fox    VF.RV     LARGE    AMD    COKSIDRRARLR     DIFFERF.NCES     OP 

DIXTANCK,  amniinling  to  30  to  30  miles  in  100,  the  value  of  sav* 
ing  distance  may  property  be  still  further  incrt-ased,  even  up  to 
the  figures  at  which  all  saving  of  distance  without  distinction  is 
sometimes  csiima:ed.  The  conditions  arc  then  very  greatly 
modified.  The  number  of  yearly  trips  of  rolling-stock  is  then 
Affected,  and  their  number  must  be  correspondingly  increased  or 
diminished,  whereas  smaller  changes  have  no  such  c&cct.  Gen- 
U 
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eral  expenses  even  will  then  be  percepiiWy  iilTected,  and  almost 
every  item  oi  expenditure  except  the  cost  of  making  up  trains 
and  getting  up  steam  will  be  very  largely  increased  by  the  extra 
distance.  The  total  cost  of  all  train  and  maintenance  of  way 
expenses  amounts  in  our  assumed  average  (Table  80)  lo  70  cents 
or  per  cent ;  but  as  alt  experience  seems  to  indicate  that  even 
direct  train  expenses  cannot  be  reduced  in  practice,  and  will  not 
increase  in  direct  ratio  to  distance,  even  if  the  difference  of  dis< 
tiince  were  as  much  as  50  per  cent  (although  it  may  appear  that 
they  should  in  theory),  it  is  probable  that  80  or  90  per  cent  of 
the  above-mentioned  total  of  way  and  train  expenses,  or  say 
56  cents  per  train-mile,  is  the  maximum  effect  of  the  most  con- 
siderable changes  of  distance.  Or  to  put  the  whole  thing  into 
even  figures :  the  average  cost  of  a  train-mite  being  taken  for 
even  figures  at  $1.00  (it  is  now  usually  less) — 

The  minimum  effect  of  cxtm  distnnce,  measured 

in  feel,  i*  per  train-mile 35  per  cent  or  I- 

The  mininiiim  elfrct  of  distance,  measured    in 

miles,  mil  aSe<:iing  train  wages,  is    ...    .  36.5  "      "    or  | 

The  maximum  eRcci  of  the  most  considerable 

change  of  distance  is j6  to  63  "      "    or  t 

196.  Between  the  extremes  above  given,  the  trwc  valuation 
may  be  almost  anywhere  under  different  circumstances.  There 
are  even  certain  conceivable  cases,  which  have  sometimes 
occurred  in  practice,  where  the  assumed  maximum  is  not  ade- 
quate, us  for  instance,  in  comparing  two  routes  for  a  transconti- 
nental line  differing  by  100  to  3oo  miles.  The  number  of  operat- 
ing divisions  will  then  vary,  and  with  it  a  very  large  proportion 
of  the  general  and  station  expenses,  so  that  the  extra  distance 
may  cost  (or  may  not)  90  or  even  100  per  cent  of  the  average 
cost;  but  such  extreme  cases  are  too  exceptional  for  discussion. 

IW.  The  clTect  per  year  upon  operating  expenses  of  any  glveti 
distance  having  been  thus  determined,  the  capital  sum  for  which 
this  yearly  cost  represents  the  interest  will  plainly  be  the  sum 
which  (neglecting  all  effect  on  revenue)  we  arc  ju'stificd  in  ex- 
pending to  cut  out  chat  distance.    Thus,  if  distance  be  found,  as 


i* 


Above,  to  cost  3:4}  cents  per  daily  train  per  fool,  (luring  one 
JCAT,  a  road  running  to  trains  per  day  tuich  way,  and  paying  8 
per  cent  for  capital,  can  aflord  to  spend,  to  save  one  foot  of  dis- 
tance^ $4. 19  /Wjthe  value  of  the  counterbalancing  considerations 
which  we  have  yet  to  consider.  To  this  we  may  add,  if  we  please, 
$1.00  per  foot,  more  or  less  as  the.  case  may  be.  as  the  cost  of 
superstructure,  right  of  way,  and  fencing;  or  we  may  include 
that  sum  with  the  other  items  of  construrtion.  This  value  hiiv> 
ing  been  determined,  the  dilference  in  cost  of  construction  to 
sub-grade  then  enters  in,  to  determine  whether  or  not  the  given 
improvement  will  cost  more  than  it  is  worth. 

ZOO,  Erron  luv«  btta  committed.  [ciultinR  in  a  k'oi  cxacKcrstion  o(  (li« 
Uluc  ol  uilng  diMBncc.  by  Assuming  thai  the  whole  avccaBC  co*t  9t  con. 
■inicimE  •  mit'  o(  '">«  complete  i»  to  be  oddtd  10  the  opcraiitig  *dvaiiUK«  ol 
uving  a  mile  a(  line  la  determinD  lit  tol«l  vuluc.  But  the  vi!uc  of  distaiice, 
Uke  Ute  value  o(  everflhing  else,  h  independent  o(  it*  co*t.  Whether  the  pei. 
■MDcnt  vMk*  bcaeilh  the  track  be  coilljr  or  cheap,  the  value  of  cutting  out 
■hot  port  ol  the  length  of  the  road  will  be  th«  same  for  the  (nme  toul  iviih  the 
MOM  uaMc.  We  therefore  Jirtt  csiimiie  ihc  value  of  the  savinii.  *nd  iticn 
cniRUtc  both  alicrnalc  lino*  to  tee  whether  or  not  the  value  exceed!  the  con. 

All  the  preceding  has  been  on,  the  supposition  that  distance, 
like  other  advantages  of  alignment,  is  a  pare  source  of  expense 
and  has  no  effect  upon  receipts — an  entlrely'false  supposition. 
We  proceed  now  to  consider  the  other  side  of  the  question. 


THB  lrFT.CT  or  DISTAUCE  OK   RECEIPTS. 

301.  All  railway  traffic  is  in  common  parlance  roughly  divided 
Into  "through"  and  "local."  but  what  is  through  and  what  is 
local  is  a  matter  of  varying  definition.  The  literal  interpretation 
of  the  word  "  through"  freight  would  be  freight  passing  over 
the  entire  distance  between  termini,  whether  exchanged  with 
other  lines  or  not,  and  this  definition  is  often  followed  in  classi- 
fying. Another  basisfor. subdividing  traffic  inio  through  and 
local  is  that  adopted  in  the  Massachusetts  Railroad  Reports ; 
viz.,  lo  call  all  traffic  '*  local  "  which  is  co,nfined  to  the  home  rtvad, 
and  simply  passes  from  une  station  of  the  road  to  another, 
whether  those  swtions  arc  the  termini  or  not ;  and  all  traffic 
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**  through" Vhich  is  (under  ihis  delinilion)  not  local,  bui  passes 
over  pans  M  two  or  more  lines,  altliuugh  ihe  total  haul  msy  be 
onty  a  fen  miles  between  small  noD-cumpctitivcstaiions  ;  where- 
as "  local  "  ir^Ric  may  be  hauled  the  entire  length  of  the  road  at 
compeiiiive  rates,  and  be  for  all  practical  purposes  what  \t  ordi- 
■arity  understood  as  "  throijgh"  business. 

302.  Neither  basis  of  division,  therefore,  is  a  parlicuUrljr 
bappy  one  for  accomplishing  tlic  end  sought,  and  cIig  rea&on 
why  neither  can  be  is  easy  to  sec.  The  difficulty  is  that  eat-h  of 
Ihem  is  an  aiiempl  to  include  under  only  two  classilicalinns^tv 
distinct  classes  of  traffic,  each  one  governed  by  different  laws  as 
respects  rates  and  other  business  considerations.  These  classes 
•re ; 

Non-competitive  local. 

Non-compclivc  exchange. 

Competitive  local. 

Competitive  exchange. 
_     (5.  Partially  competitive  (i.e..  competitive  only  with  the 
(  disadvantage  of  a  local  liaul  in  addition). 

More  in  detail,  the  nature  of  these  sub -classifications  are  as 

follows : 

1.  Letal  or  home  troffe  proper,  having  no 

choice  of  route  and  confined  to 
one  line. 

2.  Exthange  traffic,  or  (by  Massachusetts 
classification)  "  through"  traffic, 
having  no  choice  of  route,  but 
passing  from  one  line  to  another. 

3.  Local  or  hontf  traffic,  conlined  to  one 
line,  but  having  .-i  choice  of  an« 
other  route  (a  class  >f  traffic  onc« 
small,  but  rapidly  increasing  with 
the  multiplication  of  railways). 

4.  Exihange  or  "Ihraugi"  trafie  ^-t^r. 
passing  between  the  more  imoo*- 
tant  railway  centres,  and  with  u 
choice  of  two  or  more  routes. 


A.    NoS-CoMPr.TITIVE. 

fThe-*!!*!*©!  it  titinit  vhai 
>  Aidlnirily  referred  to 
by  th<  term  ■  ■  local "  if al- 
fic) 


B.  Competitive. 

fTbe  wholeotii  beinR  whil 

b  ordinnriiy  referred  10 
by  the  teim  "  tbrough 
traflc") 
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C  Pabtiallv 

Competitive. 


Traffie  (usually  excluipge  or 
"tlii-ougti")  bdHMtm  nttn-eom/viHivt 
loiat  ^inlt  ami  imforliint  raiiwaj 
ttHiift  tiiivitig  «  choice  of  route 
only  »t  disadvantage,  by  paying 
a  local  rale  in  addition  to  ilie 
"through."  This  class  dees  not 
exist,  practically,  for  passenger 
service. 


I 


303.  Out  of  all  these  five  classes  there  Is  only  one — viz., 
CUss  B,  3;  irafliic  confined  to  the  home  road  und  therefore 
purely  local,  but  having  a  choice  o(  route  by  some  other  line 
tnd  therefore  competitive — on  wliicti  a  longer  haul  has  no  effect 
whatever  to  increau:  receipts,  but  is  a  pure  disadvantage.  This 
d«u  is  also,  on  most  roads,  the  smallest  class  of  all,  and  on  very 
nuDy  it  is  entirely  non-existent.  On  others,  however,  as  for  in- 
nance  on  a  new  line  between  New  York  and  Philadelphia,  \\ 
iroutd  be  the  bulk  of  the  irafilic.  It  is  rapidly  increasing  in  im> 
portance,  moreover,  from  the  prevalent  tendency  to  consolidate 
lines  into  great  systems,  and  even  when  this  consolidation  is  not 
forma)  and  complete,  there  is  often  such  community  of  interest 
from  common  ownership  as  to  amount  to  very  nearly  the  same 
thing. 

Receipts  from  all  the  other  classes  are  affected  materially  by 
ibe  distance;  but  in  different  ways,  which  we  proceed  to  con- 
sider : 

304.  A.  NoN-coMPETiTivK  (Ctass  I  and  3),  Traffic  between 
DOD-compeiiiive  way  points,  whether  these  points  are  on  the 
same  ordiScreni  roads. 

There  is  no  real  need  for  making  a  distinction  between  these 
two  cUisses  in  respect  to  rates,  the  "ilirough"  being  made 
simply  by  the  addition  of  the  two  local  rates,  and  divided  in  tiie 
same  proportion. 

This  class  of  traffic,  which  is  what  is  popularly  meant  by 
way"  traffic,  is  an  immense  factor  in  the  freight  revenue  of  any 
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railway,  varying  ordiiiiirily  from  50  to  75  per  cent  of  it;  and 
rarely  frilling  IwUnv  50  per  cent,  except  on  lines  of  heavy  through 
traffic  lunnini;  lliroiigli  spui^cly  settled  districts.  The  old 
Canada  Suutlicm  (now  Michigan  Central)  is  a  peculiar  and  very 
exceptional  example  oC  a  line  of  the  latter  character,  its  local 
lon-miIe:ige  having  averaged,  before  its  consolidation,  below  8 
per  cent  n(  tlie  loial.  Even  in  this  extreme  case,  however,  its 
revenue  from  local  freight  appears  to  have  been  from  35  to  jo 
per  cent  of  the  toial.  The  Cleveland,  Columbus,  Cincinnati  & 
Indianapolis  Railwny,  wliicli  carries  perhaps  as  small  a  propor- 
tion of  tion-compctitivc  freight  as  any  other  line  for  which  precise 
statistics  arc  available,  and  which  U  cenainly  exceeded  in  that 
,  respect  hy  very  few.  derives,  as  an  average  of  9  years  (iSjj-Si), 
36  per  cent  of  \\%  (onnap;c,  23  per  cent  of  ill  ton-tntleuge,  and 
about  38  per  cent  of  its  freight  receipts  from  "  local  freight," 
which  in  this  case  includes,  practically,  non-competitivc  of  all 
cln>!>es.  In  its  passenger  traffic  this  line  enjciys  an  even  hirger 
proportion  of  ntin-compeiitivc  iraRic,  being  at  much  less  disad- 
vantage in  that  respect,  and  in  fact  representing  as  nearly  as 
may  be  the  average  condition  of  the  whole  American  railway 
system.  This  is  ihe  more  fortunate  as  it  is  one  of  the  very  few 
lines  wlilch  give  statistics  of  the  passenger  or  any  other  trufHc 
in  such  form  that  it  can  be  accurately  separated  into  at  least  lour 
of  the  five  classes  of  trafRc  which  actually  exist,  as  above  sp.'ci- 
(iid.  The  following  Table  90  gives  the  percentage  of  each  of 
v*;ese  classes  (omitting  fractions  and  distributing  a  irif!'Qg  stini 
for  miscellaneous  receipts)  for  the  average  for  the  9  years  1873- 
1881,  The  tabic  may  be  accepted  as  giving,  in  a  rough  way. 
about  the  general  average  of  the  whole  American  railway  system 
for  passenger  service, 

200.  Table  91  gives  some  corresponding  details  for  the 
freight  traffic  of  the  same  road,  which  can  hardly  he  accepted  as 
so  representative,  and  in  Table  91  (asalso  in  various  other  tables  ; 
—sec  Inrlex)  are  given  data  as  to  average  train  loads.  The 
variations  in  such  matters  arc  limited  only  by  the  number  of 
roads,  and  are  often  very  great. 
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Ther«  li  a  ceruin  portion  of  even  non-com petitlve  traffic, 
it  must  always  b«  remembered,  on  which  iatc%  are  governed 
Milely  by  wh«i  it  will  bear,  without  any  reference  Co  (ii»tiince, 
And  on  many  road:;.,  u  wry  large  proportion,  as  where  there  is 
much  suburban  trnfiic ;  yet  in  the  matn  the  rates  are  nDminally 
fixed  by  the  mite  on  all  iliis  traffic,  and  on  a  certain  large  pro- 
portion they  arc  by  law  or  fixed  custom  actually  so  tijccd. 

Before  considering  what  weight  should  be  ffivcn  to  tliesc 
facts  in  estimating  the  value  of  distance  (for  which  sec  par.  237} 
ire  will  consiitcr  the  conditions  which  exist  with  the  three  re< 
maininR  classes  of  traffic. 

SO*.  Competitive  trai"kic,  whethtr  eanfintd  looHetiae  or  net; 
(classes  3,  4,  and  5,  above).  The  total  through  rates  on  all  com- 
petitive traffic  aiv,  in  nearly  all  cases,  arbitrarily  fixed,  with 
little  regjird  to  the  mileage.  For  this  reason  it  may  appear,  and 
DUiy  be  100  rciidtly  taken  lor  granted  by  engineers  noi  familiar 


Tadlk  «0, 

CowTARATivR  Macxitcuc  or  tkk  Ski-ahatk  Classks  of  Tnnoucit  and 
Local  CoummiTB  ajio  Nok-Compktitivk  Pamkngkr  Tra«ic  oji  tmk 
CixTKLAKDk  CokrMSt-s.  Cincinnati  &  IstiTANAroi.ii^  Kaii.wav. 

Artra^  <il  9  )«Ais,  iS7j-iSt!i. 

n^M  Utit*  mwf  be  acnpud.  >□  ■  ndc  way,  u  not  r*r  (niiD  Ihc  EcnEr4l  *ven|c  <■'  l>>e  wliolc 
AmttlCiU  Rallwait  Syuera.! 


CuL«  •»  TB«mc  ju  SuioivtBita  on  tiwa  ai«. 


p»f  Ceni  o(  PcfCini 

No.  a!  Pn*    if  Pm*, 


A.  XM-C«npttiU*«.. 


B-  CsapctillTC. 


I.  Local  tisnw  rood 

•.  Local  or  eKhtngf  twivMn 
l«eal  polnti  la  dtllfrcnl 
IMda  

\.  Loot  iraAlc  b«i**ca  com- 
pMillT*  Hrmial  lonlir  var> 
ibllxin  UiituH) 

«.  CoDprUtlM  ihrench .... 
C.  Ptftiallir  CoapctlUtt.    (K«a«xi)Knl  ia  pu>.  Mrrict.) 


M 


'4 


\v 


n*p.  c. 


4a 


ia»p.  C. 


Per  Cent 

Cnniribuicd 
10  Rtvenut, 


<> 


«i 


(sap.  C. 
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Table  91. 

F:.rcTiiATioi<(  axd  DmRiHunoK  av  TtiK  DimAUrr  Classxs  or  FmiOHr 
Traffic;  Clsviu.akd.  C(ii.L->ini.<«.  Cikcixhati  &  I N-iiiANAPOLiii  Railway. 


L»t»l  frtigki. 


BMi^BoiBtn. 

WnT'BovKD. 

TeiAi. 

Vua. 

TaiH. 
1  = 

Ton- 

r  = 

K(*.    ' 

It  .BOP. 

Toni. 
1  i= 

Ton. 
1  1= 

Re*. 
ti>oaa. 

T«e>, 

Toa- 
Hllcft 

Be*. 

1873... 
1875... 
■8S0... 
1885... 

419 

401 

564 

4SI 

43.3 
74.6 

433 

908.9 

686.7 
749- S 
469. T 

3M 

3S3 
311 
3SS 

>o.8 
»7-7 
33.6 
4..0 

434.8 
465.0 

406.3 

63Q 
654 

IS 

JO.S 

71.0 

■08.9 

84.3 

■H4. 
115a. 

1901. 

8T6. 

Ttrti^t  Frrigkl. 

1873... 

870 

166.  s 

1895. 

l8r 

37- « 

M.s! 

lojn 

aos-s 

as*". 

1875... 

747 

MS-S 

1093. 

S 

4^.8 

403. 8 

957 

193.3 

>49S- 

iSSd... 

llgq 

333.0 

1S39- 

80.3 

588.0 

1567 

311.3 

3H7. 

iSSs... 

1140 

336.9 

«T- 

569 

117.4 

S98.6| 

1708 

344-4 

1596. 

The  ahcTve  indioUa  (he  nalun  ind  nunt  ol  ih«  fluduaitonl  which  have  otcumd 
durine  thr  Ihlrmii  jrnn  Mvtnnl  by  tlin  liblc,  Tliv  lulluwiiie  m  AVK-RABts  FOR  TliB 
•nx  rcAKS  1876-inj: 


Pskcbntaoesof  Total  Ton*  Cakriko. 

PencBXTAOBs  or  Total  Tom-Uils*. 

ThreuRt). 

Laol. 

Toml. 

Throuili. 

Local. 

Toul. 

Fast. bound . .  • 
West  bound-  .. 

;?:; 

>9-9 
14.0 

6S.3 
3I.J 

E>»utH>uf>d . .  . 
WeBl-bound... 

Tolal 

56.5 

>t.8 

9.3 

69.0 
31.0 

Total 

66.1 

33.9 

100.0 

78.3 

11.7 

100.0 

PncsiTTAOu  OF  Total  Rbve^iub. 

AvcitMB  Rejcbifts  Per  To!i~Uilb. 

Thraugh. 

Local. 

Towl. 

ThrMKh. 

Laail. 

TotiL 

EMI-bound..  . 
Weii'bound. ., 

44.5 
W.o 

30.3 
15.3 

64.8 
35.3 

Eam- bound. 
Wcti -bound 

ToibI.... 

,556  CL 
.656  ■• 

(.161  CIS 

i.Jlo  ■■ 

,674  ei. 
B18  *■ 

T«aI 

64.5 

3S.5 

:oo.o 

.591  CL  li.tB3Cta. 

.7I9«. 
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Attucx  TaAlN-LoA&  or  Fheight  and  Pamkncciis  in  tkk  Ukiteo  StArES, 

GXOUM  av   STAYEt,    AND  UN   TKUSK    LlKKS. 
lCoiTip(>l«l  from  the  C«n>u4  StAii«L«  of  rUo  ] 


I,  N«w  Eiigiund 

IL  Utddlr.  wiih  Md..  Mkh..  Ind 

rtl  SsMltrra 

IV,  111.,  la..  WiK..  Mo..  Minn 

V  U..  Art..  lml.,T 

VI.  Te«..  Kan  ,  DAh-,  nad  Fu  W 

Toul  l^niiMl  S(*ui 

TRt'SK  Lines. 

Botloa  A  AltMny 

St«  Yofk  Central ,. 

S'.  v..  L.  En<  A  W 

Pennsjlvanii . ... 

BUtnnorc  &  Ohio 

N,  v..  P.O.K.  *0 

U.  v..  H.  H>v«ift  HmU 


PaH(I>&KII  TllAPf  ic. 


Av.  Tnlii' 

LOMl. 

No. 


55' 3 
44. a 
11.3 
5T.I 
.6.3 
46.0 


41 -S 


7a- 
6i. 

V 

4"- 
90. 


Av.  IIAUI. 


16.8 
17-4 
44" 
4?. 9 
30  8 
44-3 


31, 


PlIIUHT  TkATVIC. 


A»-Triitn 
Laid. 

lam. 


90.6 
ii>3 

55-7 
123.5 

bi. 

95. S 


rJ9. 


tio. 

9tS. 
Ml. 

I'- 
i8s-5 

t:j. 

"3- 


At.  H*uI- 
Milo. 


55-7 

106-1 
103.7 
<5J.) 
34-6 
1(6.9 


III. 


with  operating  priicticcs,  thul,  for  this  cl.iss  of  traffic  at  least,  any 
additional  distance  must  be  a  pure  disadvantage,  increasing  ex- 
pense, but  not  affecting  revenue.  And  tiiis  is  literally  true  with 
respect  to  sucli  competitive  traffic  as  begins  and  ends  on  one 
line,  or  on  one  system  of  lines  with  interests  wholly  in  common, 
Bnt,  in  spite  of  the  present  tendency  to  ctmsolidation,  a  very 
large  proportion  of  --(uch  triiflic  on  all  lines,  and  practically  the 
whole  of  it  on  the  smaller  lines,  is  tlirough  freight  proper,  which 
passes  over  parts  of  several  lines.  On  all  such  traffic  the  total 
rate  from  shipping  point  to  destination  is  indeed  arbitrarily 
fixed,  without  regard  to  mileage,  and  often  in  fact  in  inverse 
ratio  to  it;  but  of  the  division  of  this  total  rale  between  the  par- 
ticipating contpanies,  which  is  what  practically  concerns  us,  this 
it  by  no  means  the  case. 
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207.  The  division  in  all  sucK  cases  is  by  a  perccnta^  which  is 
regulated  strictly  in  aaordance  with  the  relative  distance  hauled, 
although  not  necessarily  in  direct  ratio  to  that  distance;  for 
there  are  frequently  "  Arbiiraries"  of  various  kinds,  and  grunted 
for  various  reasons,  as  for  terminal  expenseit,  to  he  rirst  deducted 
before  the  final  division  or  ]>erceiiiage  is  distributed  according 
to  mileiige. 

2oe.  So,  too,  it  is  rol  uncommon  for  some  line  lo  have  some 
strategic  advantage  of  another,  so  that  it  can  exact  from  It  cer- 
tain special  concessions,  in  excess  of  its  exact  mileage  propor- 
tion, such  as  allowances  for  "  constructive  mileage."  etc.,  etc. 

The  Erie  Rallnjr  foimcrly  had  a  K'tai  *iral<-s<c  ailvantaKC  »( thi*  Itiod  ov«T 
(he  old  Allanlie  &.  Great  Wnlern  Railway  (New  York.  Ptnntylvania  &  OhioX 
the  nature  and  cHki  of  which  wc  *hall  ihocily  see  (par.  zi6). 

209.  Again,  when  shipments  are  for  extremely  long  dis- 
tances they  are  quite  frequently  subject  not  lu  one,  but  to  the 
sum  of  two  competitive  rates,  and  the  total  is  divided  accord- 
ingly. Ail  freight  passing  through  Chicago  is  a  remarkable 
example  of  this.  It  is  not  common  to  make  rates  past  Chicago 
to  points  on  eiilicr  side  otherwise  iliun  by  adding  the  two 
Chicago  rates  (which  latter  is  very  common),  except  when,  as  tt» 
'•Missouri  River  points,"  special  circumstances  make  it  abso- 
lutely unavoidable.  The  tendency  to  make  Chicago  a  icrminal 
point  for  competition  and  start  afresh  from  there,  is  strong. 

There  are  tame  apparrni  paiilal  exrrpilonx  lo  thi*  lule.  bui  lh«y  are  hardly 
real  ones.  TIius  fn  iSSb.  after  considerable  controversy  and  irreRruIarltjr, 
raid  from  New  York  la  "  Mii*i>iippi  Rivet  points."  including  a  large  number 
t)X  point*  noriK  o(  Sl  Lnult,  were  by  agreemeni  adjuiieil  at  iTie  lixcil  rate  of  1 16 
(or  100  lo  Chicago.  Thi*  was  then  divided  between  the  line*  pkM  and  neat 
of  Chicago  (ihete  being  half  a  doien  or  more  line*  intereiird  on  each  sideX  by 
auuffllnic  the  dlitance  for  all  lines  to  t>e  3:o  mllei  iiut  of  Chicngo  and  97a 
tnile*  east,  these  brinit  about  the  avrr«K«  of  ihe  acluiil  diMance*.  which  of 
course  varied  with  each  road.  The  loial  race  wai  then  divided  in  exact  propor- 
tion (at  nearly  as  might  be)  to  these  distances,  vli..  iSi  per  cent  west  and  Si} 
per  cent  east  ol  Chicago.  I%x.tclly  ihe«e  divisions  would  have  txrn  iS,4S7  and 
ti.Si].  >o  that  the  rate  on  0.15  mil*  of  haul  well  o(  Chicajto  was  Riven  away  to 
■lie  lines  east  to  obtatu  a  round-oumbered  perceala|;e. 
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In  ihU  exccplioiul  insunc«  the  Kmrral  rule  ihal  Ihrough  com|iellliirc  ralM 
art  irjtiu>!IcM  uf  itiBlanc*  ti  cxicnded  likcwiit  to  a  fitiX  division  of  ihos«  ralM 
MM  IKOpMU.  What  (be  >rrangeinen[  redlly  means,  however,  is  thkt,  dlihouf-h 
jtomfliaa  acgregaie  r<ie  to  ihe  MtMisaippi  River  poini*  tias  desirable  in  the 
lawrrti  nf  peae*  »nd  goo'l'*'''!'  yet  (he  dixance  vas  so  KTtm  and  the  <onlllcl- 
■(  inieiests  so  mulljfarkiui  that  it  was  mure  <onvcnienl  10  regard  ihis  laie  at 
■mIc  up  of  \wa  (cpaiale  and  diflloCl  llirough  rate*,  than  10  regard  it  M  >  Bingle 
lkoM(b  rale  to  be  divided  in  the  uidhI  manner. 

Compacts  of  this  kind  may  Incieuc,  but  at  pretcni  ihey  are  100  exceptional 
la  merit  more  than  paitlne  notice. 

A)  one  example  of  "  tKbiirary"  allowances,  x  larso  pan  of  Ihe  butines*  from 
and  to  lucal  poinit  neai  l^nje  citi<r*  rrallv  comes  under  the  head  of  through 
irU&r ;  the  Uiroush  rales  Irom  the  West  to  polnu  within  a  hundicil  milei  more 
tr  ku.  of  New  York,  lor  iniiance,  being  utuitlly  made  the  same  as  la  Nenr 
Ywh,  and  divided  aa  if  Iho  (icighl  or  paKKCnKen  were  actually  tabco  to  and 
4ilirr(ed  I  here. 

In  Mich  cue  the  divUlon  b  not  exactly  a*  the  mileatr.  but  it  is  the  same  in 
in  tflecl  upon  tbe  receipt*  of  (he  connecting  lines  as  it  it  were. 

tlO.  Certain  con»i(ler»bte  allowances  (or  iern)inal  chiirgcs  at 
points  where  such  charges  nrc  hcjivy  are  very  commnnly  and 
rcry  jusily  deducted  from  the  through  riite  before  the  latter  15 
distributed,  as  notably  at  New  Voric,  where  the  terminal  allow- 
ances are  very  heavy  (4  to  5  cents  per  100  lbs.),  althoui^h  hardly 
enough  to  cover  the  direct  and  indirect  expense  to  the  tetmitial 
road. 

In  fact  the  variations  and  exceptions  in  llic  fixing  and  division 
of  rates  are  endless,  but  through  them  »n  Ihe  grnerul  law  holds 
]i:ood  that  all  "through"  rates  between  connecting  lines  are 
divided  precisely  ateording  to  the  actual  milcBge.  and  to  a  very 
large  extent  directly  as  the  mileage. 

211,  These  facts  result  in  a  curious  and  apparently  contradic- 
tor)' law,  as  respects  the  ihrnugh  traffic  of  a  new  or  old  road, 
which  it  rasy  be  highly  important  that  the  engineer  should 
understand.     That  law  may  he  thus  expressed  : 

I.  It  is  EXTttEJlELY  DKSIRAIIte  THAT  ANY  NEW  LINE  EUOltl.D 
FORM  A  PART  OF  THE  SHORTEST  ROUTES  BETWEEN  IMPORTANT 
CENTRES  or  TRAFFIC. 

>.  It  is  not  desirable,  and  oftek  the  reverse  of  desirable. 
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THAT  IT  9H0UUU  MAKE  ANY  EFFORT  TO  BRIKC  ABOUT  THIS  RESULT,  ^ 
SXCKPT  IN  SF.LKCTING  ITS  COKNECTIONS. 

The  rciison  for  c;icli  h»U  of  tins  law  is  nol  <iillicull  to  see. 

3)3.  As  respects  the  first  p:irt  of  it : 

The  through  rale  being  aliogcilicr  independent  of  di^tnnce, 
the  receipts  per  ton-mile  or  per  passenger- mile  on  compctiiive 
traffic  will  be  ihe  greater  the  shorter  the  Hue  is — a  considcraiion 
plainly  of  immense  importance. 

We  may  see  a  striking  proof  of  this  by  comparing  the  New 
York  Central,  Erie,  and  Pennsylvania  lines.  The  operating  ex- 
penses of  the  Central  and  Eric,  as  shown  in  Twble»  37  and  76, 
average  continually  a  much  lieavicr  percentage  of  ilieir  receipts 
than  on  the  Pennsylvania,  yet  ihcy  are  operated  ivith  substantially 
equal  efficiency — at  least  there  is  far  less  diRcrcnee  than  super- 
ficial observers  often  conclude  from  this  very  fact.  The  true 
cause  of  it  (with  which  other  causes  may  co-operate,  but  only  to  u. 
minor  extent)  is  simply  this  :  that  the  Pennsylvania  has  the  short- 
est line  from  almost  every  point  in  the  West  to  New  York  and 
Philadelphia,  and  hence  its  receipts  per  mile — from  the  same 
through  rates — are  unavoidably  materially  larger  than  the  Cen- 
tral's or  Erie's,  This  fact,  however,  does  nol  show  so  much  as 
it  otherwise  would  in  the  average  receipts  per  ton-mile  of  these 
roads,  as  published,  simply  because  the  Central  and  in  less 
degree  the  Erie  have  an  immense  local  business,  which  both  pays 
more  and  costs  more,  thus  bringing  up  the  average  receipts  ;  but 
the  through  business  proper  leaves,  and  must  continue  to  leave, 
a  very  small  margin  per  mile  to  both  tines  compared  with  what 
the  Pennsylvania  obtains.  No  ingenuity  or  skill  will  ever  be 
able  to  materially  decrease  the  large  percentage  of  advantage 
for  through  business  which  its  geographical  position  gives  to  the 
latter  road ;  because  the  total  through  rate  will  always  be  the 
same  by  all  competing  lines,  and  the  long  lines  must  conse- 
quently forever  sutler  in  receipts  per  mile,  unless  causes  not 
now  possible  to  foresee  shall  change  the  conditions, 

213.  But  notwithstanding  this  fact,  we  have  in  these  same 
roads  a  striking  illustration  of  the  truth  of  the  second  half  of 
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«K  contradictory  law.  Neither  the  New  York  Central  nor  llie 
Erw  have  any  inierciit  whatever  in  sliortcning  their  own  lines  (if 
«c  consider  the  interests  of  both  as  terminating  at  BiifTaki), 
noittithstanding  tliat  they  suffer  so  much  from  the  fact  that 
iky  are  links  in  a  long  route.  Thus  ilie  Erie  now  constitutes 
411-963  of  its  New  Vork-Chicago  connection  ria  the  Lake 
Shore  &  Michigan  Southern  Railway,  and  receiver  on  a  i5-ton 
cai'loud  at  a  30-cent  rate  $]<>.55  out  of  $i)o,  assuming  the  through 
ni«  lo  be  divided  according  to  distance  only,  without  arbitrary 
or  terminal  allowances.     If  its  length  were  to  miles  shorter  it 

Boutd  receive  onlv  —r- —    or  — -  of  ino,  or  ftjg.oo — a  loss  of 
■  963-10       953 

)i>j5  per  car-loau,  which  is  about  three  times  what  would  he  the 

Ktuiil  extra  cost  of  hauling  the  car  over  that  extra  distance. 

314.  On  the  other  hand,  if  some  of  its  Western  connections 

were  to  shorten  their  line  ten  miles  the  Erie  would  be  greatly 

beaclited;  for  then,  for  Ihc  very  vame   service,  it  would    receive 

(rum  the  Lake  Shored  Michigan  Southern  Railway,  for  example, 

—  instead  of  ~~  of  890.  or  839-95  instead  of  $39.55 — an  Increase 

o4  40  cents,  or  about  (  per  CKni,/er  nolhing, 

Sjiending  money  lo  shorten  one's  own  line  for  ttirough  busi- 
uess.  iJiercfore,  must,  except  under  peculiar  circumstances,  be 
classed  among  those  charitable  actions  for  which  a  reward  may 
possibly  be  hoped  for  in  the  next  world,  but  hardly  in  this.  The 
only  important  exceptions  are  : 

Pint,  When  a  road  reaches  all  important  points  over  its 
own  Iine«.  as  the  P<-nnsylviiniii  ;  or, 

Sccomlly,  When  it  is  built  for  other  reasons  than  direct 
profit  to  the  investors,  as  the  Cincinnati  Southern  Railway,  or 
lines  budt  by  the  State. 

Even  these  exceptions  are  in  all  cases  only  partial.  There  is 
always  some  credit  side  to  the  disadvantage  of  disiance.  whereas 
tl>cre  is  never  any  credit  side  to  bad  gnuficnts  or  curvature. 
Bad  cur\'ature  and  gradienls  may  indtreclly  have  a  credit  side 
lo  them,  from  bein^  necessarv  to  reach  certain  traffic  points,  but 
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in  themselves  they  are  wholly  hurmful,  whereas  extra  disiano 
3s  not. 

319,  A  notable  example  of  these  antithetic  effects  of  distance, 
and  of  the  danger  of  di^rcgaiding  ihem,  may  be  found,  among 
many  others,  in  the  old  Atleniic  &  Great  Western  (now  New 
York,  Pcnnsylvania&  Ohio)  Railroad.  It  enjoys  ihcunique  dis- 
tinction of  being  now,  as  it  wa&  when  first  buUi,  the  longest  line 
in  existence  even  between  its  three  termini— New  York  in  the 
East,  Cincinnati  and  Cleveland  in  the  West.  It  has  always  two, 
and  generally  three  or  four,  more  favored  rivals  between  each 
considerable  point  in  the  East  find  every  constdcrtiWc  pciinl  in 
the  West.  Vet  even  in  this  extreme  case,  il  its  own  line  had 
been  ten  miles  longer  between  Cleveland  and  Cincinnati  and 
New  York  it  would  have  been  better  off.     It  would  then  have 

389 


received  J-r^-  or  46  per  cent  (see  par,  aso)  instead  of  ~-  or  4; 


57  » 


"3 


percent  on  all  Cincinnati  and  New  York  business,  and   - —  or 

J5  per  cent  instead  of  -~—  or  34  per  cent  on  all  CIcveland-Ne 

York  business,  assuming  in  both  cases  that  receipts  were  divid 
strictly  according  to  distance. 

216.  As  it  happens,  this  is,  or  was  until  within  a  few  years  (tb 
old  Atlantic  &  Great  Western  is  now  leased  to  the  Erie),  one  of 
the  cases  in  which  the  division  was  not  strictly  as  the  distance  ; 
the  Erie  Railway  having  formeily  insisted  on  being  allowed  a 
coxsTKUcrivr.  mileage  of  46  miles  from  the  junction  point  at 
Salamanca  to  its  terminus  and  junction  with  the  Lake  Shore 
Michigan  Southern  Railway  at  Dunkirk :  an  unjust  exaction 
which  it  had  power  to  enforce  because  it  was  the  only  eastern 
connection  of  the  Atlantic  &  Great  Western.  Whereas,  tlicre- 
foie,  a  division  exactly  according  to  distance  would  have  given 

the  Erie   on   Cleveland-New  York  business  -, —  or  66  per  cent, 

6j7  "^ 

and  the  Atlantic  &  Great  Western  ^  or  34  per  cent,  the  actual. 
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dirilion  wu  T-~      --  or  i—  (68  per  cent)  to  the  Eric  and  only 
687  +  40       673 

~(ti  percent)  lo  the  Atlantic  &  Great  Western.     N'evertlie- 

lett,  in  this  as  in  all  other  cases  divisions  were  ultimately  based 
opon,  although  not  in  strict  accordance  with,  ilie  precise  relative 
hnls. 

JIT.  From  this  example  the  ovcr-hasiy  coticlnsiott  should  not 
bjriDf  means  be  drawn,  that  a  road  should  lenKilicn  its  line  of 
Kl  purpose,  for  this  end  alone,  for  that  would  pruliubly  lead  to 
Kttof  folly:  l>ui  it  does  clearly  follow  that  whenever  a  lielter 
liaein  all  other  respects  can  be  thus  obtained  it  will  ordinarily 
bt  folly  not  to  take  !l.     As  it  happens,  such  lines  did  exist  at 
xverut  taints  along  the  Atlantic  &  Great  Western,  affording 
belter  grades,  more  traffic,  and  cheaper  work,  at  the  cost  of  some 
diuaoce;  but  unfortunately  iheoriginal  projectors  sinned  against 
both  of  the  cardHial  principles  laid  down  in  par.  iii :  ihcy  nc- 
glntcd  (he  vital  end  of  securing  short  iind  favorable  connections, 
Imi  exerted  themselves  to  shorten  their  own  road  by  striking  an 
air-line  wherever  possible,  at  iilmost  any  sacrifice  of  gradients; 
ninning  it,  in  literal  truth,  "over  the  hills  and  far  away"  from 
Iraffic.     The  conseiiuences  of  such  engineering  may  be  read   -j 
ihe  financial  history  of  the   roitd — a   history  which   might  have 
been  anticipated  with  certainty  in  the  beginning,  and   may  be 
counted  on  with  certainty  to  continue  to  the  end.      It  has  now 
fuund  its  greatest  and  only  real  use  as  a  feeder  and  competing 
weapon  in  the  hands  of  the  Erie,  but  considered  as  a  separate 
property,  apart  from  one  or  two  profitable  leases  which  have 
alone  kept  it  in  as  good  a  position  as  ii  has  had  (sec  Chap.  XXI.), 
it  can  never  by  possibility  more  than  barely  pay  operating  ex- 
penses for  any  period  of  years ;  for,  however  great  may  be  the 
growth  of  traffic,  and  however  great  the  future  improvements 
lending  to  reduce  expenses,  other  lines  ul.to  share  these  advan- 
tages, and  through  rales  will  continue  lo  fall  in  proportion,  down 
to  the  lowest  point  which  aSords  the  aiou  favered  line  a  handsome 
but  not  exorbitant  profit,  and  way  rates  likewise  will  continue  to 
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VAX  in  proportion  down  to  a  reasonable  but  not  excessive  per- 
cciuage  (usually  fiom  50  to  75  per  cent)  in  excess  of  the  through 
cumpcliiivc  rales. 

318.  In  a  certiiln  important  sense,  indeed,  we  tnay  say  tluit  alt 
raiei  are  fixed  by  cumpctilion,  for  tlie  fact  iliai  Tiuii-compciitive 
way  r«lC3  do  adjust  themselves  quite  closely  to  the  ihrougH  rates 
is  well  determined.     In  illustration  of  this  fact,  which  has  been 
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Statistics  op  Passknckx  TRArctc.  Clcvklamo.  Coi.um>us,  CiKCimtATi  ft 
l.tniAKAPous  Railway,  iS^j-iftSj. 


Local  P<m. 

TmOVMt  P«M. 

^rCeni 

Ym*. 

A*.  Huil. 
MUb. 

tUct*. 

Pcf  Mile. 
CU. 

At.  HiuL 
Ml  Id. 

Rkti. 
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74 

aq.S 
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a. S3 

IgS 

1.53 

»-5S 
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aj.i 
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3.JS 
t.Sq 

3.14 
3.1a 

t.Sa 

qo.J 

77 

7» 

» 

3$S 
S7.3 

as.(. 

1.48 
a. 41 
a. 4a 
3.46 

isa 

1^6 

76,  a 
03.0 
86.8 
7J-«) 

3ti 

3.39 

»9J 

i.Sa 

1.77 

1. 81 
1.73 

76.1 

8S 
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30.1 

a. SI 
B.60 
a.ji 
a-J? 

•  IS 
■  31 

lis 

70.5 
68.<i 
7a.O 
70.0 

<«s 

a8.9 

a. 57 
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■  .6t 

6a.6 
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Tahi-i:  94. 

ST*n«T»»  or  FuTOitT  Tsapfic.  Ci.bveland,  Coll-hdus,  Cikcinkati  ft 

Iki>ukak>i.u  Railway,  iSjj-i&lj. 

Thnvgk  Frtifkt.                                                                                \ 

. 

BAfTiBoUIID. 

Wnr-HovNB. 

Pot 

Wcii- 
Bvund, 

Per 

Cent 

Thn)U|h. 

AviIKf* 

R*»lpM 

I'M 

Ton.  M  Ik. 

1                TbM. 

lUuT 

MUM. 

lUcalau 

TmHlk. 

CM. 

ATcnac 
Haul 
Mllciu 

Recti  PI* 
Toci'MllI. 

CIl. 

1           **^*- 

19! 
■15 

1 

14 
93 

J»os 

3U 

■-34 

I.14 
.86 

33.3 
36.3 

03.) 
59.9 

■   178 

■9«4 

19s 

75 

333 

38.7 

Sfl  4 

■  778 
.650 
-7-6 
.613 

■  56S 

.031 

^L        "f 

»I5 
306 

303 

64 

S7 
51 

331 
333 
331 

317 

-68 
.88 
.84 
■73 

16.8 

36.3 
33-7 

s6.3 

04-7 
64.8 

67-4 
67.6 

^       j^ 

)gft 

66 

3t3 

•73 
.60 
.At 
■7> 
» 

>8.3 

6j.l 

^^1 

"M 
184 
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M>3 

so 
50 

311 

300 
301 
306 

35-3 
3S.4 

37-4 
36-7 

64.9 
68.9 
65.1 

04-9 

■S3» 

S9I 

.6i3 

■535 

H   J 
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'99 

SA 
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■51 

68.0 

■  463 
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B 
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Avcnn 
HkdT 
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RKalpu 
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TauL 
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I.S9 
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1 . 1 10' 

4J.5 
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IU3 
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:.44 
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;;;! 
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46.6 
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46.  s 

B    rtSo 
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i-oo 
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IM 
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9i 
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i.tS 
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.... 
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8.:;:::::: 

^■^ 

96 
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■w 
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Kailwav. 
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Vux 

EAii-Bciimu. 

Wbt-Soum). 

Toul.     1 

Tlirouib. 

Way.          ^      Ttanuih. 

W.7. 

tS6g 

1871 

1.56 
"-« 
I-I3 
1.17 

t.i3 

3.63 
J.67 
a.jS 

a.os 
i.7« 
1-53 
I.tS 
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4.0s 

9.84 

■  .a6 

3.0I 

■34 
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1S68. 
■B69. 

iBto. 

1B71. 
rt;a. 


t.oo 

■9S4 
■7«3 

■7S0 


I. OSS 
.755 
.673 
.6SS 


1.00 

1,00 

t.OB 

.881 

.996 

.96* 

.758 

.698 

.617 

■5"! 

-738 

.556 

.S7a 

.4«H 

56) 

Sine*  i8}>  Ih*  nuts  hAve  nol  b«cn  nude  public  In  Ihii  form,  lot  through  aod  wA)r 
wpani'ly. 

It  iTili  be  srCD  ihal  >he  n  on  compel  it  ive  wiv  oilm  (all  it)  ctOH   ii-mpalhy  with  the 
competitive  nics,  ud  vary  mon  dinctly  witb  each  oihet  than  Ibe  Losi-bound  and  Wi 
bonnd. 
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already  alluded  lo  (par.  54),  a  comparison  of  the  course  of 
ihruiigli  and  local  rales  on  the  Cleveland,  Columbus,  Cincinnati 
&  IndiuTiapotiii  Railway  is  given  in  Tables  93  and  94,  and  on 
the  Lake  Shore  &  Micliigan  Southern  Railway  in  Table  95,  wliich 
illustrate  the  fact  very  strikingly.  Few  roads  publish  reports 
from  which  such  statistics  can  be  obtained,  but  the  law  hoi 
substantially  true  everywhere. 

219.  From  these  examples  it  takes  no  great  intelligence  (o 
perceive  how  inexorable  is  the  law  that  the  line  which  places 
itself  originally  at  any  serious  disadvantage  has  no  escape  from 
the  consequences  of  its  folly  but  to  remedy  those  disadvantages. 
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Apperent  advantaftcs  from  the  g«n«ral  progress  in  wealth  and 
pOfMlattitii  and  ^ience  do  not  help  U  at  iil),  since  all  lines  share 
■like  in  them.  They  simply  enable  it  to  hold  its  own,  and  "  its 
0*11 "  is  noihiag  but  bare  existence.  We  have  in  many  such 
liaes.a»  panictilarly  in  the  line  lasl  referred  lo,  a  striking  v\\- 
dnce  of  how  completely  an  enormous  investment  niuy  be  thrown 
iwiy  solely  and  only  from  bad  engineering  advice. 

210.  It  may  be  added,  that  the  through  r.ntc  is  nearly  always 
divided  by  some  even  pertcntagp,  and  consequently  trifling  dif- 
Irnnces  are  not  likely  lo  affect  the  division  cither  way.     Thus  a 

lincenliiled  by  its  exact  mileage  lo  receive  either  ~~^  or  '^-—^ 

maid  probably  receive  40  per  cent. 


1000       1000 
If  its  length  entitled  it  to 
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—  it  would  probably  receive  41  per  cent. 


The  fractional  per* 


catages  are  sotneiimes  insisted  un  by  the  line  whicii  happens 
to  hold  the  stronger  position,  but  usually  any  advantage  of  that 
kind  lakes  the  form  of  some  terminal  or  arbitrary  allowance 
iiitle.ad  of  a  modification  of  the  percenUige. 

*!1.  Since  the  receipts  of  iiny  one  road  from  competitive  ex- 
change iriiflic  vary  (■)  with  the  total  haul  on  each  unit  of  traffic, 
and  (3)  with  the  proportion  thereof  on  the  home  and  foreign 
roads,  the  effect  of  any  given  change  in  ihc  length  of  the  limiie 
road  will  be  different  on  traffic  bctivcen  all  possible  traffic  puitits. 
AJl  that  can  be  done,  therefore  (or  all  that  is  in  the  least  neces- 
sary \f>  do),  is  to  form  some  rude  idea  of  the  cenvkk  oi'  ukavitt 
of  ihe  initial  and  terminal  points  of  shipment  at  each  end  of  the 
line,  which  will  often  be  quite  different  for  different  parts  of  the 
line. 

Precision  in  nch  eslimaie*  it  aoimportanl.  becjkuic  the  future  !■  altnmi  rer- 
tain  to  bring  about  grmi  chanRa.  and  perliapt  rcry  spcMily.  But  when  two  al' 
VtttmXK  linrs  arc  andci  cump«ri«on  in  uihTf  rfvprci*.  Iliv  aprirnxiiiiHic  i^ffect  o( 
iteii  differences  in  tbii  respect  also  sliouM  bf  ilclfrmircil.  <*iili  a  view  of  seeing 
(thethet  llicy  MreaKlhenor  wMken.  or  uitcriy  nulllfi-.  ihe  co'iclusitins  tliai  trauld 
be  etherwite  reached.  Tbot  Ibeydo  (he  laiio.  10  >s  to  in  Ihemselvcs  alone 
uuw  ibe  u)«<tMMi  of  one  rooie  Intiead  of  another,  should  be  admitted  onljr 
will)  Uic  uUbosI  caution. 
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Wi.  The  effect  on  ihc  receipts  of  the  home  road  from 
through  competitive  traffic  of  an  increase  in  its  own  Icnjtih  i>nly. 
the  haul  on  iis  connections  remaining  unchanged,  may  be  stated, 
with  adequate  exactness,  in  this  very  simple  way:  ^| 

The  inicrpotation  of  ndditintiiO  discuiice  by  the  adoption  of  ^^ 
lonjter  allcrnaie  line  heiween  the  same  termini  will,  foi  all  ordi- 
nary and  iriiideraic  changes  of  length  (under  »o  or  ^5  per  cent 
of  homr  li.itit),  leave  the  earnings  per  mile  ol  the  original 
(shorter)  line  unchanged,  and  enable  the  home  road  to  earn  on 
its  txira  mileage  at  targt  it  pfr<fHh\^t  0/ the  ai'trage  ptr  mitt  inu  Iht 
siu^rUr  line  as  the  ferfenlage  oj  the  roREiQN  haul  lo  the  Mai  haul. 
This  law  holds  essentially  true,  regardless  of  the  amount  of  th« 
added  mileage. 

For  example,  on  traffic  which  has  70  per  cent  foreign  haul, 
if  the  home  road  were  longer  it  would  receive  out  of  its  added 
proportion  of  through  competitive  freight  enough  to  earn  70  per 
cent  as  much  per  mile  on  the  added  mileage  as  on  the  original 
mileage,  the  earnings  on  the  latter  remaining  unchanged. 

223.  To   put   the   rule   in  another   and   shorter   way:   With 
through  competitive  traffic — 
The  per  cent  of  home  haul  in  the  totat  haul  -^  the  \  ==  loo  p.  c. 

per  cent  of  average  earnings  per  mile  realiied  I  (klir»yi  » liu 

by  home  road  by  extra  mileage j      He  Jes*). 

The  maximum  and  minimum  "limits"  to  this  rule  are: 
I.  When  the  home  road  has  100  per  cent  of  the  haul  it  rea-^ 
lizes  o  per  cent,  or  nothing,  on  any  extra  haul.  ^ 

%.  When  the  home  road  lias  originally  o  per  cent  of  the  haul 
the  gain  to  its  receipts  from  any  haul  it  may  gain  is  100  per  cent 
of  the  average  rate  per  mile. 

224.  A  simple  geometric  demonstration  of  this  law  is  given' 
in  Figs.  7  to  11,  with  their  accompanying  explanation.  The  law 
is  only  approximate,  and  for  very  great  changes  of  length  be- 
comes materially  in  error;  but  the  largest  probable  differences 
which  can  come  under  the  consideration  of  the  engineer  are 
from  10  to  15  per  cent  in  the  home  haul,  and  for  such  differ* 


■n      1 
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coces  the  law  is  sufficiently  exact,  a^  is  evident  in  Table  96, 
which  gives  the  exact  e£Fect  on  receipts  of  modifications  of  10 
ind  10  per  cent  in  the  home  haul. 


Table  96. 

EmcT  OF  Changes  of  Distance  on  Eaknings  from  Through  (Exchanci) 
Competitive  Traffic. 

Giiii^tbc  exact  effect,  SDd  iUiutialing  the  eaiealial  truih  of  and  amount  of  error  in  the 
approxinute  rule  ia  paja^aph  333, 

Effttt  •>/  10  per  tenl  Inereasi  of  DUtante. 


hr  Cm  of 

CoTrnpondiac 

Per  Ceni  of 

Sum  of 

Ontiiul 
TgulHiiiI 

Receipii  of 

If  the  Htmi  Road 

€xtra  Receipt* 

Percrniaeea 

HofDC  BcHd 

were  Ten  Per  Cceil  lonf£cr  lu 

on 

in  Fin"! 

niEhr 

OUI  of  fl.QD 

Rcccipii  would  be^ 

txtr*  Haul 

and  La^i 

HoBrKoad 

Rate. 

to  Average. 

Colun'.Qi. 

10 

10  CI9. 

^  X  $1.00  =     io.8gi 

8g.l 

99,1 

H) 

30  ■' 

?A  X    i-oo  =    SI. 57 

78.5 

98- 5 

30 

30  '■ 

MX    1.00=    32,04 

6B.0 

98.0 

«o 

40  ■' 

4^y.   100=   42.31 

57.8 

97.8 

SO 

SO  " 

MX   1.00=    58,38 

47.6 

97.6 

60 

60  '■ 

M  X    1.00  =    62.16 

iViX  1.00=  71.96 

37.7 

97-7 

JO 

TO  ■■ 

28.0 

98.0 

80 

80  ■■ 

MX     1.00=     81.48 

18.5 

98.5 

90 

90  •' 

MX  1-00=  90,83 

^  X    1.00  =  100  00 

Q.O 

990 

100 

100  " 

None. 

100. 0 

Effect 

ef  so  frr  ctnt  Inereau  tf  Dislanet. 

10 

10  CIS. 

MX»i.oo=     11.765 

88. s 

98. 2 

so 

20    '■ 

M  X    roo  =    33  07 

7fi.8 

96 

S 

30 

30    •■ 

MX    100=    3396 

66.0 

96 

0 

40 

40    ■' 

M  X    i.oo  -    44.44 

55.5 

9S 

1 

so 

SO  ■■ 

MX    1.00  =    54.545 

M  X  i-oo  =  64.284 

4S'5 

95 

4 

60 

60  " 

35.7 

95 

7 

70 

70  " 

MX  1.00=  73.68 

J6.3 

9b 

1 

lo 

Bo  " 

■AX    100=    82.80 

"75 

97 

S 

90 

90  " 

ij  X    I-oo  =    91.53 

8-5 

(J8 

5 

lOO 

100  " 

fU  X    I.oo  =  100.00 

None. 

100. 0 
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FlO*.  7  TO  l>,   DUUKAXl  tU.I.'tTKATIHli  TtIR  CmtCT  OX    RtCUM*   Tt-tM  CoK> 

FSTiTivB  Thnouuii  Taxmc  or  A  Lanuu  Homs  Line  de-ii 
Tkmmim. 

A     B 


£' 
lOi  tJnu  Jiifr^t  Ike  MerfetaM  mllf»f  «  /**  *ww  warf  </)  *>  «"••">'  "  **  O: 

KlCHTll^//*/  Tt'TAL.  At"/.) 

~im.  J-I. 
Igul  b*iil  cm  (luve  khM^ 


I'l^.i.  J-IO    Out  •J«*»TllllOl 

lolsl  luul  on  bone  road. 


I 


Ul  bull  on  lidCM  foul. 


Fif.  », 


Kic.  I*. 


%Oa  tluu  diagTMit  Ikf  iHltrfvlalri  milfJtf  an  Iht  temt  rvad  (  0  u  aitumtrJ  It  it  OSIS 
QUAHTKK  eflkl  rOTAL  Ajk/.] 

E^plaualion  of  diagramt.  anii  drmaitslralitnt./r<m  Figs,  -j  te  M.of  It 

stalfil  in  par.  JJI. 

335,  In  eii^h  diagram  Ic[  the  baic  DC=  Ili>  Eotkl  haul  on  aojr  given  imil  of 
IliTnuicli  r'ini|>c<iilve  iialtic.  In  part  over  the  home  toad.  //.  and  In  part  over  onf 
or  mote  fortiit"  romln,  F. 

Anil  let  the  aliiiude  AD=  BC=  Ihc  average  receipt  per  mile  on  this  unl 
4>l  tra1H<. 

Tiieii  nill  ihv  are*  ABCO  =  the  total  Ihmucb  rate  per  nail  ol  traffic  (le«i' 
Miy  lerminal  or  nlber  coRvtant  deductionX  and  ihe  area*  //  and  F  ~  Ihe  frac. 
ttoo*  tbercol  apperiainins  to  Ihe  home  and  Toreign  toadi.  reipccilvelj.  ^m 

Aisiime  the  lota!  haul  Increatcd  to  J)'C  by  ihe  addition  »( the  distance  DBl^^^ 
to  the  liomc  road.    Thtn,  tincc  the  lot&l  [hrouxh  rnte  rrnuiini  the  ume.  we 
•ball  obtain  a  ne«  averaite  rale  per  mi1«.  A'D',  o(  such  amount  ihai  the  aiea  ol 
«t>e  new  rectangle  A' BCD  =  area  of  original  rectangle  ABCD. 


or 

] 
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FonheniMKe: 

Iwuacle  AB  ■m  gross  amount  lost  by  both  roads  jointly  on  original  haul 
bT>l*(Te«>«  inlbrougb  raiepFr  mile  =  (ecungle  AD  =  growaraouni^-Jiwrf*/ 
kmt  rr*ifx(/iiivtfytioca  twning*  at  decieascd  average  rale  on  i^^  txt  r»  mileage. 

Bui  iI  wc  acciune  lb«  otoinKt  of  the  home  tonii  an  its  original  mlleige  10 
tt  uniffeclt^l  ^  Ihe  addition  thereto,  then  will  the  recianglex  £Ji'  =  ihe  uioss 
MOtuu  lost  by  the  (oreiin  mad  ihinugh  the  longer  haul  at  the  ume  through 
(Mr.  and  Ihla  uea  only  will  reprrkcnl  Ihe  f.i/ra  tecoijitaol  the  home  road  on  iis 
aira  miloace,  which  let  ::  rc<ungle  A'£>. 

Dien  *«  Imv«,  Kcometriuily, 

A-  D       BB, 


AB' 


i.e.. 


It  to 


»veiaj;t 
through 
rate  pet  xa\\t 
on  new  and 
,  longer    haul 


(origliukl 
haul  on 
foreign 
road 


lata 


origi- 
nal 
total 
haul. 


A-0 

Km  rate  per  mile   (tallied 
m  lome    rogHl  *on   added 
lu[<raie  rruliied  by  hvme 
nkl  00   original    mileage   \ 
tei«gMp|Kj>Md  Qochaogcil}  J 

For  eaample:  11  1%.  so,  or  ^%  per  cent  of  I)ie  original  haul  (before  (he  home 
hit  «M  tcngihcned)  wa«  on  ihe  foreign  road,  the  home  road  mill  realiic  (irithin 
a  triding  error,  sbown  In  Table  96)  ij.  so.  or  7s  per  <eni  of  ihe  new  average 
dnogb  rate  p«r  mitr  nn  any  added  mileage,  without  tuflering  any  such  reduc- 
Umm  ita  coimMtiofi)  have  to  lulTirr  "ti  it«  orifin.\l inWrtixt. 

In  praalre.  the  cbange«  of  Itngih  mhich  the  engineer  is  called  upon  to  con- 
*An  Kill  ordinarily  be  *o  »t»all  that  the  through  rate  per  mile  of  competitive 
(iPRht  will  be  but  little  nfletted:  so  that  we  may  *ay  in  FiuB.  7  to  la  that  ptacti- 
uly  A' O  V  AD,  whence  we  have  the  approximate  law  o(  par.  333. 


Taiilk  97. 
PioroKHoy  of  Through  asd  Local  rKKiotrr  in  kach  Cbh8i;s  Group  or 

THE  UMTf.U  SlATKS. 
^K  (Cempnicd  Iron  Onnnaf  iSls>|    (Eam[ngi.> 


Cn**ci  Oaorr. 

Thrratieh 
Km^lil 

Frttfiht. 

Toul. 

11.  Middle  lo  Indiana. ... 
V.  I.<iuiftiana  and  Ark.. . . 

6<(.7 
60.5 
S8.4 
43.8 
5"5 
39  S 

30.3 

39. S 
41.6 

S6.3 
4S.5 

too. 
100, 
too, 
too. 
100, 

rrv. 

Total  Uniied  States 

'          —  -     , 

S6 

44. 

lOO. 

FbT  more  accataie  deiitHiaEion  of  ;:Towfij  v«  Tjblir  i]ft  and  iilhen. 
fe«m  rliiiiril  as  "Uiiougb~  u  axopciiiit*  inlfic.  by  any  means. 


Not  oil  the  treitht 
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TAitr  >.                                                            ^1 

^^^B          FUIRHT  MOVEMCHT 

.  Thbovor  anr  Local.  East  axd  Wist,  ok  PunnTi-  ^1 

^^^^^^               VAMU 

Railkoad  (p.  R.  R.  Div.  onlv)  pok  Thikiv-pivb  Ykaki.           ^H 

(l'jX''>t  (nicbl  oolf.    SUllstki  cxiit  do  bithar  bacfc.)                            ^H 

Tom  C'SBini 

TOH-MILIUU.                                   ^H 

^^B 

1 

=  nattua. 

■—  iJi"""*.                                ^H 

TlHmuh. 

UaX. 

T«>L 

lliraBKli.       1          \jaaL 

1 

TMIL            1 

But. 

Wm. 

B«M. 

W<M. 

BM. 

W<N. 

Bm. 

w««. 

^^^ 

«« 

,oui 

.•H* 

.••s 

a.a» 

...... 

>       .. 

^^^H 

-0113 
.oji 

.<RI 

.M) 

•  •Ot 

».» 

1" 
l.«T 

».* 

rti 

«.B 

*-• 

t«l 

:s 

■•w 

S.JS 
"■J 

11.4 

n.t 

■B*  ■     ^^ 

^                     i»lt-«, . 

-OJl 

-•(• 

.«!> 

-*tt  1  •■»•» 

'»-»' 

?»• 

..k 

••.•a 

^^H 

*•» 

.«)« 

jrta 

'Of? 

».o 

19-0 

U  4 

?1 

I'-I 

■ 

.■41 

3; 

-4M 

«71 

^H       £-:-.: 

lOJ 
■  ■IB 

:£: 

■4^ 

■  .»« 

•«4 

•»  1  ■ 

^^^B           t\aUa. 

,•)« 

J»> 

MI 

-«» 

o-w* 

1     )lo 

•e.i« 

I'  M 

*r«* 

^^^B               .H. 

s-tl 

«.«• 

O.M 

o-JJ 

::a 

tit-l 

-a". 

tto  4 

•04 

•*■  '^^ 

^^^H 

•W 

•■n 

i.ij 

■J'  ) 

«s« 

■ftjl 

35 ; 

))*■  ^H 

^^B 

<•-» 

•  ■» 

l-4» 

•  ■M 

M4.« 

•) ) 

■nr 

«»-• 

MB  ■    ^^ 

^^^1 
^^H 

0.|. 
O.JO 

•■'3 

:;3 

lUJ:: 

MO 
11  * 

KO-O 

»oi-« 

n  ■ 

*»• 

0  u 

•  11 

I.H 

».iJ 

.a  JO 

■A.Ot 

2:; 

■n.^ 

«0«B 

^»*::^^H 

«-»» 

•  ■a 

•  il 

«M 

"J. 

»i«. 

ej» 

i.aa 

:;3 

3  1' 
«  <l 

J. 00 

PI- 

4«*- 

Si 

1    J 

^^^^            w ... 

•  M 

on 

I. or 

»4I 

■M 

It 

4M. 

110, 

>.«■ 

«.tB 

'.»■ 

I  »i 

4'U 

'H-4 

?».• 

W.> 

~io»r~'^^B 

B.J1 

»-(1 

»-IO 

..•( 

;:2 

31: 

Ill- 

iS: 

■ij. 

^^^_ 

re 

»t» 

4" 

•■« 

•IB. 

•I*. 

:X'  ^1 

^^^B 

•  J* 

14a 

■  M 

t«; 

V"- 

114. 

III. 

'W- 

^^^^ 

<,«7 

•JO 

4  W 

»->4 

jti. 

H«. 

ll«. 

•)ri.  ^H 

^^^^                 M   "• 

1  «* 

•-» 

J  jn 

*» 

«,» 

ne. 

Ml* 

2&   . 
•»»i 

^H 

••t 

•  » 

4-M 

>.« 

t>7 

>»!»-      ^1 

i.t* 

••» 

(W 

(.» 

■  «• 

«1- 

•■9. 

KJ: 

■>»■ 

■ 

!.«• 

•  •• 

J;^ 

».I» 

OM 

1^- 

»t- 

'»• 

■•H        ^H 

il 

:3 

jot 

;t!i 

15: 

W] 

*»* 

t(t. 

^B 

^^       C:::. 

4-M 

'M 

»it. 

>)T- 

•'«•    ^n 

*••• 

4.« 

lS-)« 

»H- 

«7« 

■no. 

»1- 
III    V 

»3*.                   1 

■.                i»f«-«a 

t.M 

»-M 

i-ii 

1*1 

■l.«l 

•»»■• 

■  14.  t 

**n  a 

^^H. 

>-■* 

*w 

»■» 

|.«l 

*-»< 

it.n 

>^. 

*»). 

Ml*. 

■  ■»- 

Mm      ^H 

^^^^H 

:-3 

::JI 

11. ei 

lOrti 

*•)■ 

"J 

•JJJ. 

4i»- 

•*k.    ^H 

^^H 

I  J,  4) 

»  f 

■  ■.•* 

£ 

•M' 

a:: 

fK. 

•Vlf.       ^^1 

^^^1 

^^H 

::3 

;ja 

TO 

T.«l 

■eg. 

^: 

^^^^H            iMfJ.. 

..« 

•-I* 

"-»• 

»■■» 

•'■!» 

tM.» 

*•!'« 

m)-* 

#!.« 

M»«    ^ 

K.           i 
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Taole  98. — Continutd. 
St;t(»uiiv  tiv  H  A  u'- Decades. 


T««  Ciu«ui>. 

1  =  ■.MtMUn. 

1    =    l,«A.00O- 

riu. 

ToHl, 

Thtoui;)!,       1          Lool, 

TeuL 

Bmi. 

Wot. 

Km. 

WOL 

But. 

W«tL 

Emi. 

W«(. 

•i>^. 

*J 

■•« 

■•I 

*t 

«.pi 

"■S 

g» 

!>.« 

it.« 

»'• 

*!»«. 

-'I 

■«» 

•M 

■>• 

i^«) 

)»» 

li.i 

J'S 

r.9 

■«j.« 

*.^. 

n 

.<) 

I.M 

-» 

l.ri 

1.1  1 

46. D 

"JS 

40. f^ 

jrt-i 

1M-)I. 

.<■ 

■•» 

»J» 

1.1) 

4  » 

•4I< 

JI-» 

)6..4 

M.9 

Wf.o 

*I1 

.*« 

■U 

4>T« 

»•>> 

l.tT 

J.J6 

ttl-l 

J.I  ■ 

■».» 

■  .«7.l 

tfMc 

i-<i 

■35 

•-»• 

JO 

ti-w 

JO}  1 

"4  4 

(CUT.* 

■  11.3 

iSjS.* 

«>-). 

'  «7 

■56 

U.J4 

I.dO 

ii.,e 

irt-» 

K],! 

<J9)4 

4«t.(l 

•m* 

PcRCUtTAtiU   AM>   AVtKACK   LoCAl,   HaUL. 


> 


!■««  CiKTi  or  Tot 

•  L, 

Areia|[c  Hwil 

on 
Loeiil  FreiiU. 

Tu> 

Tbn 

Toa». 

Tao-<nil«. 

mcb- 

Lu:»l, 

Thtough, 

Local. 

Bmc 

W«M. 

BUL 

»'Mt. 

Kail. 

W«I. 

KuL 

3».« 

Wen. 

BuL    1  Wml 

Mp^. 

N-S 

**-> 

»  5 

•"5 

"■» 

'»■) 

«  4 

jo.j    1    («.a 

rfMt 

".» 

44.* 

144 

»)-l 

16.Q 

4J-7 

ij.e 

iSj.           Ii.o 

OU.!-. 

'»• 

»  > 

H« 

J«-) 

It.t 

4S-» 

"-• 

■4".           »*.» 

•ilH» 

•  » 

»-T 

rtj 

11 .1 

T9.9 

M-4 

II. 9 

US-            7l>,» 

*V5 

■o.l 

W-J 

»».« 

•4  7 

».. 

s6.o 

10. 1 

IJl.            ,6.4 

MiMb 

U.I 

J*» 

••.4 

•f  I 

6.» 

M-8 

"4 

1(4.       1     f'l  fi 

•^. 

*4 
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396.  From  the  atldiiional  rec^pis  thus  realized  is  to  be  dc< 
dueled  tliL-  nddilional  cost  nf  earning  it,  which  we  hitve  seen  may 
txty  anywhere  (mm  25  to  40  or  (for  great  changes)  50  per  cent 
of  the  average  cost  per  mite.  No  absolute  pnifit,  therefore,  can 
be  realised  from  longer  home-haul  of  competitive  freight,  unless 
the  foreign  haul  is  greater  than  i%  to  40  or  50  per  cent  of  ilie 
total.  Bui  with  any  foreign  haul  whatever  tlicrc  is  snme 
credit  as  well  us  debit  side  to  the  disadvantages  of  distance  for 
this  class  of  traffic 
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327.  Lei  us  now  see,  in  continuation  of  par.  soj,  how  muc^ 
weight  should  be  probably  given  lo  dipperences  of  distance 
RESPECTS  WAY  TRAFFIC.  Table93 at)(l  variou^otlicrs  willshow thi 
it  is  u  (airl)-  low  estimate  to  assume  40  passengers  or  too  ton 
of  freight  as  an  Hvenige  iruin-load,  about  one  half  of  which  (sec 
Tables  97  and  9S)  will  be  local  traffic,  at  rates  fixed  by  the  mile 
or  at  the  will  of  ihc  company.  The  fluctuations  from  this  average 
are  very  great  indeed,  and  a  nearer  estimate  can  easily  be  formed 
In  any  particular  case.  Assuming  the  above  average,  however, 
at  1^  cents  per  mile  for  freight  and  ij  cents  for  passengers,  this 
purely  lociil  trrilTic  would  net  50  to  63^  cents  per  train-mile.  On 
Ihc  oihcr  hand,  we  have  already  cstimatetl  (Table  89  and  par,  195) 
the  actual  cost  of  running  an  extra  mile  at  from  35  to  50  cents. 
This  sum  includes  all  expenses  for  running  such  distance,  so  that 
«nyaddiciunal  receipts  arising  therefrom  must  be  credited  against 
It  in  full. 

326.  Accordingly,  it  is  plain  that  whenever  way  rales  are 
aciiialty  determined  by  the  distance  alone,  any  reduction  of  dis- 
tance would  be  very  apt  even  to  entail  a  balance  of  loss  upon 
the  company.  For  example,  it  would  undoubtedly  entail  a  net 
loss  on  the  New  York  Central  Railroad,  from  iheir  way  business 
alone,  to  shorten  their  line  by  several  miles,  even  if  it  could  be 
done  without  cost  to  them,  provided  all  their  business,  "  way"  as 
well  as  "through,"  had  10  be  transported  over  tiie  new  line;  for 
tfo  cents  would  be  a  very  liigh  estimate  of  the  actual  co9^t  of  run* 
ning  extra  distance  on  thai  road.  On  the  other  hand,  taking  an 
average  train-load  (on  main  line  only)  of  too  passengers,  and 
assuming  the  very  low  proportion  of  one  half  as  that  on  which 
the  receipts  are  fixed  by  the  legal  limit  of  i  cents  per  mile,  we 
have  an  average  gross  loss  of  too  cents  per  train-mile,  or  a  net 
loss  of  40  cent*  for  every  mile  cut  out  of  the  line.  And  if  the  grots 
loss  had  been  but  to  cents  instead  of  too.  it  would  have  operated 
to  reduce  the  value  of  any  saving  of  this  distance  by  so  much, 
although  not  entirely  destroying  it. 

aw.  All  way  traffic,  however,  is  not  by  any  means  rated  solely 
bjr  the  mile ;  nor  would  any  railway  think  of  attempting  to  so 
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ll,  even  if  it  had  the  power  to  do  «o,  without  destroying 
linesA.  Tubles  93-5  clearly  show  this.  Tiiblf^  9S,  showing  the 
enormous  and  growing  proportion  which  local  Iniflic  makes  of 
the  lutal  traffic  of  a  line  like  the  PcnnsylviiniiL  even,  which  is 
«4tca  thought  of  as  chiefly  a  through  trunk  line,  makes  it  still 
dearer  that  it  is  impossible  thut  local  traHic  should  be  all  so 
nied.  And  yet  a  line  no  miles  long  instead  of  too,  between 
tmi  given  points,  will,  or  can  be  made  to,  derive  some  addition 
logros>  receipts  without  working  cither  hardship  or  injustice. 
Tbe  local  pa&fcnger  rates  would  be  perhaps  $^.30  insteud  of  $3 
-a  diflcrencc  which  those  who  may  be  called  floating  or  occa- 
aional  travellers  (ihosc  making  one  or  two  or  ten  trips  a  year) 
an  well  afford  10  pay,  and  would  pay,  probably  without  feeling 
ifct  difference.  H  we  estimate  the  total  extra  cost  of  running  the 
le  Biles  extra  distance  ■((  $j.  which  would  ordinarily  he  ample, 
il  KMild  require  but  10  such  passengers  per  train  to  wholly 
counterbalance  the  cost  of  running  the  extra  distance.  That 
load  would  be  the  exception  perhaps  which  did  not  average  10 
wch  passengers  per  train,  and  substantially  the  same  condition 
of  tilings  exists  on  many  roads  in  freight  business  also. 

For  the  remainder  of  the  trufhc,  10  which  the  greater  rate  for 
the  extra  distance  would  he  a  real  hardship  and  burden,  it  is 
entirely  at  the  discretion  of  a  railway  company  to  do  away  with 
the  extra  burden  by  special  rates  based  on  volume  of  business 
firnished;  and  this  is  the  true  and  just  principle  of  fixing  rates 
under  all  circumstances;  for  the  interest  both  of  the  stockholders 
and  the  general  public.     A  man  who  travels  or  makes  a  ship- 
ment over  a  line  once  a  year  is  not  grfatly  hurdrnrd  by  rven  a 
considerable  difference  of  rales,  and  ii  may  equiinbly  be  col. 
Ircted  from  him,     A  constant  patron  of  the  line,  on  the  other 
ban'!,  linds  the  same  difference  of  rate  a  very  great  burden. 

330.  Thus  we  seem  driven  to  the  conclusion  that  it  is  rather 
worse  than  money  thrown  away  for  any  average  road  to  spend 
money  in  sltorientng  its  line,  nor  is  there  any  escape  from  the 
conclusion  that  there  is  only  one  class  of  road  to  which  it  can, 
under  any  circumstances,  be  any  great  object  to  do  so;— those. 
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namely,  whose  traffic  is  mostly  hauled  over  iheir  own  lines  ex- 
clusively, while  Bt  the  same  time  the  rates  on  a  large  portion  ol 
it  are  directly  or  iiidireclly  iixcd  by  compclicion,  as  on  two  or 
three  of  the  great  trunk  IIiks.  A  large  non-competitive  way 
traffic  klone  may  entirely  neutralize  the  pecuniary  value  to  the 
company  of  solving  distance. 

23t.  Bui  these  cunclusiooit,  although  undeniably  true,  should 
be  acted  upon  with  even  greater  caution  than  those  already  su 
gesied  with  respect  10  through  business,  and  only  when  there 
no  possible  doubt  as  to  the  interests  of  the  company.     For  as 
question  of  public  policy  the  conditions  which  bring  about  a 
credit  side  to  distance  have  no  force  whatever,  tlie  ultimate  loss^_ 
to  the  community  from  an  unproductive  and  avoidable  servic^H 
being  the  same  whether  borne  directly  by  the  railway  company 
or  transferred  by  it  to  the  general  public.    And  inasmuch  iis  the 
prosperity  of  a  railway  is  intimately  connected  with  that  of  its 
supporting  population,  the  policy  under  certain  circumstances— 
perhaps  under  any  ctrcumsianccs^-of  tiius  counting  in  us  u  make- 
weight a  possibly  avoidable  tax  (a  large  fraction  of  whidi  is,  so 
to  speak,  spent  in  collecting  it),  however  fairly  distributed  and 
lightly  borne,  may  be  questioned,  es|ieciaUy  as    the  ability  to 
collect  it  through  absence  of  competition  is,  by  its  very  nature, 
temporary  and  changeable.      Nevertheless  a  railway  is  a  busl- 
ness  enterprise  and  not  a  charitable  institution,  and  ii  lias  the 
same  right  as  any  private  citizen  to  take  every  reasonable  pre- 
caution  to  \ecure  pecuniary  success. 

332.  The  future  returns  to  the  investors  arc  always  more  or 
less  problematical,  while  the  benefit  to  the  public  is  not  prob- 
lematical, and  always  far  ahead  of  any  possible  profit  to  the  in- 
vtstort.  It  is  hardly  reasonable  to  demand,  therefore,  that  rail* 
ways  shall  increase  llieir  investment  for  the  sake  of  decreasing 
the  return  on  that  investment  paid  by  the  public;  unA  sound 
policy  requires  and  jusiilies  this  at  least— that  the  expenditure 
should  be  mainly  directed  not  to  shortening  the  line,  but  to  re- 
ducing i)ie  gradients  or  vertical  distances,  which  we  shall  find  to 
be  immensely  more  important  than  linear  variations  in  their  ti- 
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l<et  on  tiperatlng  expenses,  but  over  which  a  rsilway  can  under 
iMCliTumstaiiccs  derive  additional  revenue  by  running  its  trains. 
For  it  IS  (itr  earlier  to  collect  pay  from  an  inlelligcnt  public  (or 
urtjing  ihem  ten  miles  around  a  mountain  than  for  taking  them 
ovtT  th«  top  of  it,  while  It  costs  far  less  lu  do  It. 

I3X  Ei^peirially  wlien  the  question  cornea  up  of  lf.nothi'.mng 

Till  LLSr.    TO  >KCUKK  WAY  llUMNR>i(,  a»   SUggCSieil  ill  ClliiptCr  III.. 

■e  n4iy  almost  say  itiitt  where  there  seems  Any  room  for  doubt 
il  aill  almost  alwiiys  be  policy  to  do  so.  Extra  business  to  a 
luilway — ilic  engineer  will  rarely  err  in  thinking — is  almost  all 
tltar  profit.  Of  passenger  buMncss  this  is  literally  true  until 
tlir  increase  becomes  considerable.  Of  freight  business  it  is  so 
nurly  true,  that  So  or  90  per  cent  at  least  of  a  way  rate  is  clear 
proAt  over  the  actual  cost  of  any  one  particular  extra  shipment. 
fSeealso  par.  181.) 

334.  Let  us  suppose,  for  eiumple.  that  the  A.  Si  B.  Railway.  Fig.  13. 
too  m3cs  long,  la  deRcctcd  10  mites  north  to  strike  some  way  point  C. 
TIk  Increase  of  length.  It 
tke  road  were  all  a  straight 
liee,  would  be  as  nenrty  as 
nuy  be  fvf  mtles.  and  the 
extra  cost  of  running  those 
tso  miles  probubly  fifty  to  seventy-five  cents  per  train,  as  already  cm(* 
mated. 

S3S.  The  tots  of  ilUiAiK*  (rcxn  even  very  considerable  dTriaiinns  From  *n 
•ir.tine  ts  cntninvoly  abrardly  over-riiiioalcd.  «v(tn  in  lh<  miiidB  of  cn^inFcrs, 
ill  a  WBjr  and  for  reasons  more  futljr  discuised  later  (Chap.  XXV 1 11.).  Voung 
M«(*icen  «rc  rafdy  iraloetl  In  lach  milters,  and  should  Lake  paint  lo  disabuse 
Dirii'  mlods  of  Impressions  whtch  often  lead  thcin  10  lake  (or  gntntcd  Assump- 
Itoas  in  tbiB  lespvct  which  hare  a  more  shadow  o(  foundation  in  fact. 

On  such  a  road,  (f  running  ten  trains  daily  each  way,  this  loss  would 
•mount  to  $3630  to  $547$  per  year.  A  very  insignlllcanl  town  will  fuiw 
nish  as  much  business  ss  tfuu  as  will  be  evident  from  Tables  14  to  18, 
The  average  payment  to  railways  in  ilio  North  Central  States  being 
abuui  ti3  pet  head  per  year,  an  average  village  of  )oo  to  500  peoplcwotild 
tie  a  sut&cieni  Inducement  for  such  a  deflection.  There  are.  of  course, 
■create  fluctuations  in  the  prolublc  revenue  from  a  village  of  that  size. 
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A  village  ofcuaUniineTs  will  produce  ten  tiioM  that  inifltc  a(  least,  ai 
MDic  retired  hainlel  nui  a  tentli  nf  h. 

33&  Tti(^  prcci-diii);  ii  iixlcpcndeiit  of  ihc  cflcci  of  ihc  lu-n  mites 
extra  <liit.iiici-  to  incrca'ie  rvc<;l|iti  us  welt  as  ex)i^nxcs  on  the  imitic  a.i  a 
wbule.  Taking;  tli^i  iniu  aci;uu[ii.  ii  tivcdi  ito  lurilict  dt^ni'iiiM ration  I'l 
show  that  It  must  in  cciieral  be  a  seriout  [riitake  to  neK'ecl  wuy  points 
i\Ta\^\y  10  shorten  tlic  line.  uiile»  the  grades  are  alHO  aflecteil.  Id  ilie 
latter  case  it  becomes  more  doubtful :  but  tskitig  the  country  as  a  whole, 
not  only  the  private  interests  of  railway  corporations  but  the  interetta  o( 
the  general  public  as  well  have  suffered  great  iti§advantage  attd  l<jss  from 
contrary  practices,  while  ihcag^rc^tc  niilway  mileage  has  been  unnec- 
essarily incrcaacd ;  for  a  slight  swerve  in  the  main  line  will  often  tavc 
long  branch  ora  longer  competitive  line. 

237.  The  doubting  engineer  may  safely  take  the  two  following 
firimA/adt  guides,  to  be  deviated  from  only  uk  special  reason  to  thecoD- 
irary  appears : 

1.  Any  deviulirin  which  will  increase  rKF.  average  pp.k  mii.k  or 
ROAD  np  TBIBUTARV  ptiFVLATlfiN  (Weighing  ilic  liitli-r.  ol  courec.  in 
propotiion  to  their  revcnne-puiducing  Ciipacity)  is  »ll  but  cetia inly  ex- 
pedient, hccAusc  it  is  ma  the  mat  id  II  y  denioo.ttmble  that  the  longer  line 
ought  then  if>  be  for  the  joint  advantage  of  the  community  and  the  rsU- 
w.iy  (sec  Chap  XXI.). 

2.  Even  il  the  gain  be  considerably  lets  than  Ihii.  the  deviation  may 
easily  be  (and  probably  is)  (or  the  intereu  of  the  railway,  although  not 
in  that  case  expedient  iii  itself,  as  a  queuion  of  public  policy. 
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338.  All  the  prccedinj;  conclusions  «s  to  the  comparatively 
slight  importance  ol  distance  (and  the  same  is  true  of  a1I  the 
minor  del.iils  of  ulignineni)  may  well  le.id  to  ruinous  conse- 
quences if  they  are  stretched  until  lliey  crack  to  support  some 
extended  and  raiiical  change  miiterially  modifying  the  cost  and 
convenience  of  transportation,  and  so  discourafjinf;  traffic;  for 
it  roust  never  be  lost  siglu  of,  that  anything  wliich  tends  to  per- 
manently increase  by  ever  so  little  the  cost  to  the  public  of  any 
given  service  is  disadvantageous  to  all  parties,  although  its  dis- 
advantages may  be  more  than  made  up  to  one  party  by  the  gains; 
and  if  the  difference  be  extreme,  the  danger  of  permanent  dis- 
aster to  the  property  is  great.  The  point  tvhicli  it  has  been 
•ought  to  bring  out  is,  that  even  in  extreme  cases  tiicre  always  is 
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iCTCdil  side  of  considerable  importance  10  increase  of  distjin<:« 
— CMlrary  lo  the  iOe;i  which  prevails  10  an  unfortunaie  extent, 
UiU  N  shori  and  diicct  line  is  the  lii'st  desideratum,  to  which 
4lBW»t  everything  else  must  bend.  On  the  cunirary,  it  would 
br  lafd  to  put  the  general  rule  which  should  govern  action 
•iiniii  obtaining  a  short  line  in  a  simpler  unO  safer  form  ihuii  la 
uj  that  it  is  the  one  desideratum  about  a  railway  which  it  is  a 
good  tiling  to  have  if  it  costs  nothing,  but  which  must  give  way 
toother  considerations  in  case  of  conflict,  and  is  not  worth  S|>cnd* 
in|;mach  money  for. 

There  are  cases — as  for  instance  a  line  between  New  York 
tni  Philadelphia— where  it  is  of  great  importance;  but  the  excep- 
tional position  of  distance  us  the  one  element  of  cost  of  tians- 
porution  which  is  used  as  a  basis  for  collecting  revenue  makes 
loih  exceptions  rare.    If  the  conditions  were  difEercni — if,  for  ex. 
Jinple,  we  could  charge  the  passengers  we  did  get  more,  because 
Vc  had  sacriliced  the  chance  of  getting  some  otiicrs  in  ordc.    to 
carry  them  more  quickly — all  this  special  pleading  would  fall  to 
the  ground,  and  distance  would  lake  its  true  relative  positi^  « 
with  the  oilier  elements  of  ihc  cost  of  transportation  on  the  basil 
of  cost  alone.     Bui  the  very  fact  that  this  is  not  the  case  seems 
to  have  had  the  effect  of  reversing  a  reasonable  deduction  from 
(be  premises,  in  the  minds  of  the  more  ignorant  and  thoughtless, 
by  leading  to  some  .tuch  hazy  chain  of  reasoning  as  we  noted  in 
the  beginning  of  this  chapter. 

W9.  There  is  another  argument,  of  much  the  same  vague 
kind  as  that  last  lefcffcd  to,  but  of  a  more  reasonable  and  tan- 
gible character,  which  Is  sometimes  brought  up  as  a  reason  for 
saving  distance,  vii.,  the  "uorai.  KrrKCT"  or  a  short  link  in 
helping  to  secure  traffic.  Nor  is  this  argument  wholly  unjusti- 
fied, for  there  arc  numerous  lines  throughout  the  country  which 
do  apparently  suffer  simply  from  the  length  of  their  line  fright- 
ening away  passengers  and  fast-freight  traffic.  We  may  see 
that  this  effect  is  feared  by  the  current  fashion  of  misreprcseui- 
ing  iieography  in  ruiluray  advertising  circulars. 

340.  Many  lines  which  are  not  particularly  direct,  however. 
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do  not  do  this,  and  the  prosperity  ot  a  single  con  spit- iti>»<  line, 
the  New  York  Central  Jb  I  lurlson  River  Railroad,  will  show  that 
there  Is  nothing  in  distance  pure  qnd  simple  to  deter  travel  until. 
•«  in  the  case  of  the  Grand  Trunk  Railway  in  competing  for 
American  business,  the  difference  of  distance  becomes  so  grea^ 
«s  to  seriously  lengthen   the  total  time  of  the  trip — a  rest 
not  commonly  to  be  feared  from  probable  engineering  modifica 
lions  of  any  given  tine.     The  enormouK  proportion  of  the  Nei 
York-Chicago  travel  which  the  New  York  Central  secures  in 
spite  of  being  the  longest  of  three  pruminent  lines  (970  miles 
against  961  by  the  Eirie  and  912  by  the  Pennsylvania),  and  in 
spite  of  taking  passengers  150  miles  north  before  they  begin  ti> 
go  toward  their  destination  at  all,  is  suflicient  proof  that,  if  a 
line   be  equally   comfortable   and   well   managed,   and   makes 
equally  good  through  time  (as  all   lines  do,  for  the  most  part, 
by  general  agTecmciit^  which  ticket  through  at  thv  same  price, 
and  as  any  line  can  successfully  insist  on  doing  when  its  length 
is  not  in  excess  over  10  or  15  per  cent),  it  will  not  suffer  to  any 
'  material  extent  from  this  cause  alone.     That  the  New  York  Cen- 
tral is  no  very  great  sufferer  hardly  needs  further  demonstraiioi 
than  may  be  found  in  various  tables  by  referring  to  the  Index. 
941.  The  difficulty  is  (par.  51)  that  the  lines  least  favored  as  I 
distance  itre  generally  less  de>iralile  in  oilier  respect.^.     There 
are  more  connections  to  make,  less  favorable  through-car  arrange*^, 
mcnls,  a  less  number  of  and  slower  trains,  etc.,  etc.     At  the  ver^^| 
worst,  moreover,  this  objection  only  applies  to  a  very  small  por- 
tion, and  that  the  least  profitable  portion,  of  the  irafllic  of  a  road; 
and  it  does  not  apply  at  all  to  those  small  changes,  of  a  few  mil 
more  or  less,  which  the  engineer  is  most  frequently  called  upo: 
to  consider,  and  to  which  this  chapter  has  mainly  referred. 

242.  The  conclusions  reached  in  this  chapter  have  rarely  been  rccog- 
niicd  In  the  practice  of  cnKinccrs.  but  Instances  arc  not  «-aniing  where 
they  have  been  clear  enough  to  operating  officers.  As  one  Instance  of 
the  latter,  on  the  "Pan  Handle"  road  (Pittsburg. Cincinnati  A  St.  Louis) 
a  tunnel  near  Steubenvlile.  O..  saving  two  miles  of  distance  and  much 
ciirvaiurc.  but  costing  $300,000,  wsts  avoided  bya  temporary  line.  When 
at  last  means  became  sufficient  to  construct  it,  the  general  manager  of. 
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the  line  (Ejected  to  its  construction  on  tbe  ground  that,  even  though  the 
gmter  part  of  their  traffic  was  local  to  the  vast  Pennsylvania  system,  the 
kcs  from  revenue  on  the  two  miles  saved  would  far  more  than  counter- 
balance tbe  saving  in  operating  expenses;  and  proved  it  so  conclusively 
tbat  the  construction  was  for  some  years  postponed.  Subsequently,  on 
iccMntof  the  exceptionally  commanding  position  of  the  Pennsylvania 
nnds,  it  was  believed  that  the  old  distance  could  be  considered  as  con- 
ttnictively  still  existing  so  that  this  loss  would  not  arise,  and  the  tunnel 
*u  built-  Whether  or  noc  this  expectation  has  been  maintained  the 
writer  cannot  ataU,  nor  does  it  afCea  the  force  of  the  example. 
i6 


CHAPTER  Vm. 

CURVATURE. 

943.   I-T  'S   the 

peculiarity  of  cur- 
vaturv  that  all  Its 
ilisjidvaniages  lie 
H(>i>n  llic  surface. 
vi\il>lc  to  every 
I'Vc  and  compre* 
hecisible  by  every 
mim!.  A  hcHvy 
>;nidc  is  very  un- 
obtrusive. The 
most  skilful  and 
observant  eye can- 
not detect  differ- 
""""- ences  of  gTAde 
iMnc  which  decrease  by 
•■  a  large  pertcni- 
*  uge  the  operating 
Vjilue  of  the  line. 
Bui  curves  attract  instant  attention,  and  (heir  (lisadvant;ige!i;ip- 
peal  even  more  ttrongly  to  the  im;iginH(ion  of  the  inexpert  thnn 
to  the  instructed  judgment  of  the  engineer.     A  visible  defect  or 

*  Thii  Etliiilntinii  ihf  wriivr  iHirrovn  (rofn  Ih*  liKiilii));  to  a  ch.ipirr  ini  "  Rsllwn 
OwrtRirti.'iP  ft  jji  Kri^litli  *ntrif*''''^"C  *Wrti.  Whpthpr  «.i  i.ot  ii  tt  a  mcir  Hnry  .krtrfa 
hccannol  •ay;  Irnt  i<  at  kwit  liiu  ■■»  tillle  midmilktudc  to  not  i  firu' aciiinl  "I'rki.  I'he 
qatsUaa  nalnnJIx  ariH^i,  wli»i  ihe  mn-c  In  the  lonpaund  I'  toi,  aorcMly  \l  the  itwplr 
tn  the  mktdk  dmun  i<  *  hint  of  a  tuwn.  or.  U  a  cvm  wj*  ■JHanr.t  nrcnuiy,  why  ii 
•ru  mil  niade  ■  Kttl*  kinti^i.  nim  mty  Ilkdvltr  be  (nunti  in  (In  jiidiin-  ■  liml  »  ir> 
iKr  •ilmt  t.^  iahkh  a  Urpir  vipv^Kliturv  fnr  contlnrdnm  rifn^Btirny  implirBi  a  hrlipr  lin^. 
Tli«  fiitihrr  mnral  which  the  |ii(lurv  is  calnlated  to  tmch  may  b«  Irft  tolke  iiicCQuiij  of 
the  reidet. 
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^tnttT  is  always  more  keenly  appreciated  and  dreaded  thiin  one 
n^ii  it  requires  special  training  \q  detect:  and  since  ilieie  i» 
ilnfsa  natural  tendency  lo  correct  the  faults  n-hicli  every  one 
»m  uad  to  (orgei  ilie  laulls  wliicli  no  one  thinks  of,  it  is  cvi- 
dcadbat  this  simple  Met  must  always  have  a  powerful  if  nndc- 
ntied  intluence  while  hiiinan  nuitire  renuins  what  it  is. 

144.  And  tvlicn  we  come  lo  cunsiiler  what  arc  the  mure  solid 
oti)mtons  to  curvature,  we  tind  at  once  that  a  formidable  and 
Bfldeniably  true  list  of  objections  to  it  may  be  made,  consisting 
dnuny  counts  ;  as  thus  : 

).  It  ijuus  <i  (&ntiJiraNt  l0ii  a/ fewer  and  considerably  more 
n«r  and  lear  of  rulling-stock  and  road-bed,  thus  increasing 
expenses. 

1.  It  Jon  or  may  limii  the  hti^th  oj  trains,  and  thus  still  more 
lncr»*i>  expcnM»>. 

3.  //  iaauj  a  eoMii'iierable  fxfie/iu  /it  extra  ^•althfultieis  an4  tratk- 
M^ttax.  mid  ihu«  iiiditectly  still  more  increases  expenses. 

These  three  are  what  may  he  called  the  definite  and  oositive 

lions  to  curvature.     We  can  rstimnle  them  with  some  de- 

of  certainty  and  exactness.     But  there  are  still  uihers  which 

reesscnlially  indeterminate,  and  which   for  that  very  reason    iJ 

behooves  us  to  examine  into  the  more  closely,  lest  the  haze  of 

luubi  which  unavoidably  surrounds  ihcm  should  on  the  one 

tianil  umliily  uhs<;ure  them,  or,  on  the  other,  have  a  mirai;c-likc 

efieci,  magnifyinK  them  into  undue  itroporiions.     Among  these 

causes  are : 

4.  The  danger  0/  tterailmtnt  it  inereaftd.  and  the  consequences 
'bif  lucb  deraiintcnt  when  it  occurs  are  more  likely  lo  be  scri- 
ms. 

5.  The  danger  of  e^HsioM  is  iiHrtased  by  the  obstruction  of  the 
view. 

ft.  There  is  mere  Jt'^eulty  in  making  lin«,  and  thus  passenger 
tnvel  is  likely  to  be  affected, 

7.  //  injuriously  affe<ts  the  smeelh  riding  0/  ears,  and  tlius  deters 
travel 

8.  //  impresses  the  imagination  ef  travellers  vfilh  a  /eeling  0/  danger 
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emri  if  none  fxistt.  and  thus  in  a.  third  way  aSects  travel  unfavor- 
ably; anil,  firiidly, 

<>.  //  is  more  or  Utt  an  ebslaele  to  the  ute  of  the  /leatieil  and  moit 
^owtr/ut  typ^s  of  engines. 

This  is  a  (ormidiLblc  indictment,  indeed,  and  when  it  Is 
tended  from  curvature  in  the  abstract  to  sharp  curvature  as 
ngainst  cnsy  curvature  it  becomes  still  more  so;  for  there  is 
ilicn  more  wear  and  tear,  more  danger  of  limiting  trains  and 
more  injurious  eflect  upon  the  safety  and  sp«ed  of  trains,  the 
comfort  of  travellers  and  the  reputation  of  the  line. 

349.  U  is  therefore  not  unnatural  that  a  very  general  course 
o(  reasoning  on  the  question  should  be  :  "  Eacli  one  of  these  ob- 
jections lo  curvature  amounts  to  something;  plainly,  iltcrefore, 
tn  the  aggregate  they  must  amount  to  a  great  deal,  although 
no  one  can  ever  determine  exactly  how  much.  If  the  curvature 
be  sharp  they  will  be  several  times  more  serious,  and  in  fact  will 
then  become  entirely  inadmissible  for  such  a  line  as  ours," 
Thence  may  follow,  perhaps  too  quickly,  a  conclusion  in  the  form 
of  an  order  to  the  engineers  who  arc  to  examine  the  country,  to 
ilie  eAect  that  "  the  minimum  radius  of  curvature  permitted  on 
this  line  will  be,"  etc. — an  order  from  which  thereafter  there  will 
be  no  reireat, 

340.  Notwiihstanding  this  plausible  reasoning  and  formidable 
indictment,  it  may  be  said  at  once  that  investigation  seems  to 
indicate  that  the  prevailing  error  in  respect  to  curvature  among 
engineers  is  too  great  dislike  of  curvature,  and  especially  of 
sharp  curvature,  and  too  great  readiness  to  spend  money  to  avoid 
it,  although  a  few  go  to  great  extremes  in  the  other  direction. 
This  conclusion  seems  lo  necessarily  result  from  analysis  in 
detail  of  the  weight  to  which  each  of  the  above  objections  is 
eRlilled;  but  without  presupposing  this,  and  abandoning  all 
prepossessions  in  either  direction,  we  will  consider  each  objection 
to  curvature  as  impartially  as  possible,  beginning  with  what  maj- 
be  called  the  indeterminate  or  imaginative  (but  not  therefors 
imaginary)  objections,  4  to  9,  which  cannot  be  reduced  to  a  ralu- 
Btlon  io  dollars  and  cents. 
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THE    DAMGER   OF   ACCIDENT    FROM    CURVATURE. 

M7.  Railway  accidents  come  from  a  great  variety  of  causes, 
of  niijcli  curvature  is  one.     How  great  a  cause  it  may  be  is  made 
difficult  to  determine   by  the  fact   that  accidents  are  rarely  re- 
ported as  directiy  chargeable  to  curvature,  its  eSect  being  rather 
ro  aggravate  them,  or  to  prevent  timely  discovery  that  there  is 
danjEcr  of  accidents  from  other  causes,  than  to  cause  them  itself. 
Nevertheless  we  can  determine  certain   maximum  and    mini- 
mum limits  fur  its  possible  efiectas  a  contributing  or  aggravat- 
ing cause  of  accidents.     The  total  number  of  accidents  to  trains 
per  year,  of  sufficient  seriousness  to  get  into  the  nevvspapei'S,  as 
shown  by  tiie  best  available  statistics  (which  are  very  imperfect), 
is  given  in  Table  99  for  some  thirteen  years  past,  with  some  fur- 
ther details  as  to  accidents  in  Table  100;  and   by  comparison  of 
tbese  statistics  for  the  eight  years  ending  vvitli   18S0,  accidents 
appear  to  have  occurred  very  nearly  at  the  following  rate,  for 
the  railway  system  existing  in  1880; 

Collisions, 400,  causing  120  deaths  and  430  injuries. 

Derailments,.     .     .     .  800  "         150      "  "     530        " 

Other  train  accidents,     80         "  30      "  "       40        " 


1,280 


300 


Of  the  collisions,  about  5  per  cent  are  crossing  co)lisions,  not 
likciy  lo  be  afitecled  by  curvature.  It  is  possible  to  conceive, 
however,  that  any  one  of  the  400  collisions  might  be  injuriously 
affected,  if  not  caused,  thereby. 

Of  the  derailments,  about 

as  per  cent  come  from  broken  or  loose  rails, 

8         "  "  "  cattle  on  track, 

5         "  "  "  washouts, 

13        "  "  "  accidental  and  malicious  obstruction, 

16        "  «  II  misplaced  switches,  and 

j4        "  «  II  other  miscellaneous  causes  not  likely  t> 

' —  be  affected  in  any  way  by  curvati"-*. 

100  per  cent  in  all. 
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Table  tOO. 

Casualtiu  Caitsbd  by  the  Difpekest  Classes  of  Accidbnts  for  Sevbn 

Yeaks, 

KilUd. 


In  ColUdooi. 

Id  Denilmenu. 

Id  Other  Ace. 

TdUI. 

IS8 
173 

177 
309 
156 

141 
19a 

3ag 
200 
190 
"43 
97 

S 

as 

17 

3 

15 

16 

4 

307 
389 
473 
380 
414 
315 
19s 

170 

rjo 

13 

353 

Injtirtd. 


547 
614 
716 

578 
56s 
41a 
aB6 

963 
1, 06a 
1. 14s 

975 
995 

7'4 
389 

20 

74 
49 

3S 
37 
46 

34 

I.S30 
1,760 
t.910 

1.588 

1.597 

1,17a 

709 

IB8I 

533 

S93 

4a 

1,467 

Of  (be  i,ai7  acddeats  reported  in  igS;,  193  caused  the  death  of  one  or  more  person* 
each,  while  183  caused  injur]'  to  persons  but  not  death  ;  a  total  of  475  accidents,  leaving 
74a,  or  61  per  cent  of  the  vhtde  number,  in  which  there  was  no  injury  to  persons  coo- 
tidered  serious  enough  for  record. 

The  accidents  recorded  in  18S6  were  about  three  tor  every  1,000,000  train  miles,  and 
were  divided,  according  to  their  nature  and  the  classes  of  trains,  as  follows  : 


Acciniim. 

Collisions- 

Derailments. 

Other. 

Total. 

To  a  passenger  and  a  freight 

47 

loa 
3'5 

"47 

434 

SI 

ai 

345 

102 
770 

464 

6S1 

7a 

r.ai7 

Allowing  (wo  traitu  in  each  collision,  this  shows  accidents  to  a  total  of  1,681  trains, 
of  whkb494,  or  39  per  cent,  were  pasienetr  trains,  and  1,187,  or  7'  percent,  were  freight 
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(Ml   TMi  n  vtry  mtirriallj  Ion  ihaa  the  mw  proportion  of  (rtij[bl-lrMn  •cci(lml^.  if 
KoinWQl  «n  hladi  mn  liwluded,  bul  It  trtdude*  >  laigt  proportion  of  tho<c  ItivoMnc 
MrfUfOr  t(ry  trri'Ki*  <)ain>i;r. 
QhMM  bj  nKHiih*,  the  accrrxUM  of  iti*  nported  Irua  uddcnls  of  the  til  yttn 


WiM>r  IIdpUs. 

Spring  Moothi, 

SuntDCT  MonlhA. 

P>1)  MonltiL 

Dec     «ej 
Ua,     88s 

F«b.    sta 

iHL.....  ■.381 

RttfM.  .     30.0 

March,  630 
Ap«il.    490 
M«y.    483 

1.593 
20.0 

June.  438 

July.    SS6 
Aug.    705 

1.699 
■I.J 

Sept.      770 
Oct,       789 
Nov     J17 

a.  a?* 
J8.7 

H0-  There  were  in  the  United  Stales  in  the  year  tSSo  about 
fMM  miles  of  railroad  in  operation,  employing  about  450,000 
■CD,  und  over  which  some  5,000,000,000  passenger-roilcs  were 
ns  each  year  and  perhaps  2, 000,000, two  or  more  employ^  or 
(r«-pass  rnilc^.  counting  both  passenger  and  freight  service,  the 
number  of  freight  trains  being  at  least  three  times  greater  than 
passenger  trains. 

The  ntjmber  of  curves  will  average  considerably  over  one 
per  mile,  as  shown  in  Ihe  following  Tables  toi  to  104  (sec  es- 
pecially summary  to  Table  101,  page  163),  or  say  al  least  1  i8,oco 
for  the  whole  United  States.  This  is  almost  certainly  not  an 
over-estimate. 

149.  Performing,  then,  the  simple  arithmetical  operation  of 
dividing  128,000  curves  by  12S0  annual  accidenis  and  by  Die 
given  number  of  deaths  and  injuries,  we  find  that  if  all  train  ac- 
cidents urhich  are  serious  enough  10  get  Into  the  newspapers 
were  justly  chargeable  to  curvature  and  to  nothing  else,  there 
would  be  on  an  average  one  such  accident  per  year  for  every  100 
curves,  one  death  for  every  417  curves,  and  mie  injury  for  every 
118  curves.  To  present  the  meaning  of  these  Hgnres  in  a  clear 
May:  If  all  train  accidents  were  caused  by  curvature  alone,  there 
would  on  any  tine  given  curve  be  an  accident  of  some  kind  worth 
niittce  in  the  public  press  once  in  100  years,  a  passenger  or  em- 
ploy6  killed  once  in  427  years,  and  a  passenger  or  employ^  in* 
iiircil  i.nce  in  128  years. 
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390>  Such  an  exaggeration  of  the  effects  of  curvature,  how- 
ever, is  of  course  wholly  beyond  reason.  It  does  not  appear 
probable  from  the  record  of  Tables  99  and  too  that  more  than 
hdlf  tlic  individual  accidents  are  of  such  a  nature  as  to  have 
been  at  all  modified  or  aSccted  by  curvature,  and  of  (hose  which 
ArK  likely  to  be  at  times  so  affected — such  as  collisions,  broken 
rails,  cattle  on  track,  washouts,  landslides,  breaking  in  two  of 
trains,  etc,  etc. — a  large  percentage  are  well  known  lo  arise 
from  causes  which  the  alignment  would  not  greatly  aflect,  such 
OB  frogs,  misplnced  switches,  accidents  lo  running  gear,  etc.,  atid 
others  arc  only  likely  to  be  aggravated  by  curvature,  ll  is  ex- 
tremely doubtful,  therefore,  if  more  than  30  or  4«  per  cent  of 
train  accidents  are  in  any  measurable  degree  modified  or  af- 
fected by  curvature  ;  and  in  many  of  tliese  the  effect  is  so  slight 
or  so  doubtful,  that  if  we  were  to  a*siime  that  from  15  to  ao  per 
cent  of  all  accidents  are  wholly  caused  by  curvature,  it  would 
probably  be  giving  it  its  full  weight.  It  will  be  safer,  however, 
especially  as  our  record  is  not  entirely  satisfactory,  to  assume  as 
a  mean  of  possible  extremes  that  15  per  cent  of  the  accidents 
are  caused  by  curvature,  and  curvature  alone. 

3&I.  In  that  case  wc  shall  have  on  any  one  particular  curve, 
and  caused  by  that  curvc^ 

A  train  accident  serious  enough  to  be  fflcntioned  id  tha 
newspapers  once  in  400  years: 

A  passenger  or  efnploy6  killed  once  in  1708  years; 

A  passenger  or  employ^  seriously  injured  once  in  512  years. 

If  we  make,  now,  some  simple  computations  in  compound 
interest  (Table  17,  p,  80)  we  reach  iome  nither  iurprising  results: 

We  find  that  if  we  were  lo  invest  one  dollar  at  4  per  cent 
compound  interest  at  the  time  of  construction  we  should  have 
$6,506,088  to  repair  the  damage  arising  from  the  first  serious 
accident  occurring  on  any  given  curve,  and  caused  by  the  fact 
that  It  was  a  curve  instead  of  a  straight  line  ;  $:536,>ot,500  with 
which  to  heal  the  wounds  of  the  first  man  injured  ;  and  a  sum 
an  innumerable  number  of  million  times  greater  than  the  last 
again  (being  what  it  would  amount  to  at  compound  interest  in 
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Itf6  years)  as  a  (unci  whercu'itli  to  aisuage  the  grief  of  the 
(tepenrleni  survivors  of  the  first  man  kiiied, 

Ounge  ilie»<;  figures  a%  we  will,  iind  keep  wilhin  llie  bounds 
ol reason,  and  wc  stuili  yel  find  ttie  rcsuk  substantially  the  same. 
JU.  Nevertheless,  an  accident  of  the  most  terrible  descrip- 
tion may  happen  within  a  week  on  any  curve,  and  be  directly 
(sgsed    thereby.      On  some  one  of   the    ii!<,ooa  curves  in  the 
I'irlted  States  it  probably  will.     Accidents  of  some  gravity  are 
toniinually  reported  which  appear  to  have  been  due  to  or  to 
lure  been  aggravated  by  curvature,  and  more  than  one  such  per 
dif  must  happen  in  the  United  Slates  by  our  assumptions.     It 
tiafto  undeniable  that  all  curves  arc  not  by  any  means  equally 
dungerous.      When  very  sharp  and  on  heavy  grades  ihcy  arc 
naierially  more  dangerous  Diun  elsewhere.     But  on  the  whole, 
and  within    the  limits  of  ordinary'  and  reasonable   practice,  It 
would  almost   appear,  as  if,  even    il  the  question  were  simply 
curvature  or  no  curi-ature,  the  only  proper  conclusion  would  be 
that  the  question  of  safety  was  not  cnilllcd  to  any  weight  what* 
ever  in  deciding  on  Ihc  tine  to  be  adopted  or  the  expenditure  to 
be  incurred.     Only  when  all  other  considerutiuns  were  equally 
b.)luiiced  should  it  be  made  Ihe  ground  of  a  decision. 

393.  But  the  bald  question,  curvature  or  no  curvature,  never 
il  ihe  question  before  the  engineer.  The  general  character  of 
the  line  is  irrevocably  fixed  by  the  topographical  conditions. 
Me  is  not  called  upon  to  decide  between  the  crooked  solid  line 
and  the  straight  dotted  line  in  Fig.  15,  but  between  a  little  more 
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and  a  little  less  curvature  as  indicated  by  the  solid  and   nearly 
parallel  dotted  line. 

If  we  could  eliminate  all  curvature  from  railways  we  might 
perhaps  decrease  by  >s  or  50  per  cent  the  danger  to  life  and 
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propet-iy.  But  ihU  ix  piiiciiciilly  impossible:  and  a&  beivvcen 
Ihe  common  case— »ucli  iiliciniiit:  iiiits  as  are  shown  in  Fig.  15. 
— let  ihe  i-cMtier  puiisc  fur  u  iiiumcni  utxl  intelligt-nily  cun^ider, 
/>^A  what  the  pt'ububiliiics  arc  of  an  ncciitcnt  011  either  line  due 
lo  tili  Us  curvature,  and,  ui^ntiiy,  what  ihc  danucr  amounts  lu 
oi  an  accident  on  the  one  line  due  to  the  difference  in  its  currn* 
lure  from  the  other?  For  example,  we  have  in  Fig.  16  a  view 
of  one  of  the  famous  accidents  of  18S5  (the  Monte  CutIo  dU< 
aster),  which  m«y  he  said  lo  have  been  entirely  chargeulile  in 
curvature  in  one  sense,  because  the  crookedness  of  the  line  pie- 
vcnted  the  two  appro8cliing  trains  from  seeinfi;  each  other,  and 
ttiiH  on  a  line  where  enormous  sums  were  spent  <o  avoid  curva- 
ture or  lo  increase  its  radius,  and  on  tlie  very  lop  of  one  of  the 
most  costly  work*  for  thill  purpose — the  immense  ret^iining-wall 
shown  in  that  victv.  Huw  much  w<is  the  diinger  of  accident 
diminished  by  lUcsc  works  below  what  would  have  existed  had 
the  line  been  more  closely  filled  to  ihe  contour  by  throwing  it 
back  on  to  the  solid  in  the  view,  at  the  necessary  cost  o(  some- 
wliai  marc  and  somewhat  sharper  curvature  ? 

354.  This  qucsiion  is  so  important  that  it  seemed  essentiitl 
to  make  the  facts  entirely  clear.  A  natural  and  commendable 
avci'sion  to  anything  which  seems  10  imperil  life  and  limb  may 
lead  to  a  dissent  from  the  above  conclusions  on  general  prin- 
ciples, as  somewhere  involving  a  (ulhicy,  but  ihat  they  are 
practically  true  seems  to  be  proved  positively  in  another  way~ 
by  the  immunity  from  accident  which  many  very  ci-ooked  lines 
enjoy  in  common  with  more  fortunaic  rivals,  and  by  the  fact 
that  the  number  of  accidents  is  certainly  no  greater  (in  fact  it 
appears  from  the  Uisi  (rKSo)  census  to  be  some  18  times  less)  in 
the  Stales  east  of  Ohio  which  have  two  or  three  curves  lo  the 
mile,  than  in  the  Stales  west  uf  Ohio  which  have  a  curve  only 
every  two  or  three  miles,  as  an  average. 

2M.  Unfortunately,  from  the  very  fact  that  curvature  ^lays 
so  small  a  part  as  a  cause  of  accident,  no  general  statistics  can 
be  given  as  to  the  number  of  cases  in  which  it  does  have  an  in* 
fluencc;  but  a  very  interesting  little  volume  by  Charles  Francis 
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Adams.  Jr.,  on  "Railroad  Accidents"  supplies  lliis  delect  in 
measure.     Mr.  .Adams  gives  the  details  of  many  of  llie  more^ 
noiuble,  or  nillicr  typical,  accidents  which  huve  occurred  ia  the 
history  of  railways, — some  41  in  all, — and  app^irenily  by  mere 
accident  spectlies  the  character  of  the  alignment  in  almost  every 
case.     Out  of  these  llierc  were 

8  accidents  on  curves,  kilting  153,  injuring  497;  total,  750 


14         "           "    Ungents, "       604,        ■' 

H03; 

"    IJ07 

to         "         unspecified. 

Dcathf. 

Injuries. 

Average  per  accident  on  cnrves. 

3'6 

63.1 

"          "         "          '■    tangents, 

352 

46.0 

This  is  tnerc  chance  collection,  and  proves  nothing  dclinite, 
especially  as  a  number  uf  bridge  and  other  accidents  are  in* 
eluded,  Willi  which  curvature  or  the  lack  o(  it  had  noihinji  what- 
ever to  do.  It  is  pci  haps  notcwonhy,  however,  that  the  proper- 
tionof  accidents  occwrri tig  on  curves  (about  one  fourth)  is  hardly 
so  great  as  mis'it  be  expected  if  it  were  a  pure  mailer  of  chance 
whether  accidents  occurred  on  tant;cnts  or  curves.  Several  ter- 
rible collisions  occurred  "  when  rounding  curves:"  but  fog  seems 
to  be  u  »till  more  fniilful  cnose,  uk  at  Revere,  Mass.;  and  not  <i 
few  arc  due  to  pure  and  niter  carelessness,  as  in  the  frightful 
accident  on  the  Richelieu  River  in  Canada,  one  of  the  most  de- 
structive on  record,  about  one  hundred  having  been  killed  ou 
right  und  several  hundred  injured.  In  this  case  the  cngineman 
ran  into  an  open  drawbridge  on  n  long  straight  line  {.1*  seems 
clear  from  the  text)  past  a  danger  signal  in  fuil  view  1600  feet 
from  the  bridge. 

396i  Still,  we  have  fog  and  carelessness  always  with  us.  o\ 
course,  whether  on  cnrves  or  tangents,  nnil  such  risk  as  there 
may  be  from  curvature  is  in  addition  theretOi  so  that  these 
Instances  of  terrible  catastrophe*  nn  tangents  do  not  even  tend 
to  prove  directly  that  curvature  is  a  trifling  cause  of  accident; 
but  what  they  do  prove  is  that  the  unfamiliar  and  occasional  i» 
the  most  fruitful  source  of  accidenL     The  drawbridge  signal  ia 
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tbelast  accident  recorded  was  not  looked  fur,  because  the  draw 
iru  nirely  open;  and  in  the  same  way  ii  is  prulmblc  that  the 
^rtiier  feeling;  of  danger  and  mure  constatu  caution  which 
tpnejp  from  the  existence  of  ciirvaturc.  utui  more  especially  o( 
much  curvature,  malces  it  in  some  mciisiirc  a  safeguard  against 
iMiiIents  as  well  .is  a  cause  thereof.  Only  in  this  way  can  he 
nplajncd  the  undeniable  safety  with  which,  as  a  matter  of  (act, 
Hocrotis  very  crooked  roads  are  operated. 

157.  To  illustrate  this  possible  danger  from  carelessness: 
There  are  several  hundred  miles  of  the  Union  Pacific  Railroad 
on  which  there  is  practically  no  break  of  either  line  or  grade, 
but  trains  rise  into  view  on  the  horixon  as  at  sea.  As  a  very 
nilural  consequence,  it  was  at  one  time,  and  perhaps  in  less 
il<grce  is  yet,  the  custom  to  operate  the  road  with  almost  entire 
indifference  to  time-tables  or  train-orders.  When  an  opposing 
train  *■  hove  in  sight"  both  made  for  the  passing  point  whicli  hap- 
pened to  be  nearest  between  them,  and  if  their  idea  as  to  where 
this  point  was  happened  to  be  different,  one  or  the  uilier  would 
"back  out."  Such  conditions  as  these  seem  lo  alford  Uie  ve plus 
aitra  of  safely,  yet  if  it  prevailed  on  all  railways  it  may  be 
gravely  questioned  whether  it  would  on  the  whole  add  miicli.  if 
anything,  to  the  average  safety  of  railway  travelling;  fot  :he 
feeling  of  security  and  habit  of  carelessness  which  would  thus  be 
'  engendered  in  employes  of  cvcrj-  grade  would  be  apt  to  lead  in 
emergencies  to  the  most  terrible  consequences.  Such  contlu- 
genctes,  for  instance,  as  dense  fogs  or  sudden  snow-storms  or  a 
cinder  in  the  engincman's  eye,  or  a  doxen  other  possibilities, 
would  be  almost  certain  to  bring  ahoiil  occasional  accidents 
which,  under  conditions  exacting  greater  habiluul  vigilance, 
would  not  have  occurred. 

258.  Even  in  the  cases  of  derailment  mentioned  in  Mr. 
Adams'  book  it  is  diHiciili  to  detect  much  cITecl  from  curvature. 
Ttie  disastrous  derailment  from  a  broken  rail  at  Can's  Rock,  on 
the  Erie  Railway,  occurred  indeed  on  a  sharp  curve  on  the  edge 
of  a  precipice;  (on  a  division  where  nearly  the  whole  tine  is  of 
this  description);  but  another  one,  precisely  like  it,  occurred  in 
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the  immediate  vicinity,  ten  years  belorc,  on  a  peWectly  straigbt 
piece  of  track,  which  is  something  pretty  hard  to  find  in  that 
locality.  These  arc  the  two  most  wrious  accidents  which  have 
ever  (iSSi)  occurred  from  this  cause  on  that  section  of  the  road. 
In  the  lirst  Instance, on  a  curve,  24  were  killed  and  80  injured;  in 
Ifie  second  instance,  on  a  tangent,  only  6  killed  and  50  Injured: 
but  the  difference  is  due,  not  to  llie  alignment,  but  to  the  differ- 
ence in  the  height  of  the  precipice — 30  feet  in  one  case  and  80 
feet  in  the  other. 

259.  A  very  common  error  with  regard  to  broken-rail  accidents  re* 
quires  correction  here.  There  is  not  a  {>nrlicle  o(  evidence— or  certainly 
none  of  much  moment  or  weight — tending  to  Hh'.nv  that  curvature  notioc* 
ably  increases  the  liabiliiy  of  bn;;ikagc  or  «\en  the  consequences  thereof- 
As  rcspecu  the  former,  it  Is  almost  |>urcly  a  matter  of  the  condtlioa 
of  road-bed  and  of  chance  di^fecu.  Tliua  the  records  kc;it  by  the  Raii' 
r^td  (j^titt(f  show  tliat  such  accidents  are  nearly  nine  timca  as  numerous 
In  tlic  winter  months  as  in  the  summer,  there  having  been  of  no(iceabl| 
(ccldcnts  caused  liy  broken  tall*  dutinji  the  eight  years  1873-80: 
(unuary.  February,  and  March.  168  ;  in  July,  Auiiuxt.  and  September. 

The  consequences  of  a  n>iitch  road-bed  or  uf  the  tciupcnilure  uf  the 
metal,  or  both,  being  so  very  noticeable,  it  is  dearly  indicated  that  it 

the  hammcr>like  effect  u(  the  locomolit 
rather  than  any  direct  prnKiurc,  which 
causes  the  breakage :  and  this  is  not  in* 
creased  by  c«r*-atute :  it  is  rather  d«« 
creased.  On  .1  tangent  a  train  impinges 
OKuinii  tlic  Tails  witli  a  grest  de;>I  of  force 
from  one  side  10  the  otlicr  alicrnaicly. 
On  a  curve  every  truck  in  the  tiain  tends 
rather  to  hug  the  ouKidc  r.iil  with  ih« 
front  outer  wheel — in  a  manner  shown  in 
Fig.  17.  of  which  we  shnll  spcnk  more 
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fully  shortly— both  the  Inner  wheels  standing  clear  of  t)ic  rail ;  white  the 
driving  wheel-base  is  ppiscncd  by  the  truck  from  impinKing  against 
either  rai!  with  anything  like  its  natural  force.  For  these  s.inic  reasons 
•  broken  rail  on  the  inside  of  a  curve  is  noticeably  Irss  likely  to  cause 
a  derailment  than  if  on  a  tan){ent:  while  a  broken  rail  an  the  Duuidc. 
tithoujch  ii  is  of  course  jjreaily  more  dangerous  than  on  a  tangent,  is 
not  «■■  niucli  so  as  might  seem— for  the  reason  that,  even  on  a  tangent. 
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■DCMoeciraek  In  the  train  Is  likely  to  itnpinf;e  at  just  the  right  spot  tn 
euw  denilment.  nnd  one  truck  off  is  nearly  as  ellectual  as  a  doEcn  to 
(»>cacu:;iatr'>ptic. 

But  li  ilrrailmcnt  dors  occur  there  la  certainly  more  danger  on  a 
cnnt  than  on  a  tangent,  and  in  numerous  otiier  wniys.  which  uppcul  ver)> 
«raaf;ly  both  to  the  imagination  and  the  jiidgniciii.  curvature  Is  a  real 
■own  n{  danger ;  and  of  counte  the  xhurpcr  it  \^.  iind  the  more  of  It 
ikn  is,  the  morx;  d-in^er  there  is.  Those  who  maini.ijn  that  it  ^ould 
iboefore  constitute  a  serious  element  in  the  problem  ot  Liyirgoui  a  n>ad 
Ine  the  be»t  u(  the  ar^ment  so  Ion);  .is  it  is  coniinrd  to  gcncrslicics. 
Tkir  case  only  becomes  weak  when  we  consider  its  force  in  detail. 

ICO.  The  irttth  is  that  nothing  but  u  stanOing  miracle  keeps 
<illicr  curvature  or  any  other  of  a  do):en  Cjiii:«cs  of  accident  from 
being  a  fruitful  source  of  disiistcr.  The  mjirvcllous  safety  of 
nilar^y  travel  in  the  fiice  of  such  numbeilcss  chances  fordisa» 
leri»  onK  of  the  mo§t  impressive  triumphs  of  human  care  <ind 
skill.  .111(1  U  is  this  fact  alone  which  givirs  our  itrgLiment  any 
force  whatever.  No  one  could  have  foreseen  it,  and  hardly  any 
(IOC can  fully  realize  it:  but  the  fact  being  as  it  is,  true  wisdom 
requires  that  we  should  recognize  its  consequences,  and  not 
Insist  on  trusting  to  Uie  iiiugi nation  for  arguments  iii  a  purely 
practical  question. 

Mr.  .'\dams  has  very  effectively  expressed  this  marvellous 
safety  in  a  pithy  sentence,  by  sayiofj.  that  "  the  cnanccs  of  acci- 
dent in  railroad  travelling  arc  so  small  that  they  arc  not  materi* 
ally  increased  by  any  amount  of  tiavcllinj;  which  can  be  iiccom> 
plished  ivilliin  the  limits  of  u  litiman  life."  He  proceeds  wiih 
the  following  interesting  comparnlive  statistics: 

760d.  "  During  ihe  four  years  1875-8  only  I  passenger  was  killed 
from  cause?  beyond  his  own  coniml  in  Mi»s«achu setts,  and  only  10  in- 
jurrd.  Vet  during  the  year  1878  ntone.  excluding  oil  cases  of  mere 
injury-  of  whkh  i»o  account  wns  m.idc.  no  lc«s  ihnn  53  persons  came  to 
uidrdcatli  in  Boston  alone  ftnm  falling  down-siaira  and  37  more  from 
litiiioE  out  of  window*;  7  were  scalded  to  death.  In  the  year  1874.  17 
were  hUlnl  by  bein([  run  over  by  tcara:i.  and  the  pastime  of  coasting  was 
nmed  on  at  the  cost  of  to  lives  more.  Ourins  the  five  years  iE74-^ 
tiiere  were  more  iiersoos  murdered  in  the  city  of  Boston  alone  ihan  lost 
tbcir  lives  i>5  passengers  through  the  negliijcnce  of  all  the  railroad  cor- 
»7 
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|x>iatloii5  ill  ihe  whole  State  of  Massacliu<'Mts  during  Ihe  nicic  vcan 
1871-8.  which  included  ihc  R«verc  and  Woli^iwon  disnsicrs,  in  which  50 
people  lo*i  ihcir  lives.  Neither  are  the  coiniiarativc  rcstilis  licrc  staled 
in  any  respect  novel,  or  pcculi.ir  10  MassachtiscUs :  jcnrs  ago  il  wm  ofli- 
cislly  announced  in  France  that  {>eopie  n-erc  tcM  miIc  in  their  own  bomca 
than  when  travelling  on  railroads;  and.  in  support  of  thiii  xomeirhat 
startling  proposition,  ntstintic^t  were  prnducetl  xliuwin^'  14  case*  of  death 
of  petsonx  remaining  at  home  and  then:  fallini*  over  carpets,  or  in  the 
case  of  females  having  tlieir  Kurn'^^ni.s  catch  riru.  to  10  deaths  on  llie_ 
roil.    Even  the  i^aine  of  cricket  counted  8  victims  to  the  railways'  la" 

260/'.  All  these  f.icts  agree  in  in<3ic3ling  the  conclusion  that 
Jiltlioiigh  curvature  is  a  considerable  source  of  danger,  yet  il  is 
even  then  so  little  dangerous  to  life  and  propcny  thai  we  ere 
not  justified  in  giving  any  financial  weight  whatever  10  this 
argument  aguinst  it,  unless  under  peculiar  circumstances,  or  as 
a  makeweight  when  all  other  consideration*  arc  exactly  ba| 
anccd.  The  case  is  entirely  dificrcnt.  for  reasons  wc  cannot  takft — , 
space  10  discuss  at  length,  from  the  defects  in  operating  details 
which  people  rightly  insist  should  be  corrected  even  at  a  large 
Immediate  expenditure. 

Before  procecilinK  lurther  wilh  ihe  dlseuMlan  of  the  question  of  ^rvature 
it  iniijt  t>c  well  to  explain  just  nhnt  is  meant  by  the  term  "  the  d*sree  uf  a 
curve."  which  we  ihull  have  (tequcot  ocusion  to  uie.  for  the  benefit  of  loMico 

icnilcrs  if  lor  no  Olhert. 

361.  Mranino  or  the  Tekm  "  Dcgus  of  Cukve."— The  unircrval  method 
in  America  of  exprtssing  Che  sharpness  of  curvaiorc  is  not  by  giving  the  tadiua, 
bul  by  (he  "decree  of  the  cnive"  of  number  of  degrees  of  ccairal  angle,  sub- 
(ended  byachord  of  loo  (t, ;  ir,.  by  Ihr  HnuuUc  change  in  (jirr<ii<in  nl  Ihe  curv« 
fn  the  dittincB  fiuhtcnded  by  a  chord  of  too  ft.  If  the  central  >u\g,\t  be  i*.  Ui« 
rsdiu9  is  readily  computed  as  5719.6;  ft.,  which  Is  the  radius  of  ■  onk-ukcbiw 
Ci;ave.  taken  In  practical  work  as  S7.w  ft, 

Except  n*  the  Icnifih  of  itic  are  bears  a  varying  ratio  (o  Ihe  lcni;Ih  of  ihe 
subtending  chord  in  curves  of  different  radii,  it  Is  readily  shown  geometrlcallr 
(hoi  Ihe  rodiui  is  inversely  proportional  10  the  degree  of  cuivaturc;  and  this  is 
so  neatly  true  in  (act  up  to  the  limit  of  an  3'  curve  (within  •  tniAll  fraction  of  a 
foot)  that  it  i«  almo«l  universally  customary  In  the  best  practice  to  record  the 
■  adius  of  a  i'  curve  as  {730  fi  .  and  ID  dctemiiae  the  radius  ol  ciirrc*  of  otnci 


"degrees"  by  tbe  approximate  forinala. 
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STinmci  Of  GiiAUEs  anp  Cukvaturb  on  tub  RAtLWAVS  or.TiuKoaTB- 
EASTEax  Ukitbd  Statu. 
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New  York. 


AIb.*S«a  

BiiS.K.  Y.Apbib... 

lli-j 

SI 

..j4 
1.14 

;:£ 

O.I« 

l.J« 

3«.» 
»4  I 

64 1; 

•'.3 

'Si 

0.0 
O-O 
I.S 

0.5 

13. • 

4, a 

1.6 

7»-»« 

!«»-41 
H-M 

•  1-  M+ 
40-  S» 

"   CSrr,  10  Rack).., 

,.*., 

>>-l 

ifi.o* 

M.t 

7,1 

71 

k.V.«Hul«i  

w       - 

X(ni  A  Sution 

R-cH   4  Slatr  Uk.... 

lO)  « 
'>!  9 

ID' 
■•'  f 
7T>B 

LIT 
l,«7 

1.44 
t  »( 
'17 
I.M 

14.  r 

3:: 

J..O' 
^4* 

J'  J* 

II. ( 
K.7 
39. 7 
Jl.o 
■  >.( 

11. e 

!■' 
»  I 

4.5 
'7 
4.3 
1.6 

"  i 

8-4 
II. 9 

4  S 

'.; 
"-S 

?■' 

19-  IB- 
S'- «» 
Jl 

T-''*  ^4  anil  4* -... 

•«7 

I'-J 

41    4* 

J  < 

7.6 

&n- t>"*i  AM.  Y.... 

VtmAB   RiTW,   .... 

>lt.e 

0.^ 
t.fe 
t.iA 

•  ■It 
t-ii 

"1 
M  • 
■4,1 

.7.0* 
Jl.fi* 

"7.1* 

*.»; 

"IT* 
U7- 

ji.j 

T.» 

09 

1' 

6.» 

!■* 
.1:1 
"I 

■  I.B 

5' 

J7-»* 
I?..-,,, 

)17.» 

1.(1 

•J.» 

H.« 

71 

91 

■  Tbi  ee*»—  "  Ri*c  Pc'  Miiv"  fHa  the  iKrac*  '■''""  o'  fnc  Tver  the  fill  ^m  one  mile* 
Th*  MOl  eelsaa  ftva  the  fm  ai  nv  ^n4  f  aII,  TTiuk.  if  a  roa^l  ro>c  \'if'  U  arid  frit  *vk  la  re* 
■lkC*,M  ■"■*«  bt  clTrn  ibnvr  At  ^'ftls^  FVr   ^\\t,  j.o,"  "  Riv  And    P^II,   f.o,"     Tb*  b«] 


2«0 


CHAP.  VUl.—CURVATVft&-AMOUNT  OF. 


Mtin 

Rowl. 

1 

CVSTATUH.                                                    GuUMk 

1 

Mun  M  fioAU. 

Cum 

HIU. 

P.C. 
Cur*nl. 

Mile 

P.C. 
L(*cl. 

1 
1 

M>lt.> 

■nd 
Milt* 

•It.. 

•  .!« 

10.J 

■4  4 

■■.3 

..-.• 

•  I.) 

■11 

PKiiic«n.VA!cu. 


Cn»l>  V«tk)r. ........ 

LtIi  1(1.  Valley     ..  .... 

II). o 

H4.0 
11  * 
*■>■* 

IJT.I 

•  » 

■4. A 

«• 
41.1 

l«(* 
84.0" 
IVO.9* 

Ml.** 

•  » 

4« 

it.l 

IV  « 

■»  I 

4.« 

■Ji 

>.« 
»j 
» 4 
It. 9 

"i 

*-7 

•»-5l 

M-4» 
V,'  J». 

•1-  •»+ 

HTCmi 

Taulta*^  >r  

>.■■ 

Id 

i.ti 
jia 

VI* 

li!::: 
iS:: 

•*.» 

•■• 

hailL.  .Sllil.  (XT 

-       WO...   ... 

KlU. «  KrM 

-    (SumibIi  S<«ilDa; 
tViLaCixiMll..    .... 

ilO.r 

M.t 
II. a 

s> 

41  = 
ja.i 

4(4 

-*'  1- 

'r4 

«■.» 

It.a 

•  l.f 

■  ■> 

W-» 

ti.a 

J* 
•J 

•  * 

"J 
«<■ 
1* 

•»-  sH- 

41-  •) 
"-  '4+ 

J»-  •»+ 

•^«-< 

»■« 

■tfl 

J. 

\ 

CwDpan  Sanmwj  ol  TaiUc  ia>,  wlili  aotc 


d 


CHAP.  yi/I.~CUJiyATUJl£—AMOVXT  OF. 
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IWaitlOlci  which  appear  la  llil*  and  (he  (ollowtDe  Tablet  loi.  loj,  ui«  nrc  rom- 
pUi4  ^  Iba  oriMr  Irani  tima  to  Uifin  (ram  ilioiiilttin  which  wm«  gaihicnil  for  a  Urp 
pMtl  Ito  wBKmgt  o(  Uu  United  SlalM  fa;  the  Cfiiws  of  1880.  and  thrown  Inio  the  oni* 
» tfOM  In  *■  tMUrif  valudCM  coDdiUoii,  vjihout  even  tMinc  couled.  Kot  much  raa 
ht  tat  >flh  ibam  at  bnt,  ai  the  blank  wai  nut  prtipcrljr  prvpartd  ;  but  M  they  arc  a 
Mt*d  vtlicb  aiitfi  Dutrhna  tbr,  and  is  nry  ua*(ul  In  a  <*itain  wajr.  Avf  have  been  in 
pMbcngm*.  The  n^KHied  "muimum  erad«"muxl  be  received  vith  ■  kt»(  deal 
4  Wfkioii,  aawMne  of  them  arc  piuher  criulu  lUid  uime  of  them  only  a  Irw  hnndrMl 
iMlMc.  Tin  Uiikinic  (icru  ul  «v«ae«  ^iBde  in  the  pralii:  Stale*  over  what  niw* 
kat  CiM  ladaar  toouch,  aod  aa  oadaobwd  fact. 


Table  t02. 

Sunsncs  or  C&adu  amd  CuavATumi  on  tiii  Railways  op  the  Koktb 
CmntAL  STATVt. 


(CoBpuled  IroD  the  Cteaa  Slaliatlci  of  itAt.   See  note  to  Table  ibi.] 
Ohio  akh  Induka. 


Milei 
of 

RMd. 

CU**11TI'K(. 

Gradea. 

Curvn 
!■« 

Hlle. 

P.  C- 
Currcil 

Deg. 
Mile. 

P,C. 
Lciel. 

Rite 
l'*f 

Mile.* 

RiK 

vtn 

per 
Mile,* 

•3-7 
7-3 

li 
)B 
10  3 

Rutins 

(iiulet. 

Cie^W>h.AUkh  ... 

■■    (Ind.  Bndl 

CM.  A  Mil 

C.,  Ui  V  A  Del 

C.Tii»e.  V,*W. 

Btwmi.AT.  H 

rtw.M.*ODc.... 

■  >B.I 

l]9  1 

■04. * 

»  li 
4. 05 

1.90 
■  .>9 

o.fio 

0.0 
■•1 

S:J 
»■■» 

»-o 
IS-I 
f>4 

t.e* 

«.T* 
4> 

1;; 

S.I 

110 

J.i 
15 1 

"O.J 

t  0 

'i-5 

o,T 
9,D 
•  4 
1.1 

3  < 

1  ! 
0.7 
'1 

O.D 

J«8    + 

7*  w 

60-  47 
4J-  •• 

Teeab  utt  m 

!.?>•  1 

«Bt 

.6, 

l»    1° 

■J. 7 

I    9 

*.» 

S  A 

I'. 
4-9 
11-4 

IS 

lad..D.«S 

i...  Matf.  A  titdJ&  BdJJ 
UerxA  W 

Ul-e 

101.7 

O.J» 

•S* 

a.  41 
».» 

•■14 

on 

1    4« 

10.4 
Jt-O 

4  4 

•*I 
10,0 

11.7 
M  » 

■«.4 

»>: 

4l*-0' 
M  C 

Hi 
m 

'J.4 

<a,o 

la.o 
it.A 

1<-J 
41-» 

>.J 
«J 

O.J 

e.) 
I.I 

l.« 
4-4 

0.4 
0.1 

o.d 

?7-  W 
J>  ' 

^   t.S.AM  $ 

B      '        "    lAtrLlnrl 
■  K.  v..  Pi.  A  0  .... 
^        ■■     <W.Di*.onl>) 

t.C   ASft.l, 

IJ-  4«- 

91-  J7 

si-» 

J9» 

— 

»■»*»  J 

*>?4 

It.D 

il.gC 

n.t              1*1        V  a 

*  Sec  aote  to  Table  hi. 
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Table  ytil,— Continued. 

MlCHlOAH. 


Mila 

of 
Row). 

CuKVATt'RE. 

Gmdbs. 

Nauk  of  Road. 

Curves 
Per 
Mile. 

P.  C, 
Curved. 

?2f 

Mile. 

PC-   1     Per 
!-««'■  1  Mile.' 

1 

RiK 

and 
l^all 
Per 

Mile.* 

Ruling 
GradeL 

ChiEaso  A  G.  Trunk... 

Del  .G.  H.«Mil 

1..L.4S.K 

Marq,,  H.  «  Oni 

Hich.  Air-Line  --..--. 

310.S 
■  Bq.o 

6,., 
101.6 

"34 
o.si 
o.Aa 
I  >, 
1  .ai 

0   fi¥ 

iB.o 

11. Q 

43  ■♦ 
94.0 

i! 

5  5'   .1     »3  S     '       o-a            j,i 

la.a*     1     19.0            0  a            7. ft 

Ti.g°   '       19,9     1       1-9            ^  S 

4&r7*         BJ'S            OrO          i^.D 

18-B'         <l              t\.tt             1                    OrD                                  6.S 

i9'5*   :    n-a   I     4, J        a. I 

;:  X 

39-  41 

49-  3» 

Ko.C  Midi 

bT.ll        1.16 

■,»S3  1 

o.gi 

>0-J 

.7.4- 

1     >3  9     1       ■•) 

91 



Illinois. 


Am.  Cfni  

Belleville  &  Eld 

C.*  Alton 

C..B,  Ao"'.;;::!!'.: 

c. sE.  111.'!!!!!!!!!! 
c,  M.aSt.P 

TuMis  und  dr.- 

Ch,  «  Spr..  r 

Danv.*S,  W  

O.  A  Miu  

III.  Ctnlral     

tN.  End  only) 
**         Branch  n. 

TiftalikDd  av...... 


jo  6j 

49-71 
"43.5: 
■n  »| 

JS  ■' 
auj.j 

107.  s 

_  *'lJ 

oil.  I 


III.; 
loa.i 

318  o 

?*4  7 

(.".0 

Jjn.a 


l.MJ.l 


D.9B 
0.17 
O.JO 
0.40 
i.t4 
o.jl 
U.7S 
O.J9 
a.]£ 

o  SJ 


o.w 


..  38 


II. S 

•J  4 

'■7 

»J  3 

g.o 
JJ.o 
la.S 
'4  4 
10.7 

9.0 


II. I 


4.9*  , 
Jo. I"  , 
o  S°  I 

4. J- ! 

'  '•  ! 

15.4°   I 
S  4' 


S-1 
7.4 
•4-9 

9.0 

13-0 


9-7 


1?'  , 
4.3-  I 

II  .j°  ■ 

«-3*  ' 
(o-9°l 
la-I* 


»■■>• 


10  tt 
7.0 
19 -O 
■7  » 

«  « 
JO-7 
II, J 
19. D 

\,.a 

3'- 3 
'94 


>■-> 

41, a 

Its  ?) 

3°° 


•9-J 


0-9 
0.4 


3-' 

O  I 
o  I 


1,8 


O.J 

1-6 
0-1 

0.9 
(osl 
0,4 


S  J 

14.6 

i.a 

T  8 

l^ 

4  9 


6,, 


0,9 


B,9 
91 

<4  9) 
9,S 


8  J 


3T-  5» 

100-119 
43- »o 

4S-  *■ 

64-44 
3S-  5i 

37-  4» 
60-  31 


ST-« 


6}-  IS 


low*. 


Burl..  C.R.  AN.,. 

Burl„&S,  W 

■■      (Mo.) 

Ceni,  li 

C.B.C.4W 

C,  B.  *0        

C,_,_M.4Si.P  ...-. 

Dub.  *  S.  C  ,,'.'.'.'!. 
TouUsad'ar 


»S"-7 

o.TO 

n.fi 

^9.6 

1.90 

36  0 

9j,7 

l.JO 

ja.o 

1B9-O 

0,94 

JO, J 

■lS-7 

it 

3S  S 

iBo.) 

3»-7 

33' -7 

O.JI 

'4,4 

'S0.6 

IM 

"3  7 

141.7 

?Q    I 

i.SSJ.O 

..j6 

"  3 

'7S* 
57.1'' 
S!  1* 
1,  6° 
gi,o° 

fly    g' 

lo(,* 
3",5' 

14  s* 


j6  4* 


il,a 

>-7 

9-< 

IJ.O 

S  6 

i>.« 

ig,o 

•■J 

,3.6 

11,0 

,     10.7 
,      11.« 

:!j 

1     ia,o 

TO   S 

19. a 
1^  a 

4.= 

J  7 

IJ.O 
'I  4 

!   ij.i 

3,1 

'49 

ee.D 

«s.e 
7*-  73 
175-160 
70-  70 
5»-  74 

«o-  til 


*  See  note  to  Table  loi. 
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Table  103. — Continued. 

WUCONSIM,   HlHNESOTA,   AND  DAKOTA. 


H<1a 

of 
Row). 

CURVATVSB.                 1 

GlAOIS. 

Name  op  Road. 

CurMS 
Mile.    Curved. 

DeS. 
Per 

Mile. 

P.  c. 

Level. 

Riw 
Per 

Mile.* 

Rlie 

And 
Fall 
Per 

Mile.* 

Ruling 
GrAdet. 

C..M.  ASt  P 

>W.4 
■'J6-4 
1^3.  a 
Kn.l 

o.jS     .     ijl 
0.54     1     i».o 
0,70      1      l4-< 

T     «                  41.  T 

14.9* 

19.  S* 
■J  4' 

36.0 

.3.0 

ai.o 

0.1 

"■4 
o.a 

e-s 

o.g 

9.0 
10,  s 
S.J 

II. 4 

3J-  jS 

i=-  S) 
69-  53 
74-  6j 
63-  5..g 

u                            •* 

TouJb And  AV..  .,.. 

1,000.3!     o-fift     1      17-I 

■69* 

>4.J 

t.fi 

8.9 

SUUHARV  Of  THE  WESTERN  STATES. 


No.  D< 
Rodi 

or 
Din. 

Stat*. 

Miles 

of 
Road. 

CUHVATL'K*. 

GHAtlRA 

Curre* 
Per 
Mile. 

o.Bj 
0.70 
0.91 

P.  C. 
Curved. 

Deg. 
Per 
Mile. 

P  C. 
LevH. 

J), 9 
19-4 
19.? 
'S-S 

11.4 

Rise 
Per 

Mile* 

t.^ 
i.i 
'■1 

1.3 
D.9 

i' 

Rile 
and 
Fall 
Per 

Mile.* 

ID 

to 

I 

1.304  5 

«.34«  J 
1,"S3  3 

947-? 

i«.i 
15.0 

■0.1 
13.1 

=7.3 

16. 1* 
i,.9' 
'1.4* 
6.9« 
9,o° 
36.,- 

9.S 

^* 

B.s 
■4-9 

J 

I.MS. 11     o.i» 
l,J»S.o|     l.jfi 

49 

l.]]B.S|    a.78 

16.9 

16,9* 

1.6 

91 

M 

Dilto.  BAAtem  SiALct, 
from  Tabic  idi.     - 

S.]7i.o|     I.8K 

35. s 

h 

SS.9*  ;'    «.« 

4.7 

IJ.O 

>» 

Ditto,  Sonth'n  Sutei. 
Irom  Tabic  loj 

3.SII." 

I.IO 

.j.« 

3>-S- 

n.o 

1,9 

11. 4 

•  See  now  10  Table  loi. 


The  moit  important  moral  to  be  drawn  ftom  comparison  o(  this  with  Ihe  precediDg 
table  is  is  the  last  column  of  the  table,  which  >l  seemed  impossible  to  average,  vii.,  in 
the  emssive  ruling  ^ades  throughout  the  West,  which  are  considerably  heavier  than 
in  the  Elast.  in  spite  or  the  very  much  easier  ali^ment  and  less  rise  and  tall.  In  lo- 
calities it  was  impossible  or  very  diiilicult  to  avoid  this,  owing  to  a  succession  or  long  Low 
ridges  exteoding  for  great  distances  in  each  direction:  but  for  the  most  part  it  is  due  to 
bad  judfimeiit  in  location,  in  avoiding  curvature  and  loss  of  distance  at  aaj  sacrifice  of 
2ndt,  vbereai  the  reverse  should  be  the  rule.     See  Chapter  XX. 
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Table  103. 

Statistics  of  Grades  and  Curvature  on  thb  Railways  of  the  South 
ERN  States  and  Missouri. 

[Cmsputed  from  [he  Ceoiui  Sutiitici  al  iS&i.    Sec  Noie  to  Tabic  toi.) 

VlRCIHIA, 


Miles 

RoHl. 

CuaVATUHK. 

1                                 GlADEB. 

Nahk  of  Roao. 

Curves 
Per 

Mile. 

P.  c. 

Curved. 

D««- 
Per 
Mile. 

P.C. 
1  Level. 

Ri» 
Per 

Mile.* 

Ri» 

and 
Fall  Per 
Mile.* 

Ruling 
Gradea. 

108.6 
S..7 

'•4 
1.0 

36.5 

33.  B 
JJ.o 

3B.0'' 

30. o' 

1    .5.5 

T.a 

'7 
1. 1 

'3-9 
'3-S 
13.4 
10.  i« 

g4>.^a  

JO    ± 
116-SS 

Rich.  ADan  

1,050.5 

1-7 

36,0 

4*  9° 

lo.  6 

'■3 

13. S 

North  and  South  Carolina  and  GioitctA. 


C,  Col.  &  Auk 

Ga.RR.*B 

l^T.O 
I7T.O 

iBS.o 

l.OJ 

0.95 

0.33 

40.  A 
33- i 

16.0 

36.0* 

It 
,1.0 

t.a 

!3 

9.D 

J5.9 
10.  s 
S-4 

6o.«7 
7J 

Sjo.o 

0,78 

30. 0 

n-c 

=54 

3.0 

13.9 

KaWTUCIfV    AND  TENNUtcia. 


Cin.So ... 

Eli  I.,  I.CI.  &  B.  S. 
L.«N-.. 

Memph  *  C 

Mobile&O 

Si.  L.ftS.E 

Toiali  and  av . . . 


335  W 

E09.0I 

"JS: 

Jt.31 

373.0 

47».0| 
.35.3| 


1.93 
1.03 

o.Sr 
D.48 

o.6« 
D,8o 
0.S8 


1,501.9      1.07 


353 
vt.S 
'94 
14.D 
17.0 
3'3 

30.0 


3j.a 


53.0° 
16.9' 
'J  d" 
16.6° 
30.  3* 
33    9* 


38.4' 


13. 4 
'5-4 
39.0 
33.0 
IS-3 
35.5 
IJ.5 


19.0 


0,6 
3.8 

0-3 
0.8 
0.8 

o  6 
0.3 


0.9 


.5.6 
■S.l 
11.1 
16,7 
13.0 
1    ' 

■75 


.3.8 


fo  - 
60-C6 

V'-n 
70-70 

51.  K 
4t»-30 


Ml^^OURI. 


Brunt.  AChill 

Burl.  AS.  W 

CapeG.ASi.  L 

79  J 
Sj,7 

40. D 

»o'^,4 
to8.B 

a.7« 
1,70 
0.  30 
O-76 

T4.7 

jS.o 
Ai 

IJ.o 

1 
33.7;   ■ 

4.ft* 
.,.B- 

46.0 
13.0 

5.-6 

30. D 

1.3 
3-3 

D.O 
17 

5.6 

17.3 

"■7 

68.6 
16-TI 
80-So 

o.S; 

».s 

»S'° 

3a>4 

'■3 

10.4    1 
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Table  i03. — Continued. 


SuHMADY  OP  Southern  States. 


V 

Din. 


Stats. 


VirglBii 

K.aodS.  C.  uaCa. 

Kf.  ud  Tenn 

MiBoiui  ....-..■--■■ 


Ul]« 

of 
Read. 


l.OJO.J 

)SO,o 


CtJKVATL'KE. 


Cur™ 
Ptr 

Mile. 


I.JO 

0.7B 

LOT 

o.Ss 


B.C. 
Curvtd- 


j6.o 

JO.O 

ao.J 


3,}ii.l      1. 10  37.6  31,5° 


Per 

Mile. 


460' 

J*,4* 

.J..' 


Gradks. 


P.  C 

LCTCI. 


ro.6 

"J- 4 
19. 0 
3=4 


n.d 


Kite 
Per 

MiJc* 


"J 

3,0 
0.9 
'-3 


'9 


RlM 

and 
FsilPer 
Mile* 


U.J 

.j.a 

10. 4 


13.4 


*  See  Nole  to  Table  vn  and  Summary  to  Table  m. 

Id  Kcdluid,  which  hu  ihe  lerellest  raiJwaTS  in  Europe,  <a  per  ceni  is  level,  and  only 
T]  miles  out  of  945  on  grades  belween  0.5  and  1.5  per  cent. 

Id  Gemuny  35  per  cent  of  the  mileaee  is  between  0.5  and  1.5  per  cent,  and  a  little 
O'er  35  pel  cent  curved. 

In  Norway  a  little  more  than  50  per  cent  ii  curved,  and  37)4  per  cent  has  grades  be- 
tnen  as  and  1.5  per  cent. 


Table  104. 


CuKVATVKE  pEK  Mile  on  Various  Railways  in  the  Rocky  Mountain 
Region  which  have  a  Great  Amount  of  Curvature. 

[Computed  from  Censui  StaLlidcA  of  iSAo.] 


R<MI>. 

Mii«. 

At.  Dee. 
Per  Mile. 

RoM>. 

Hilea. 

At.  Dee. 
Per  Mile. 

'34 
w* 
S) 
'35 

131 

31  o* 

151 .0° 

93°° 
■6.g' 

ss-s" 

«1.3* 

34 
11 
13 
104 

6s 

}■ 
143 
141 

430.0* 
337.0* 
1^  0* 
30,  s* 

39.3* 
4^.0* 

T  Il«h  »  nn 

(frsa  San  Fraseiaco 

we*.) 

••       •'    WeiiEnd... 
TewtCeni... 

871 

ja,D° 

J1.;- 

63.  ft" 

HoK  corofflonly  yei.  the  radlai  t*  ultcn  dlKcc  from  a  iabl«,  but  nothlnf  b 
etw  dcKM  wiiri  li  in  pTttctkal  Acid-work,  and  it  ■>  only  of  icnporunco  tor 
recording  on  mupi  ur  fur  use  in  solvinc  ptnbirins, 

362<  Among  English  engineers  cuti-ei  are  usually  defined  atol  i»  tnutj 

cbtina  (66  (1.)  ladiuti,     Th«  radius  of  a  I*  curve  in  chains  is  — -7—  =  S6.BI) 

chains,  to  that  ihe  one  method  of  detienailon  may  be  convened  Into  the  oih 
tijr  Ibe  (ormube. 

~.      I.  .  B6,8ij  .     _  86813 

X  in  chaiDt  =  — zT--,    and    O  = 


ii    '  A*  in  chaint' 

363.  Conlinenlal  cnKineon  ilotignale  curvci  by  Ihe  ladiut  in  mclrea. 
radius  in  meirct  o(  a  t'  curve  bcinK  - --^   -  =  1*46.4  inetrci.  we  have,  force 
verting  the  one  method  of  designation  into  the  other,  ibe  simitar  formula, 

„  ■  '**6  4  ^         r.  '746.4 

R  in  metres  =  -^-.    and    i7  =  „  ,  "^  — . 
O    '  /r  In  meties 

464.  Amer'CHn  engineer*,  and  those  adoplint  Anietlcan  praciic*.  whCA 
norking  with  the  metric  system,  use.  a*  the  unit  chord,  n  chain  of  aomettel 
(65.61  (i.)  divided  into  too  link*  ol  i  deciineires  (.656  It.)  each.  The  r^ius  of 
a  curve  Tiuvinic  i'  of  crni(»I  anete  lot  a  chord  o(  100  ol  ntiy  unit  ii  ;7}0  (!73<).6j)_ 
t/ thul  uml.io  that  Ihe  radius  in  metrr«  of  ^t  f'  mriric  inrve  is  571965  X  0.3  : 
JI4S-93  (1146)  metres,  ot  ^tufi/tk  a»  many  metres  as  there  are  leet  in  the  radiu 
o(  a  I*  loot  curve— a*  i*  natural  (torn  the  fact  thai  there  »re  only  one  fifth  1 
many  units  in  the  chord. 

3Sfti  In  siationins  under  the  metric  sjaiem,  however,  the  be*t  practice  I*  1 
uiie  lo-metrc  staiiuns.  setting  stake*  m  every  other  station   only  (or  i  chain' 
aparl)  on  imi;cnit  and  easy  curves,  and  ai  every  iiatmn  (or  hatf<hain)  on  sharp 
curves.     In  practice  this  produce*  little  inconvenience. 

3d6.  The  radius  in  feet  of  a  ■'  metric  curve  Is  --—  ol  the  radius  ol  • 

100 

■■  foot"  curve,  or  a  little  II^  per  centjien  than  V(66t1  and  a  little  [4.6  per  cent] 

mote  than  |  (61.}).  either  of  which  vulgar  fractions  may  beusedfor  approxima 

inter  tonvrrsroni. 

367i  Whether  with  English  or  metric  measures,  on  sharper  curvrtlhan  S'  oB 

to*,  the  chord  becomes  so  much  shorter  than  the  subtended  arc  that  it  become 

inaccurate  to  assume  the  radius  ai  ^^-jr-     To  obviate  this  difficulty,  it  it  aon 

becoming  usual  in  the  best  practice  to  run  In  curvci  sharper  than  S*  with  itALf 
the  usual  unit  chord,  or  jo  ft.,  and  to  run  in  curves  tharpcr  than  16*  with  om 
POVaTHibe  usual  unit  chord.    It  then  becomes  literally  true,  to  the  neatest  even 


^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^                                                                    L.  W  1                                ^^^^^1 
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H      tol.  Am  Ibe  ndUu  ol  all  caf¥H,  of  wbaiever  degree,  )■  ^ven  by  tb«  tonnuls             ^^| 

1     f.  nse                                                                                      ^1 

■                                                                                                   ^1 

H          It  li  exptdlent  (or  praciical  reaxoni  to  km  »i«kcii  ihot  ffequentl^f  on  ib«rp              ^H 

H       <\m\.  *o  IBat  ihi*  praclkc  iiivolvr*  no  iiicuiivrnirnce.                                                           ^H 

^1           lttfnrctrn«c»Mry  or.  expedient,  in  pracliul  location,  to  uae  Other  IhMi                ^H 

^1      tN«4tgR«<or,  at  moil,  even  half  degrees)  of  curvature,  except  In  "dosing               ^H 

^m      arm."  to  coooect  w  ili  vihrr  lines,  anil  cxccpl  that  ceiLuln  ileeTect  nhkh  con-               ^H 

V       H«n  even  number  of  minute*  (ai  !0'.  i*  40'  (100' t.  3*  10'  (loo*)  curvet)  arc.                ^H 

^L       iMfrKllcal  convenience  In  the  tranali  work.  »omeliiTl''es  preferred.                                      ^H 

^P          Tit4(  lof  five*  the  radii  la  leei,  chain*,  anil  melted  of  all  the  curves  below               ^H 

7r       fi  vhirti  are  muci)  used  for  either  metric  or  EnRlihh  tneasutet.     We  now  re-               ^H 

i««c  coawdeiotlon  of  ilie  v«nou*  objections  to  curvature.                                               ^^| 

^^^^1 

Raoii  or  CcKvrs  or  Vasioi'S  Decsrbs  in  Fbet.  Chains,  ako  MBmn.         ^^^H 

ol 
Curt*. 

Ctima  Mt>  (T  EH1.4.1M1  Mcut'irts. 

Radluf  la 

RidiiH  In            Ruliiu  In 

Rmliuiin 

Radiiw  In                   ^H 

reel. 

Cbilnt. 

Mclm, 

MeliM. 

^1 

©•  yi 

11.460 

17,1-636 

3,4qi  S 

3.21)7  .(id 

^^H 

0*  JO 

6,8j6 

100. 40S 

3,oq5.7 

1.3TS-" 

^^H 

I**t.   8 

•'      7 

S.7^ 

86-813 

l.T-;''  4 

1.I4S-93 

^^H 

s!s6; 

sa.oSo 

43-4<» 

I.047-8 
673-3 

687.S6 

573.9ft 

^^^H 

^^H 

*.3g3 

3».jaQ 

fK)S.6 

4J8.38           '■9i>3-S         ^^^H 

1.910 

aB.«j8 

SSi.i 

jsi  .i]S                          ^^^H 

<*^  s 

«.7«g 

3&.044 

S13-4 
436.6 

343-78            1,137-9           ^^^1 

4*      .= 

".433 

3t.;o4 

386.48                <)39-9           ^^^H 

2:      5 

:,)4*' 

17.365 

W9.3 

33q.l9               7SI.O           ^^^1 
190,1)9     1           636.6           ^^^^^1 

N-Jfa) 

391.1 

\' 

I3.4<» 

373.1 

■63-70                    ^^H 

7"7 

10. 85* 

218.3 

143-34               470-0           ^^^1 

te    »' 

6J7 

cj.fc4<. 

•W-O 

^^H 

■    lo*       1 

S73 

8.681 

174.6 

114-59     1                              ^^^1 

■    ti'-g-Sx 

SSI 

7-8g» 

158.8 

lOl-lS               34>-S           ^^^H 

478 

7-136 

I4S-S 

W-50 

313-3      ^^^1 

sn 

6-3(11 

134-7 

81.8$ 

^^H 

W    \V 

S  4»6 

log.  I 

71,61 

^^H 

^  rt'      1 

318 

4 -81 J 

o;« 

63.66 

308.9      ^^H 

3116 

4-3*0 

87-3 

57.30 

^^H 

3» 

3.(.I8 

73. S 

47 -7S 

^^H 

H   ju*      u     :            iqi 

3.S94 

SS.S 

38-30 

I3S-3                  ^H 

b.         .^ 
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UlFMCUtTY  IK   HAKTSG   TIHB. 

2S0.  It  Is  beyond  dispute  that  tlie  addition  of  a  sufficiently 
great  amount  of  suHiciently  unfavorable  curvature  will  seriously 
cripple  any  line.  The  curvature  is  object  ion  a  t>le  not  alone  for 
fast  passenger  trains  but  for  freight  trains  also,  for  it  is  fully  as 
diBicult  and  as  dangerous  to  run  freight  trains  over  sharp  curves 
at  25  or  30  miles  per  hour  as  passcn^r  trains  at  60  miles  per 
hour,  owinf^  to  the  difference  in  their  mechanical  coostruction, 
and  yet  with  each  alike  such  speeds  are  of  ten  necessary. 

Herir,  as  elsewhere,  however,  the  true  question  before  us  i» 
not  '•  Does  the  difficulty  exist  ?"  but  "  How  great  is  the  difficulty, 
tend  what  arc  its  limits  ?"  Considering  the  question  in  this  light, 
and  remembering  that  wc  arc  not  now  spL-akingof  nor  consider- 
ing cost,  but  only  physical  possibiHlics,  experience  seems  to  in- 
dicate that,  up  to  reasonable  amounts  of  8°  or  even  10°  maximum 
curvature  (717  to  573  feet  radius)  this  difficulty  is  not  one  which 
results  in  very  serious  consequences:  for  lines  which  are  little 
less  than  a  succession  of  such  curves  have  as  fast  schedules  and 
make  as  good  time  and  connections  as  more  favored  lines.  On 
cur^'ature  of  shorter  radius  the  centrifugal  force  becomes  so 
great  that  either  the  speed  must  be  checked,  or  the  additional 
pressure  against  the  outside  rail  becomes  objectionable. 

2fi9.  In  the  days  of  hand-brakes  and  iron  rails  this  necessity 
of  checking  speed  on  sharp  curves  was  (or  would  have  been)  a 
serious  obstacle  to  habitual  fast  running,  hut  since  the  introduc- 
tion of  air-brakes  and  steel  rails  a  train  can  be  checked  up 
slightly  with  such  a  very  triflmg  loss  of  time — and  if  it  should 
chance  to  be  omitted,  the  consequences  are  so  much  less  likely  to 
be  disastrous — that,  within  the  limits  of  choice  which  are  ordi- 
narily open  to  [he  engineer,  (his  question  of  making  time  is  much 
less  likely  than  heretofore  to  l)<^  seriously  affected  by  either  the 
imount  or  the  radius  of  curvature.  Since  ihc  intPOduction  of 
Bel  rails,  the  question  now  chieHy  concerns  passenger  traffic, 
"liny  curve  of  less  than  lo"  laid  with  steel  (and,  in  fact,  with 
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properly  designed  engines,  much  sharper  cun'cs)  being  safe  (we 
arc  novr  considering  nothing  else)  at  ordinary  (reight-train 
speed. 

370.  For  any  ordinary  diRercnccs  of  radii  th«  reduction  of 
speed  necessary  to  eliminate  the  additional  centrifugal  force 
due  to  a  shorter  radius  is  not  grc^t.  Much  misapprehension  in 
this  respect  exists,  owing  to  forge  t(u  In  i-ss  or  ignorance  of  the 
tact  that  centrifugal  force  increases  only  as  the  degree  of  curva- 
ture, but  as  the  square  of  the  speed,  so  that  comparatively  trilling 
decrease  of  speed  will  place  very  material  differences  of  radius 
OD  an  equality  In  this  respect.  Thus,  to  obviate  the  effect 
of  sharpening  a  curve  from  a  5°  to  a  10"  we  do  not  need  to 
halve  the  speed,  but  only  to  reduce  it  in  the  proportion  of  i :  Vi, 
III  that  if  a  speed  of  60  miles  per  hour  he  safe  on  a  5°  ctir\'e 

a  speed  of  41.43  miles  per  hour  \-~7^]  is  equally  safe  on  a  10" 

curve ;  and  if  we  again  double  the  degree  of  the  curve  to  »o*, 
we  only  reduce  the  admissible  speed  of  equal  safely  by  1*43 
miles  per  hour,  or  to  30  miles  per  hour. 

This  Maicineni  n«ctccil  ibc  lad  thm  the  umc  excess  o(  cenirifugnl  (arte  is 
norc  daaffcrou*  oti  a  tlurp  carve  than  on  an  ca*y  one;  but  Ihe  itinerL-nce  in 
ihai  reipoci,  ohllo  It  exists,  it  small,  because  the  laietal  (lange  pccsEurc  it 
<coniraiy  to  a  comoion  ini»appTehefision)  unafiecicd  bjr  tbe  degree  ol  cuivatuie. 

97t.  The  precise  effect  of  curvature  on  the  admissible  speed  maybe 
determined  as  totlows : 

The  ccmrtfugnl  force  Cof  any  body  of  weight  IV  moving  at  v  ft. 
per  sccood  in  a  circle  of  r  fi.  radius  is,  Jn  the  latitude  of  New  York. 


(I) 


To  determine  tbe  centrifugal  force  of  a  body  moving  at  V  miles  per 

boar  00  A  IT  curve,  we  havev  =  i?^  =  1467  K  and  r  =  1^.    Sub. 

6oxto  x> 

■titatli^  these  values,  we  obtain 


C=  jooooi  167  (log  S.06711)  y*D  X  (T. 


(a) 
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Or,  for  the  centrifugal  force  in  lbs.  per  ton,  multiplying  the  Mcond 
nember  of  the  above  equation  by  2000,  we  obtain 

(r=!.o23:48f/>{Iog8.36825) {3> 

From  this  formula  Table  to6  is  calculated,  givlii^  the  centrifugal  fofce 
in  lbs.  per  ton  of  2000  lbs.  on  any  curve  at  any  speed. 


Table  lOfi. 

Cehtkifuqai,  Fokce  in  Pounds  Per  Ton  of  3000  lbs.  on  Vakious  Ctmi 
AT  Various  Speeds, 

[Computed  b;  Eq.  (j),  par.  371.] 


Spenl 
MirHPer 

DiGUK  or  CuRva. 

Hour. 

i» 

»■ 

»■ 

IS* 

•o- 

10 
30 
30 

3.33 

9-34 

3 1. 01 

37.36 
58.37 
84.05 
114,40 
149.43 
1S9.13 
233-48 

11.67 

46.70 
105.07 

186.78 
291.85 
430.36 

33.35 

93. 39 

310.13 

35.03 
140.09 

•115.30 

46.70 

186. 78 

430.16 

40 

560.35 

875.55 
t. 360. 79 
1.706.08 
3,341.41 

3,836.7s 
3,503.30 

747.14 

50 
60 

583.70 
840. S3 
1,144.05 
1.494.37 
1. 891. 19 
3,334.80 

1,167.40 

l,68t.o6 

7" 

80 

90 

100 

573.03 

747-14 

945-59 

1,167.40 

3,26s. 10 

3,988.54 
3.783.38 
4,669.  bo 

The  ccntrifuf^l  force  on  AJ17  other  curve  is  directly  av  the  degree  of  curvature. 
The  heavy  diviJiioD  tines  nuik  the  uiiimed  nuiiimuni  limit  of  ipeed  for  lafetjr; — wbCD 
the  centrifuga]  force  ii  )4  W. 


273.  For  the  train  to  be  overturned  it  is  essential  that  the  resultant 
of  the  centrifugal  force  and  gravity  shall  fall  without  the  base,  which  is 
upon  the  point  of  occurring,  on  a  level  track,  as  will  be  clear  from  F'gs. 
18  and  19,  when 

W      cent,  gray,  above  track 
C  ~  half-gauge 
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^ 
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Hie  hc%ht  of  iti«  cenuc  of  graritjr  varks  in  dilTercnt  cus  and  loco- 
motives from  as  littk  as  a,\ 
10  \  It.,  in  licavlly  loaded  flat 
cars.  10  06  much  as  7  ft.  in 
taiuc  typRt  of  tucomntive*. 
Auumiti);  it  Bt  6  ft.,  u  In  Fig. 
tS.  moke*  some  allowance  for 
tbc  beneficial  effect  <>(  »upcr- 
elevatjon  ;  which  murcovcf.  in 
the  cxticmc  CISC  of  danger  of 
ovenuming.  does  not  liave 
lU  lull  ellcct.  bcc^iuse,  long 
before  the  point  where  it  is 
Inuninent,  centrifugal  force 
will  so  act  upon  the  springs  as  [_C 
to  throw  tbc  centre  of  gravity 
mio    nearly    tlic    position    it  Fir.,  tA.  Ph;-  i». 

■ouhJ  occupy  U  tbe  cars  wer«  a  rigid  body  and  there  were  no  lupcr- 
devation. 

Tbe  m^iximuro  superelevation  is  about  one  seventh  the  g»ugc.  or 
•bout  ogtit  inches.  This  may  be  considered  iis  reducing  the  cenirlfugal 
force  by  one  ses-cmhol  the  weight  of  the  body,  or  386  lbs.  pec  tun.  burring 
the  action  ol  the  springs. 

773.  We  have.  then,  assumii^  the  centre  of  gravity  to  be  6  ft.  above 
the  raits,  and  half  the  gauge  (between  centres  o(  raiisj  to  be  14  -1-  ft.. 


C 


^o. 


whence  C  =  o4K' when  tbe  (rain  is  upon  the  point  of  overturning. 
But  [eq.  (2)]  we  have  also 

C^ooaawffjX'^DW. , 

and  from  cqs.  (1)  and  (4)  we  readily  obtain 


(4) 


(3) 


'=/ 


OA 
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185.1 


.  .  .  (S) 


this  being  the  equntion  ol  the  majcimum  velocity  in  miles  per  hour 
Wbkfa  a  train  can  luive  without  leaving  the  rails  by  overturning. 

374.  Long  before  this  comes  the  point  ol  danget.  und  long  before  that 
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again  cornea  the  point  o(  more  or  less  serious  tnipacis.ottcillacion.  andap>| 
prehension  ul  danger.    The  minimum  limit  o(  objectionable  speed,  below] 
vf  liicii  there  may  be  said  to  be  roi  only  no  sensible  danger,  but  no  |i(Mstbtl> 
ilyofannuj'anceoratiprcbension  of  danger,  does  nut  (rum  its  nature  admit 
o{  ex;ict  di^ierminuliun;  but  we  shatl  obtain  a  renuU  corresponding  closely  ■ 
with  whai  have  in  laci  proved  wholly  unolijeetionable  «locitle*on  vJirious 
<;ur\'cs  if  wc  assume  iliiit  minimum  limit  to  be  when  the  action  of  the 
centrifugal  force  ii|x>n  tlic  c^i-body  dues  nut  more  tban  Buflke,  on  easjr 
curves  having  the  usual  (but,  aa  we  shall  shortly  see.  probably  too  small) 
superelevation   of  about  k  ■'■'  per  d<-gree.   to  throw  it  over  so  as  to 
maintain  It  level  despite  the  superelevation.    The  point  at  which  this 
occur*  may  be  dclcrniined  as  follows : 

Thesprmgsof  an  easy-riding  passenger  car  have  been  compressed 
through  perhaps  6  In.  by  the  weight  of  the  car-body  from  their  unloaded 
dimensions.  An  addition  of  ,■>  of  the  weight  rcstinji!  on  a  spring,  con- 
sequently, will  cotnprcM  it  through  an  additional  \  in., and  an  addition 
of  il,  of  the  weight  resting  on  it  will  coraprcs*  it  through  i  in.  The 
shifting  of  this  much  of  the  weight  to  the  outer  springs  involves  a  cot- 
retpundiiigdecrciscof  the  compression  in  the  inner  springs;  so  that.  aa> 
lumins  the  leverage  of  the  centre  o(  gravity  e/  the  car-^ody  <w/»-  to  be 
equal  to  tliat  of  the  resisting  moment  of  the  springs,  as  it  approximately 
is  fsee  F^;.  l8).  a  centrifugal  fcirce  ot  ji,.  or  say  0.04  W.  will  sofTice  to 
preserve  the  car-body  level.  Substituting  this  coelficieni.  0104  foro4  io  1 
cq.  <5),  wcobialn 
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this  being  the  equation  of  the  inferior  limit  of  the  dangerous  velocities; ' 
i.e..  that  at  which  the  car-body  of  the  casicsi-riding  coaches  will  at  the 
miHt  remain  level,  and  not  have  a  cant  tow.ird  the  outside  of  the  mil.  with 
the  Kmalle-it  usual  superelevation. 

278>  As  both  the  [Kissible  compression  of  the  springs  and  tlic  nmnunt 
of  su|]crelerati(>n  soon  reach  a  maximum  limit,  tbiic  particular  critcnnn 
lor  detcrmininfi  what  b  the  inferior  limit  of  obnoxious  velocities  does 
not  hold  pte<:isely  and  theoretically  true  when  extended  to  the  sharper 
curve*,  since  it  would  require,  lor  instance,  on  a  so*  curve,  10  in.  of 
superelevation  «nd  5  ',n.  ':ompression  ot  the  springs,  neither  of  which 
are  admissible:  but  it  has.  nevertbetess.  the  advantage  before  mentioned 
(par.  174)0!  corresponding  tolerably  closely  with  what  have  in  (act  proved 
wholly  unobjectionable  velocities  on  sucli  curves, as  it  plainly  should  if  cor> 
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1             iBd for  tbe  lower  curves.    Thrs  appears  in  the  ubutaiion  of  cqg.  ({}  and             ^^| 
(6)givM  Ib  Tabic  I07.  lor  curves  of  ditfcrcnt  radii  up  to  a  60"  curve  (9;             ^^| 
fl  ndlos),  tlic  latter  being  vHiic«'hal  easier  than  the  curve  of  go  feet             ^^| 
ndiu  oa  the  New  York  elcvaictl  railways,  and  hence  to  be  regarded  as             ^^| 
HMMt  the  maximum.     The  trains  ptu*  around  ihcM  curves  at  6  to  lo             ^^| 

1              ei'la  pet  hour  without  an^  diwgtccable  cciitrifu|{iU  (orcc                                      ^^| 

(Sec  Abg  |«t.  tKis "  AV)                                                               ^^| 

Table  >07.                                                          ^H 

Cthnq  rm  VARiotj»  Ct-iivct  iHt  Infkkiox  a.m>  St'pEiion  Liutrs  or  S»ii>             ^^| 
^^           «iTUi:ir  wiitcH  111K  ClUixifuuAL  FoKcK  ts  Mou:  oa  Li:ts  Oujectjon              ^H 

^H              «KE  AXD  DAKaKKOOt.                                                                                                                         ^H 
^B                                         [Cam(Ril«d  far  C4*-  (9)  ■iHl  n.  pv-  •n-]                                                    ^H 

^^H                  Cm*. 

MuawH  AVu  NinMvw  Ltutn  e*  Sriin.    Mtut  Pn  Hor*.                  ^^ 

H          DvK. 

Radiui. 

UinlnuK.    Havinu  no 
Diuffrentilc  ERect. 

1 

MuiiDun.    On  Ihr  Pelni  of 
Ovciiutninn  ih«  V«hicJn. 

H 

H 

».86s 

I.4S3 

95S 

7»7 

41.39  Mile»  pet  hour. 
39.37        '■ 

33.->> 

so.jo 

130.  Sg  Mite«  per  houT. 

7S-S7 
(,;.44 

H 

H 

573 

19,91  MItcs  per  hour. 

BS.M  Miles  per  hour. 

478 
410 

319 

16.00  Mite*  per  hour. 

x%M       ■' 
14.63         '• 

53.43  Mtles  per  hour. 

49.47 

46,38        '■        " 

4J58        •' 

H 

IBS 

t3.09  Mnes  per  hour. 

41.39  Milts  per  hour. 

>6i 
■39 

331 

30S 

13. 4R  Mite*  per  hour. 
11.9s 

II. M          " 

II, Od          "           " 

19.46  Miles  per  hour, 

37.78        ■• 

J<..7J 

^^T^af 

191 

10^9  Mite'  -wr  hour. 

33.90  .Miles  per  hour. 

3g,37  Miln  per  hour. 
36,18 

1 

UJ  3 
114.6 

9,]^  Miles  pcf  hour. 

8,18 

H         CO* 

9SA 

7.B6  Miles  per  hour. 

33.90  Miles  per  hour. 

^H         The  ipod*  la  tbc  taK  iwa  <olu»niue  nil  if*idt  c/  rfttai  f/riy.  th»*  in  thr  tut 
^1     mlsmii  bttac  (qual  10  IhoM  in  th*  preMdlnE  oAama  X  Vio  or  3.16.     Uuliiplrine  or 
^^      iiniine  ciiho  oJimin  by  1,  .v  >«  viy  othe  ftetor  vluucvcc,  will  give  ■  imw  cDlumn  »l 
tl.            V"*  "*  ■'1'*^  «al"r. 
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976.  Tliue  maximum  and  minimum  limiu  correspond  toa  diSerence 
1r  ccntrtfuK'iI  force  ol  t  (o  lo;  yet  it  will  be  seen  that  the  rexulting  veloci- 
ties difTer  only  ;)x  I  lo  iToor  I  to  3.16,  as  they  should.  It  will  also  be 
seen  that  the  permissible  speed,  by  whatever  standard,  docs  not  vary 
directly  as  the  radius  or  inversely  as  the  degree,  as  may  be  over>hastily 
assumed,  but  as  the  square-roi>t  ol  the  radius  or  degree.  That  is  to  say, 
on  any  three  curves  hi  ving  radii  as 

1.      3.     31 

the  centrifugal  force  at  any  given  velocity,  it  Is  tnie,  Is  a« 

3.    a.    1: 

the  coeficient  of  niety  against  overturning  or  of  diaagrceable 
kIous  effect  of  any  kind  ndraissible  under  any  circunutanccs 
road  operated  by  steam,  is  as 


mjm 


V%.    ^    VT. 

1.73.    1.41.    ijoa 


277.  We  m»y  also  note  that  the  maximum  necessary  loss  of  limetroi 
a  dead  slop,  in  passciiticf  service,  under  any  ordinary  circumstances.  Is 
only  about  three  minutes. and  the  loss  of  time  from  slowing  upfor  aquancr 
of  a  mile  or  ao.  under  the  quick  conimand  of  ihe  train  given  by  the  air. 
is  very  much  Iessih;<n  this,  while  ihe  i^iecl  rail  has  mnierially  reduced  the 
difficiiliy  in  and  objection  to  m.iking  tip  for  «uch  delays  by  higher  speed 
a.1  other  point*.    This  it  shown  moie  fully  in  Chap.  XIX. 

For  ireiglit  service  alternations  of  xpn-d  by  ilir  use  of  brakes  are  Kiill 
very  objectionable,  and  perhaps  will  long  continue  to  be  ;  but  ordinary  cur- 
vature docs  not  require  this. 

278.  Wk  may,  TiiERBFORE,  CONCLUDE  (in  part  on  the  auth 
ity  of  the  matter  referred  lo  above,  nhich  it  seemed  more  app 
priatc  to  postpone  to  Chap,  XIX.)  that  anydilTcrcncu  within 
power  of  the  engineer  to  effect  ts  not  likely  to  materially  affect 
the  ability  to  make  ordinary  express-tniin  time.  If  it  were  a 
qtiestion  between  »'  curves  or  ao",  or  between  no  curvature 
and  a  great  deal,  it  might  well  make  a  serious  difference ;  but 
under  ordinary  circumstances  the  question  is  rather  between 
say,  6°  and  10°  curves,  or  between,  say,  10  per  cent  more  and  i» 


I 


ptf  cent  less  curvature.  In  tiiicli  cases,  on  other  thun  trunk 
Uus  ninaing  fast  expresses,  the  imponnnce  of  this  particular 
question  U  not  simply  diminished  /ra  rata,  but  entirely  van- 

likt 

m<  Thr  ErrECT  or  curvaturb  on  the  smooth  udino  of 
(its  b  a  matter  of  rtiore  serious  moment  in  not  a  few  cases  of 
liwi  with  a  large  th  rough -piii. sen  ger  tratlic. 

For  day  travel  il  matters  Ickk:  tjut  there  h  no  doubt   that 
lincc  the  general  inlroduclion  of  sleeping-cars  not  a  little  travel 
bubeen  kept  off  the  New  York,  Lake  Eric  &  Western  Railroad, 
(or  example,  as  well  as  other  crooked  railways,  for  this  reason 
alooe,  when  a  straighler  competing  line  existed.     On  the  other 
htiiil,  the  number  ul  lines  to  which,  on  account  of  the  competi- 
tion of  other  and  straighler  tines,  this  is  an  important  consiilera- 
iMifl  is  not  very  great;  and  even  when  i[  is  or  may  be,  lliis  also 
B  peculiarly  one  of  those  cases  in  which,  although  a  perfect  cure 
would  be  exceedingly  important  and  valuable,  ihc  p<irtial  cure 
from  the  slight  modifications  which  arc  dionc  within  the  power  of 
the  engineer,  without  ven"  jreat  expenditure,  will  in  most  cases 
have  little  value.   It  is  also  to  be  remembered  thiit  if  a  curve  is  in 
thoroughly  good  shape  the  motion  of  a  car  i)^,  iificr  it  has  once 
entered  the  curve,  almost  as  steady  as  on  a  tangent.     If  llic 
centrifugal  force  and  superelevation  could  be  exactly  balanced, 
the  body  of  a  traveller  cither  in   a  sleeping-car  or  day-coach 
would  be  unaffected  by  either.     Unfortunately  this  is  out  of  ihe 
question;  but  the  worst  effect  usually  comes  from  entering  and 
leaving  a  curve,  and  this  again  chiefly  results  from  the  fiict  thai, 
as  roads  arc  ordinal  ily  I'^cated,  the  line  instantly  changes  from 
a  tangent  to  a  sharp  curve.     The  consequence  is,  inevitubly,  a 
dlugreeable  lurch  and  "  thud;"  \v)iich    would  be   much  worse 
than  it  is  except  that  (he  trackman  with   his  bar  corrects  the 
er-prs  of  the  cnginrcr  with  his  tr;insit  by  "easing  off"  the  curve 
al  the  ends,  extending  it  a  hundred  feet  or  more  on  to  the  Ungcni. 
but  of  course  necessarily  sliarpcning  the  curve  not  a  licile  for  n 
short  distance  beyond  the  technical  "  1'.  C."    The   latter  is  tin- 
fortunate ;  but  it  is  far  better  than  to  leave  the  curve  as  Ihc  en- 
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ginccr  stakes  ii  out,  and  it  never  is  so  left  on  old  and  good  tTnck,| 
10  fii  as  the  writer  has  observed,  but  invjiriabty  flattened  o((  ^t 
the  ends  bjr  the  trackmen. 

no.  The  "  euing  ad  "  ihould,  il  need  harilty  be  said,  be  rather  done  bfl 
the  cnsineer  In  proper  lurm  In  xhr  lint  place,  jn  luch  manner  a*  co  mvold  aJco 
■he  lenar  evil  of  a  klnlc  in  Ibc  body  ol  [lie  curve  A  simple  and  pr*ct!eal 
mclhod  Int  pulling  in  such  iraniitiun  curvet  involrrng  hardty  doy  eitra  work 
(or  ilii*  purpoac  (m  (act  rather  (aoliiitlng  the  6cld  work)  U  given  In  ihe  lletd- 
book  xhich  tucveeds  lhi«  tolumc.     Sec  a]soclo«e  ol  Chap.  XXX. 

301.  I<  may  lie  added  iliui.  as  more  (nllr  pointed  out  in  ihe  Gcld-bonk  re- 
(eried  10,  Ihe  use  vl  Ihe  pantbolu  intlrad  ol  circuTor  curve*  lor  railways,  pro-  ' 
posed  in  llic  CHtly  days  vl  nllMuy  contiruclian  »nd  in  n  trw  cam  used,  would 
buve  no  impuriani  ellcci  in  rcduclni;  ibe  evil  described.  What  is  wanted  Is  (1). 
10  eue  off  Ihe  curve  by  a  rapidly  changing  radlui  for  a  short  disunce  at  Ihe 
ends— u  ritAKtlTIOH  curve:  and  (3),  id  leave  Ihe  |iml  body  of  the  curve  of 
uniforni  radius.     This  Ibe  parsbola  does  not  accomplisb. 

362.  The  uoral  effect  of  excessive  curvaturr  to  nsTEit 
TRAvr.L-— or  rather,  the  mural  ellcct  of  known  cxrellcnce  in  that 
as  in  every  other  detail  tn  encourage  travel,  is  in  not  a  few  cases, 
— as  (or  instance  the  Pennsylvania  Railroad — a  consideration  of 
more  importance  than   appears.      Advertising  is  generally  re* 
gardcd  by  all  business  men  as  a  profitable  outlay,  even  when  it] 
is  kII  outlay.     When  the  advertising  is  of  such  a  nature  as  to  la, 
part  pay  for  itself  by  saving  expenses,  even  if  only  to  a  limited] 
extent,  it  becomes  of  course  still  more  destiabic,  and  in  the  ease 
of  railways  has  l)ie  peculiar  advantage  noted  in  Chap,  III.,  that 
any  additiounl  uiles  Uiey  may  thus  make  cost  almost  literally] 
nothing. 

In  the  case  of  some  few  roads  which  have  an  immense,  ait| 
almost  unlimited,  traffic  to  contend  fur,  ibis  consideration  itlon«l 
may  become  of  such  fjrcat  impiiri.nice  as  lo  justify  very  heavy! 
expenditure.     Thus,  the   policy  which    the  Pennsylvania  Railroad 
has  adopter]  of  polishinfj;  and  perfectinj;  their  line  in  this  and  in 
various  oiiicr  almost  fanciful  ways  will  doiibllcus  prove  a  money- 
making  operation,  and  largely  on   this  account ;    for  even  withi 
tlicir   great   traffic,  which   will    justify  almost  any  e\pcndilure    to^ 
effect  a  perceptible  improvement,  it   might  perhaps   be   diflicult; 
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to  i>»ti[]r  the  expenditures  whicli  tliey  liavc  made  to  tctke  out 
lome  <rf  their  curvature  by  any  correct  estimate  of  llic  direct 
ancg  in  operating  expenses.  One  of  the  "  almost  fanciful  "  ex- 
pcDititures  referred  to  is  to  sceiirc  absolute  perfection  of  appear- 
ioce,as  well  as  real  excellence,  in  itie  track  imd  riglit  of  way  by 
iretsbg  the  edges  of  the  slopes  of  t)ie  broken  stone  ballast  lo 
MOKt  line,  stone  by  stone,  and  by  eluboraicly  neat  and  laslc- 
fnl  road  crossings.  Another,  and  tlie  ore  more  particularly  re- 
ferred 10,  is  the  expenditure  of  occasionul  large  sums  in  ))oI(] 
^nei  10  eliminate  curvature  and  triflinjt  amounts  of  distance. 

183.  Qeiwecn  ITarrUburg  «nd  Philadelphia  the  Un«  of  the  Pvniitylvania 
RiiliMd  U  one  of  th«  moct  Ingiructivc  ptwtico]  Ic4«nni  on  Ibn  tuUjrct  nl 
nmtarc.  pcrlupt.  tibich  cx>*iii  in  llie  world,  Th<  old  >nd  vcr>'  cfookcd  lldi 
(dill  by  Ihe  Stale  ixarly  Afly  years  ago  is  <roucd  atmoti  every  hall-iiiile  la 
!»( ttratrhes  by  the  new  r  tliie,  nliichho*  been  coni^iruclcd  piece  by  piece,  and 
*Meh  bu  budly  one  lenil)  llie  curTiiuie.  while  :ii  no  pnini  more  ihkn  a  (ea 
budnd  fn<  ((om  ihc  uld  line.     Comparison  of  the  two  is  itttttuLiIx  i.i  ».>«* 

First,  and  chlefty.  the  old  line  it  an  example  of  hon  Immense  amount*  of 
mrr>tur«  may  be  inlroducrd  merely  from  funorHirc.  caicteSHnesa.  en  inoxperi- 
(nee.  withoui  Ibe  slixhleM  real  neecfaiiy.  At  very  many  point*  (he  new  lin« 
wu  no  more  expensive  iban  the  old.  white  materially  tieiter. 

Secondly,  ii  ti  X  nuny  paints  an  example  nf  jodiriouii  cnn^initiinn.  bulh  on 
ibe  new  tin«  and  the  old  :  the  uld  litie  being  very  cheap,  nnd  unswering  a  lery 
goad  purpose  wliile  capital  wil<  scarce  and  iraflic  li^hl.  and  Inuolviiiji  liule  loH 
to  ihiov  away  when  these  conditions  had  changed  10  a*  to  justify  the  new  line. 
Thin,  while  it  was  wise  lo  throw  away  the  work  in  ilie  end.  It  waa  alao  wise  10 
boild  it  in  ibe  brginninic. 

Thirdly,  there  are  various  pnitiis  where  the  new  line,  however  mote  pleas- 
ing to  the  ey«.  may  be  sern  to  be  fai  more  enpenslve  than  any  ordinary  iralfic 
would  juftilr  In  proportion  10  \\\r  end  aiiaincd.  The  Pennsylvania  Railroadi 
boweTer.  boa  not  an  oTdinary  Iiaffic. 

204.  But,  after  fill,  the  lines  are  few  which  have  so  large  a 
competitive  traffic  to  lose  or  gain  as  to  make  the  advertising  valwe 
of  a  belter  lineaconsideraiion  of  much  moment,  and  then  it  only 
becomes  such  whco  it  is  only  one  form  of  a  general  and  notori- 
uus  policy.  With  the  Pennsylvania  it  i«  ^o.  Its  track  is  weJi 
known  among  well-informed  tuilrojid  men,  the  world  over,  lo  be 
distinctly  superior  in  its  6Ri»h,  if  not  in  its  real  excellence,  '*» 


I 
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uiiyihlng  MliicI)  exists  in  any  pai't  of  the  woild,  and  (lie  same 
spirit  pciVMdcs  most  of  tiic  details  of  its  manogcment,  but  only 
when  the  competition  is  very  close,  the  traffic  very  heavy,  and ^ 
the  amount  of  avoidable  :>harp  cmvatute  in  question  very  large, 
could  it  do  so.  In  a  new  and  direct  tiunk  line  between  Phila- 
delphia or  Chicago  and  New  York,  for  example,  it  would  be  a 
very  important  considcrjilton, 

369.  So  far,  the  miscellaneous  and  iRdcCerminate  objections  to  | 
curvature  discussed  apply  chiefly  lo  passenger  travel.     Another 
of  great  impoftatice  applies  only  to  freight  traRic,  vit:  The  Er- 
FF.CT  OF  ctJRVATCKE,  and  especially  sharp  curvature,  as  an  OB-' 

STACLK    TO   THE    USE   OF    HF.AVV    AND    POWF.BFL'L    TYPES   OP    LOCO- 

MOriVKS.  Wiihoutatteinpting  to  suminuiiKe  now  the  mechanical 
reasons  for  the  conclusion,  which  arc  given  lutcr  (Chap.  XI.),  it 
is  a  fHct  lliHt.  in  spite  of  occa^innol  obslin,(lc  oppositinn  to  cer- 
tain types  (ft  engines  being  used  "on  our  curves"  by  men  who 
ought  I u  be  good  judges,  llierc  is  not  the  slighe»t  evidence  (o , 
slioiv  that  all  Ilic  types  now  in  use  are  not  mechanically  very 
nearly  on  a  par  as  respects  Die  physical  possibility  of  being  ad- 
vantageously operated  over  any  ordinary  and  reasonable  curva- 
ture. The  wear  and  tear  is  a  little  greater  with  heavy  engines, 
a.<t  we  sliall  see;  hut  that  is  not  now  the  cineslion  before  us. 

Certainly  up  tn  the  limit  of  lo°  curves  (573  feet  radius)  this 
objection  is  wliolly  unfounded.  Tlie  New  York,  Lake  lirie  & 
Western,  Baltimore  &  Ohio,  and  numerous  other  lines  (see  Table 
tt6)  have  curves  of  that  radius  exposed  to  the  heaviest  and  fast- 
est traffic,  over  which  Consclldaiioti  engines  run  without  the 
filial)  test  evidence  of  peculiar  difficulty,  danger,  or  wear  and  tear. 
In  the  dial  regions  of  Penn^ylvania  14'  and  16°  curves  are  not 
at  all  uncommon  on  branch  lines,  and  for  operating  such  lines 
the  Conitolidation  engine  was  (irst  designed  and  bad  Us  first 
succeu. 


286.  The  Consolidation  engine  was  designed  by  Mr.  A.  Mitchell,  then 
Master  Mechanic  of  the  Lehiyti  Valley  RuilrumJ.  in  \i^%.  The  tvpe  was 
to  novel  that  the  Baldwin  Locomotive  Works  were  reluctant  lu  under- 
ukc  its  construction.     The  Atchison.  Topeka  &  Sania  F<i  Raiboad  in 
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lltl  operated  t6*  curve*  with  11  60-ton  Consolidation  locofnoiivc  (see 
Tniu.Ara.SocC.E..i8Bo.PuperNo.CLXXX).  with  ilie  rcftult  thafjl 
tibifiewid  that  the  Consolidation  engine  irav-els  the  16'  curves  with  as 
Bubcite  as  the  ordinary  -  American  '  eogine,  and  causes  less  u-ear  o( 
BKltUd  permanent  wu)-." 

HT.  Ifl  lite  "  Seventh  Annual  Report  of  the  American  Rnilwny  Master 
HKburics' Association"  (1876.  p.  ij/acommltteeot  five  prominent  raasicr 
■cdunlcs  and  mechanical cnginccts report  as  follows: 

'With  reference  to  the  luarls  hauled  by  these  heavy  engines,  it  may  be 
•til  lour  ihat  no  practical  difticiitties  arc  experienced  011  the  Peiins^l- 
nnia  iihJ  Northern  Ceiural  milrokidK'  level  rlivisinns  in  liHuling  trnint 
Olkor  9a  loaded  cars  at  ij  miles  per  hour.  Tlieielniifc  train*  arc  hauled 
uoaod  liuup  curv-es,  of  which  the  radii  rant(e  (rum  650  feet  (8'  jo')  up- 
*i.-d.  In  exceptional  cases  very  much  sharper  curves  are  pasaed.  Thus 
4«ilic  Baltimore  &  ntiio  Railriiad  (hi^re  is^iYwIth  curves  of  1]6  Icct 
f»(lius(4J' curves),  and  Coiisolidalionengini^are  run  around  these  curves 
eitlMiiJt  trouble.  In  foci  no  difficulty  hat  been  reported  in  using  ihcm  in 
iJltjM*  like  ordinary  freight  engines." 

in.  In  the  same  report  (p.  133I  we  have  a  report  of  experiments  at 
KcBOVO.  01  tiK  Philadelphia  &  Erie  Railroad,  to  determine  the  relative 


Tablk  108. 
CovrAaATrra  Rcsistaxck  om  Curves  of  VAUiort  Tvpis  or  Locomotives. 

Atconliiii;  In  npcrlmenu  on  Ihc  PhlUclclphU  &'  Erie  Kulrood. 
[Dk  prfciH  remit!  o'  this  ubk  hmkoI  bt  aeitflfi  ai  aiimralt,  but  tXxf  at«  uf  f itluo 
■  thai  Iboe  i*  U  lean  no  great  dinernii-r  nfiiiitt  the  hMvirr  typis.] 
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curve  ivslstancc  of  various  englmra.  which  Indicate,  «o  far  ai  they 
tliai  if  wc  may  estimate  relative  adaptability  toaind  danger  ofl  various' 
curves  by  the  relative  resistance,  ihc  heaviest  class  of  engines  are 
least  ^s  well  adapted  to.  and  as  s^fc  »n.shar)icuri'c;a«anyi.t!tercUssof 
engines.  Table  108  gives  a  summary  of  these  eJtperiments.  which  we: 
made  by  Mr.  Isaac  Dripps,  General  Master  Mechanic  of  the  Philadclphi, 
&  Erie  Kiiilruad,  with  u  rccordini;  dynurooTnetcr  car  which  be  ffuarantec» 
to  have  been  correct ;  but  nolwiihfUinding  this  guarantee,  it  seeras  alnuuL 
certain  that  there  must  have  been  some  defect  o(  apiuratiu  which  par- 
lially  viti;ilc»  the  resulis,  aa  iliey  seem  unduly  favorable  to  ibc  Consoli- 
dation type.  Tbc  tests  muy  be  accepted.  howc\'er.  as  indicating  i^uite 
strongly  that  the  dirtcrcncc  is  not  great  against  them.  The  sfiecd  w 
kept  as  near  10  niile>  per  hour  as  possible,  and  the  citcct  of  varyiii; 
velocity  estimated  from  the  diagram. 
209.  Mr.  Drippi  says: 

"  The  locomotives  were  in  good  working  order,  and  were  gnv 
taken  for  the  experiments  as  soon  us  dciitched  from  their  tr^ni.  tbe 
preparation  necessary  being  to  disconnect  the  piston-rods  from  the  cross- 
heads  so  as  not  to  have  the  friction  of  the  piston  in  the  cylinders.  All 
the  other  connections  were  left  precisely  as  xi  running  by  steam.  10  that 
the  friction  due  to  ail  the  wurkinif  parts  of  tbe  locomotive. except  the  fric* 
tion  of  the  piston  within  the  cylinders,  would  be  indicated.  The  loco- 
motives ext^crimcnted  witli  were  pulled  byanothe'  locomotive  and  the' 
dynamometer  car.  Tliey  would  have  been  pushed  except  for  the  daiiyif 
ot  snow  blowing  on  the  track. 

"Thc*e  experiments  prove  conclusively,  that  heavy  locomotives  prop- 
erly dcsigniid,  with  a  shori-wheel  base,  and  with  as  many  bearing  points 
on  the  raiU  within  such  base  as  poasible.— thus  reducing  the  weight  on 
each  bearing  point,— will  passaround  curves  with  less  friction,  and  be  leas 
destructive  to  the  track,  than  the  ordinary  passenger  loromotive  of  much 
less  weight.  Of  coune  these  heavy  locomotives  arc  best  adapted  for 
slow  speeds,  and  will  show  tlie  greatest  economy,  and  will  work  to  the 
best  advantage  on  railroads  having  double  track,  heavy  grades,  and  a 
heav>-  freight  tralllc. 

"The  cBcctive  power  of  Consolidation  locomotives  is  joper  cent  more 
than  the  ordinary  six-wheel  connected  freight  locomotive:  and  from 
actual  scrvioc  i  liiid  that  the  locomotives  of  this  class  work  up  to  their 
powct  fully  as  well  as.  in  fatt  better  than,  the  six-wheel  connected  locomo* 
live.  Two  locomoiives  of  the  Consolidation  class  will  do  the  same  work 
^haul  as  many  ears— us  three  of  the  six-wheel  connected  class :  and  aft 
three  of  the  latter  will  cost  $10,000  more  than  two  of  the  fonner.  there  is 
thus  a  saving  of  1 10.000  in  the  original  outlay,  and  the  saving  of  wages  of 
the  cfL-w  of  one  loccimotirc  (and  train)  daily  :  and  with  a  properly  con- 
structed locomotive  of  the  Consolidation  cl.iss  ttic  running  repairs  for 
tonnage  hauled  will  be  less  than  any  other  class  of  locomotives  now  in 
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Bit  Oa  Ihe  nafTOW-gaugC  Denver  h  Rio  Grande  Railway,  which  has 
nmit*  and  30*cunrcs,  ihc  Consolidation  type  is  almost  excluiiivcly 
Utdlor  freight  Krvice.  the  whcclbaK;  being  only  a  little  shgrtcr  tliun  ia 
uiuil lOf  standard  gauge,  or  in  the  proportion  of  about  ii  to  ij  Igcl" 

m.  The  preceding  facts,  taken  aliogelhcr,  seem  conclusive 
thit  objections  to  the  use:of  any  reasonable  amount  or  radius  of 
cun-iture  whatsoever,  on  the  ground  thai  it  will  be  peculiarly 
(^jeciionable  (or  the  heavier  types  of  locomotives,  finds  but  lit- 
lic  varrant  in  fact.  Indeed,  it  is  noticeable  that  it  is  on  roads  of 
ffludi  and  heavy  curvature  that  the  Consolt<lation  type  has  been 
BOtt  readily  adopted  and  is  most  in  use. 

m.  We  have  now  discussed  all  the  indeierminate  and  imagin< 

iiive  (but  not  therefore  imaginary)  objections  lo  curvature,  and 

found  that  while  nil  of  them  have  a  fotinclacion  in  fact,  and  may 

tnai  times  of  great  imporiance,  yet  (hat  on  the  contrary  some 

of  them  are  always,  and  all  of  them  are  sometimes,  of  so  little 

noment  that  for  the  most  part  they  should  have  no  appreciable 

cflect   on  the  decision  as  to  what  curvature  to   use.     We  will 

therefore  return  to  the  concrete  and  defiuite  objections  to  curva* 

lure,  viz.,  its  direct  effect  upon  operating  expenses  and  on  length 

of  trains  (the  latter  considered  in  Chaps.  Will,  and  XIX,).     In 

order  to  discuss  these  intelligently  wc  must  first  consider  the 

abstract  question  of  the  mechanical   laws  of  curve  resistance. 

from  mistaken  notions  as  to  which  much  that  is  mistaken  may 

arise  in  practice. 


THl   MCCHAKICS  OT  CURVE   RESISTANCE. 

JOT.  Curve  resistance  baa  never  yet  been  cihaustively  investigated. 
»nd  our  knowledge  ia  in  several  respects  deficient  The  more  essential 
facts  are  now  tolerably  well  determined :  but  simple  as  the  subject  ap- 
pears the  mechanics  of  a  rolling  truck  on  a  curve  is— lo  determine  it  cor- 
rectly— a  very  intricate  problem,  the  solution  ol  which  we  must  attempt 
to  m^kc  clc^ir. 

293.  The  forces  arisit^  frocn  the  tact  of  curvature  are  of  three 
dsssesT 

I.  Forea  ori^ineiii^  in  and  tonfintd  in  fheir  aetion  to  tkt  truck  iittlf, 
causing  the  sIlppAue  of  the  wheel  on  the  rail  which  is  the  ultimate  source 
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of  ail  curve  resistance.    Th«  following  two  classes  ol  forces  can  only  act 
by  augmenting  nr diminishing  the  tormer: 

i,  Ctntri/ugat  and  tfntrt^tal /»r(t :  acting  upon  the  car  as  a  whol^ 

and  communicated  lo  ihc  truck  through  the  centre- pin  and  side- bearings.' 

3.  A /om  duf  to  oMfMi'ty  0/ /raett'om  ofigmai'iog  witWm  ibc  train  asa 

whole  and  communicated  to  the  car-body,  and  thence  to  the  truck. 

We  will  consider  the  nature  and  action  of  iliesc  forces  in  their  order r 
29*.  The  position  assumed  by  .my  rccanguliir  flanged  wheel-base  in 

paMintc  around  a,  curve  is  Kliuwn  bjr  ob- 
Kcrvniion  and  experiment  to  be  that 
shown  in  Fig.  10.*  The  front  outer 
wheel  crowds  hard  against  the  rail,  andi 
"^..^  the  rear  axle  then  a-tttunics  a  radial 
— — ...  position,  neither  flange  touching  the  ruil 
unlc&s  the  gauge  is  »o  titilit  or  the  wheel 
base  so  long  as  10  bring  the  inner  rail 
up  to  the  flange  rather  tlian  the  Han 
to  the  rail.     Fig.  10  shows  ihc  position 

of    STABLE    FjQinUIIRIVM    tO  which.    \l 

any  force  disturb  the  position  of  the  wheels  for  a  moment,  thc^  promptly 
reivifn.  Therefore.  i(  any  force  is  to  [K-rmiincntiy  change  their  potutinn 
it  must  he  Kiiffidcnt  to  slide  them  ?aterj|ly  on  the  itack.  Otherwise  it 
will  not  produce  motiiin  at  nil.  To  slide  the  wheels,  us  to  lift  a  weight, 
the  tVto  '>^  '"^  '"'^^'  requires  an  urcut  a  static  force  in  puunds  as  to  stidi 
it  a  foot  or  11  mile.  The  power  consumed  varies  with  the  distuD< 
moved,  but  the  force  required  to  produce  motion  at  all  does  not  var^-. 

This  position  i;  likewise  shown  by  experiment  to  be  assumed  just  the 
same,  however  great  or  little  the  superelevation.  This  fact  muy  be  ob- 
served by  watching  the  motion  of  cars  around  the  first  sharp  curve  in  anf 
yard. 

39S>  The  wriier  constnxtcd  some  heavy  model*  with  both  cylindrical  and 
•harpty  conrd  whcclt.lhe  wh«-l-bue  beinccapabtcof  increase (irdfcmsol  plea- 
sure, and  the  K'use  and  radiu*  being  likewise  adjustable  by  fnavine  the  rails.  The 
flanitei.  hovever.  were  made  almost  verUcal.  and  with  a  sharp  Interior  Allei.  in 
order  (»cive  >n  exact  point  to  mcuurc  from.     He  found  that  caning  did  not 
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"The  wri<*Tbeli«rct  he  was  the  lirst  to  ohservj-  this  r»cl.  and  determine  If 
experimentally.  The  iccnernl  f»c(  that  the  rejir  flsni^s  stand  aniy  from  boih 
raits  he  hai  since  found  hod  been  prcvtoDsty  observed  by  a  ntimbcr  of  individ- 
oals.  but  even  that  is  not  generally  known  to  this  day. 
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ondM  Um  ilishicii  InfluciKe  on  the  poiliion  HMuroed  ly  ihr  wIiccl'bMa, 

>tkk  Bu  Mr<rlab>y  ihat  »uieil,   the  (roni 

«wr  nhrtl  txiXK  alwajri  in  cuntaci  witli  Ihc 

nil  t:  f  Fig*.  2o  lo  23.  and  the  rear  ouicr 

vbctl  WHMllnK  amicf  (ram  the  i>il  hy  a  diilance 

4,  vlnb.  *o  («r  ax  the  wriler  cuiild  determine 

E.  iM  tlitarft  pi«iscl)'  equal  to  the  itii/djitie 

if  i 'kttj  tf  tteui  Ike  Itnglh  «/  Ihi  fnhtil  bait 

IM  f)(.  10),   (nilicaiing   thai   the  rrur   axle 

MM  iliraj*   TBdUI.       In   only   une   case  did 

•tit  (Ml.— In  thiU  outlined  in  Fig«.  it  10  3.1. — 

Md  ikea  only  beeanui  it  whs  jmptHilbIc  (or 

M  nbceli  to  >t«ume  It,     II  ihe  ffnuge  n>At  «o 

litK  ibt  ohrcl-lwsc  %a  toflic,  or  the  eurve  ao 

<hrp(«  any  lato  or  three  of  these  lo)(cihet)  thnt  the  dltlanre  it  by  which   the 

mt  nbtcli  natuntlly  tended  to  maod  away  (rotn  tlic  ouitldc  rail  was  itreaier 

■tta  the  play  of  ll>e  itauicc.  ihcu  ttie  (e,it  axle  timply  moved  uvcr  until  ii  |iK«M>d 

iplnit  (be  ioBer  raQ,  as  sbown  in  Fig.  11. 


Kio.  «. 
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SH.  With  European  rolling-Mod:,  having  no  truck,  thl*  coo<ti(ian  usually 
fcev^uii.  wt  that 
ikdr  ralU  wear 
9Hle  dilltrcnlly  oo 
ovTC*  (ram  oun. 
bcnh  InDcr  and  out- 
tr  rail  being  ground 
ky  the  flanne.     On 

lU* account  ili> Ire.    \_  \        ,.--■'''""         Fw.  m. 

^nenily  laid  down 
lA  Eu(tip«an  text- 
tiootia  thai  IW  po«l- 

■WD  outlined  in  Fis-  is  is  ih*  normal  one  (or  any  wheel-ba*e  tn  cun-es.  but 
ihis  error  arlws  from  iniufficietit  investigation,  and  is  disproved  by  American 
cxpxlcnce  a*  well  aa  cxpcnnieni. 

When  the  inner  rail  was  entirely  removed,  so  that  the  inner  wheels  nn  on 
ibdr  flanges,  (he  position  and  p*lh  of  the  wheels  was  In  no  way  anccicd.  show- 
IBC  llAt  ibc  tnner  rail  performs  no  necessary  function  in  guldlnj:  the  tniclct, 
tnu  nerely  snpporls  the  wheels, 

29?.  TbcM;  (attsdisprOTcthcold  hypolhcsiiihat  coning  would  enable 
[  the  wtiects  to  iulai>t  themselves  to  Ihc  uncqi^nl  length  of  inner  and  outi:r 
I  riU.  and  maintain  a  radial  position.    T1)r>-  can  only  do  so  when  the  Hules 
vidually  are  free  to  assume  n   radial  position.     Moreover,  uw>ng 
Jy  to  this  fact,  and  partly  to  the  cl!eci  o(  the  ordinary  wear  on  tan- 
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gents,  the  tread  wean  dowii  acu  the  flange  very  rapidly,  and  such  coo- 
ing as  there  may  be  soon  disap|>cars.  We  may  therefore  neglect  ii  her«- 
ftfier,  and  assume  ilic  wheels  to  be  cylindrical.  The  coning  now  put  in 
wheels  IS  chiefly  useful  as  a  prospective  provision  for  wear;  snd  czperi- 
tnent  shows  thai  whether  the  wheels  be  coned  or  not,  the  tendency  of 
»ny  (cctanguUf  wheel-base  is  to  roll  very  nenily  in  a  straight  line. 

2d8>  As  we  have  seen  that  the  rear  in.\c  is  always  nidial  tu  the  curve, 
the  front  axle.  Figv  20  to  33.  stands  al  in  angle  A,  Fig.  13,  10  the  ntil> 
«qual  to  the  arc  subtended  by  the  length  of  the  whecl-b^e.  /.     With 

K  j-ft.   wheel-base   (the  usual  Icttfiiib  (or 

freight  irucics;  this  angle  would  be.  on  a  1' 

.._..__„...  curve,  .OS'  or  3'.  and  proportionately  on 

—'•.4^  Other  cur\-es;  with  a  ii-fi.  wheel  bAte  the 

""""■  angle  is  o.i3*  =  7.a'.      The    dUtance    by 

—"-—•—  which  the  lear  outer  wheel.  Figs.  20  to  13, 

***  stands  at  a  distance  from  the  outer   rail 

(bcini;   cfjuai    10   the   vrrsrd   sine   of    the 

arc  subtended  by/}  is  readily  dctermiaMl 

to  be.  from  what  has  preceded, 


For  a  j-ft.  wheel-base.  ,0033  toot  per  d^^ree  of  curvature. 
For  a  ji-ft.  wheel-base,  aoia?  foot  per  degree  of  curvature. 


« 


299.  The  gauge  of  a  road  is  the  exact  distance  between  inside  of  raJb 
and  the  gauge  of  the  wheels  is  usually  set  so  as  tu  allow  a  normal  play  of 
from  I  to  }  inch,  avera^^ing  about  f  inch  or  .04  feet.     The  rear  inner 
wheel,  then,  of  a  j-ft.  wliecl>base  will  be  close  against  the  inner  rail  on  < 

.^2- =  17'  curve  4-.  and  a  13-ft.  wheel-base  on  a  -iSl.  ^  I'curvv +. 
.0011  0137 

In  wxtching  ordinary  cars  pass  aroundacur^-c.  however,  there  will  be  con- 
siderable fluctuations  in  the  position  of  the  rail  owing  to  irregularities  of 
both  curve  and  truck. 

300.  The  slipping  of  wheel  on  rail  on  a  curve  arises  from  two  causes: 
First.  Longitudinal  slipping,  due  to  the  difference  in  lengih  of  inner 

and  outer  rail.  This  dillcrcnce  on  any  given  curve,  or  part  of  a  curve,  is 
equal  to  an  arc  of  a  radius  equal  to  the  gauge,  and  the  same  number  of 

degrees  long ;  Le..  it  la.  on  any  given  disunce  d,       d  x-,  or.  oa  * 
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I'cwvttnd Standard gaugcitf  X  -^-  =  .aooSxJ.    OnsnyocbcfZ>° curve 

Stcoailljr.  iMtral ilipping.    TItc  front  wheel, as  wc  have  secii, standi 
H  V  uclc  ^,  Fig.  33  ur  a.  Fig.  24, 10  tlie  rail.     In  coiling  through  aii 


Pic  n. 

lobiutioul  disuuice  ^.  thererorc  the  wheel,  since  it  tends  of  itself  to 
rail  sinight  lomani  in  the  direction  PA  must  be  sliddcn  laterally 
Uroutili  a  disuncc  A  A'  =  d  ein  a. 

For  a  s-ft.  ttuckon  a  i*  curve AA'  =  d%\n  3' =  J000S71/. 

For  a  i3-ft.  iTuckon  ai°curv« .....AA'  =  d!,m  ja'  =  .ooz\d. 


% 


Tbii  lateral  »1ippin)f  lakci  place  only  00  the  front  axle,  since  ihc  icar 
aiie.  ax  wc  have  Men.  is  and  maintains  iueU  rudial  to  the  curve. 

301(  On  the  front  axle  bulh  lateral  and  longitudinal  slipping  \%  taking 
|dace  stmuliancously  and  continuously,  and  ihc  question  then  arises  how 
■be  loncitudinal  slipping  b  divided— whether  the  ouut  wheel  slips  for- 
ward or  the  rear  wheel  biickward.  or  the  total  amouni  is  divided  bttweeo 
the  two.  A  single  experiniciil  ha  to  ihis  point,  as  careful  as  its  dtlicate 
siuire  would  permit  with  ordinary  rolIing-siock,  was  once  niadc  on  (he 
"  Horw-shoe  curve"  of  the  Pennsylvania  Railroad,  with  ihc  cunduston 
llut  both  wheels  slipped  :  but  it  is  impossihlc  that  this  condition  obtkEns 
generally  and  continuously,  since  that  wheel  will  slip  which  can  slip 
eaiiest.  and  the  slightest  v:iriatir>n  in  ciihcr  the  load  or  the  coclTicient  of 
hiction  will  give  one  wheel  or  the  other  an  advanaKc  in  this  respect. 
Biber  ibe  superelevation  or  the  cenirifiigal  force  is  alone  competent  to 
prtxloce  enough  inequality  of  load  lo  effect  this,  for  one  or  the  other 
muM  always  be  in  excess,  unless  by  accident.  And  furthermore,  if  on^ 
■ilieel  should  begin  to  slip  first,  it  would  certiiinly  cnntinue  to  do  so,  for 
tl.c  tame  reason  that  when  a  locomotive  driver  begins  tu  slip,  ita  ratio  of 
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AdbeaiOR  (i-c..  COefficJent  of  friction)  is  heavily  reduced.  It  nvay  tbere> 
fore  be  considered  as  cenain  that  all  longitudinal 
slip  in  every  case,  unices  by  accident.  Is  confined 
lo  cither  (he  inner  or  outer  wheel  exclusively: 
although  it  may  not  be  the  same  wheel  for  any 
two  successive  axles,  nor  for  any  two  confcctitivi 
moments. 

303.  Admitting  [his  to  be  true,  the  truck  1 
rolling  oi)  a  curve  is  rotating  about  some  one 
wheel.  A  as  a  centre,  as  shown  in  Fig.  z\  \  and 
we  have  the  (ollowing  con<tiiion  of  things  in. 
say,  a  j-fooi  truck  rolling  around  a  curve : 
(t)  Oiic  (ear  wheel,  A.  is  nr>t  slipping  at  all  *In 


M 


Fic.  >i. 
elllicr  direction. 

<3)  One  rear  wheel  is  slipping  longitudinally  at  the  rate  ol  .00081^, 
(in  a  i3-(t.  truck  also.  oooialP). 

(3)  One  front  wheel  h  BUpping  laterally  at  tbc  rate  of  aooS^D  (I 
ll.  truck.  .00;  irfOj. 

(4)  One  front  wheel  is  slipping  both  laterally  and  longitttdtoally  at 
the  sa(ne  rates  as  ia  the  above,  giving  a  combined  nxe  of 


*'.ooo8i*  +«>o87'  d/y. 

Table  109  gives  the  su(nraary  of  the  slipping  thus  indicated, 

Tablb  100. 

ToTAt.  SUPPIKO  OF  0(«e  Wkiuk.  in  Farr  tmat'taxes  Placs  ix.PASSnm 
OVBR  too  Ft.  of  Vamous.  Cuavu.  _ 


j-Fr.  T«r<«;  4  Wmus. 

irFr.  TaucK:  4  Wxniv 

Pomuila.         1 

.* 

)• 

10^ 

»* 

I* 

s* 

10^ 

»• 

1 

■«■■ 

9  OQ 

■  J* 

JSOS 

.old 

a.aB 

O.Jl 

oSi 
an 
■  •6 

l.fi, 
«  W 

■  tat^O                 J 

T^UI  illp  of  ooe 

1 

or  for  ir-fL  CnKfe^ 
M  tbowB  lat^i 

.»J=- 

■  tsa 

>.<» 

(fc 

■HI 

•  » 

»■• 

">-» 

Ave>ic<  p«r»h»rt 

w'        1*1 

BTI 

'  1! 

j "  ■> 

e.«j 

'  1" 

>^ 

^H 

303.  The  formula  (4)  requires  explanation :    Since  the  wheel  is  slip- 
ping In  iwodircciionsat'right  angl(»tocacb  other,  it  will  at  eacb  instant 


CHAP.  VIII.— MECHANICS  OF  CVflPE  KESi STANCE.      2%J 


A  Utnr.  while  advancing  over  >q  inDDltesimal  disunce,  i.  Fig.  3$.  »11p 
Isii(iu<liii4lly  in  tlic  direction  a.  and  lawrally  in  Uie  direction  L    The 


ncdiitction  and  amount  of  slip- 
^«ill  tiKTcfofc  be — neither  a. 
nor/,  nor  both  logrlhcr — but  along 
ibttegDflBl  d.  Figs.  :6  and  37 
it^RKM  10  scale  the  actual  con> 

AlOK 

Thii  iji  merely  [oltowing  the 
bcrfutcntal  law  ot  the  compaxi- 


6 


B  .00087 

PlO.  >4,— It-TT.  TmiCl!.         FiC   17  — 5-Fl.  Tnutii, 

AmDitil  ind  ^nitimvni  cLcmenisoI  ihv  H\v^ 

(he  wJieel  A.  Fig,  >(.  in  pHt>*iut  utci  *  4ikL*iicc/ 

liot  ol  vek>ciiie«.  which  is  the  same  in  its  nature  as  the  composiltoa  of 
fanes.  It  has  bcirn  cureJoiily  auiimcd  at  times  tli;i[  a  tola!  sliding  ot 
liK«lied!i  rvpri->)cnied  by  the  atim  of  the  tw(j  aides  u  iind  /  rather  than 
tT(l<  bypothenuK  i^.  measures  ihe  distance  through  which  the  wheel 
tk)a.and  the  cooscquent  loss  of  (oo(-puundso(  eiietgy.  but  this  is  pali> 
i^i  rrroneous. 

304.  It  will  be  observed  that  according  to  Table  109  the  wear  due  o 

oin-dturc  on  the  front  wheels  is  more  ilun  double  (4.16  lo  1,641  ih^ii  on 

dw  tack  axles.     Any  check  upon  this  from  ubiecvcd  weai  of  car  wficels 

ia  In  tlie  nature  of  things  impossible  Irom  Ihe  (act  lh.it  Ihe  dircciion  of 

notion  o(  the  ear  is  reversed  with  every  trip.     With  engine  and  tender 

inicks.  however,  this  is  not  tbe  case.     Statistics  of  this  kind  likewise  arc 

ve<y  difTMzult  to  obtain:  and  the  (ollowiiij^liiile  table  (Table  1  to),  embnic- 

■ng  observuttons  on  the  Qtmdeti  A  Atlantic  Railroad,  is  all  of  the  kind 

which  the  author  has  ever  been  able  to  (li>covpr.     This,  however,  appears 

13  far  as  it  goes  to  strikingly  confirm  ilie  theory  advzinced.     It  is  to  be 

observed  that  Uicwcar  of  tender-truck  wheels  is  11.3  percent  greater  on 

IIk  front  than  on  the  back  axle,  and  the  wcnr  of  the  engine  truck-wheels 

37.6  percent  greater.    In  considering  these  figures  it  is  to  tx:  rcmem* 

bered: 

I.  Tbe  Camden  A  Atlantic  has  very  little  curvature. 
1.  Cur^-ature  is  only  one  cause  for  wiiecl  wear,  the  others  being  use  ol 
brakes  and  sand,  original  defects  and  regular  running  wear  on  tangents, 
which  would  be.  if  not  lubstantially  equal  lor  buih  axtca,  much  more 
nearly  equal  than  that  from  cur\-ature. 

The  average  might  be  and  probably  is  somewhat  allcctcd  by  a  ten- 
dtOCT — eopecbllyoii  a  small  road  where  tbe  engines  were  uell  known— to 
condemn  too  witecis  at  once  which  had  been  running  the  same  lime,  al- 
though there  might  really  be  not  a  little  ditTcrcncc  in  ihcir  wear.  The 
greu  excess  in  ibc  dificrcncc  in  wear  in  the  engine  trucks  is  notable. 
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Taiile  110. 
VtAR  or  LBADi?4a  K.vn  Tsaiumo  Wheals  of  Locomotive  kxo  TI 

TRL'CIU  on  TtIK  CamDEK  a  AtlJVMTR'  RAILROAD. 

(CoDpilvd  (roiB  Rtpon  to  Am.  Ity.  M.  M,  Anoc.  on  L«.  Wliccit  u<l  AiIatRfpL  i 

byRufu()lill,M.  M  ] 

EiioiME  Truck*. 


Slu. 

No.«t 

PUn. 

HlUUC*. 

Rcliiivc 

Lifaaf 

WAccti  Ml 

From  Axle, 

Htcli  Aile 

=  l.D. 

"— — "-T     ^^J 

Lead. 

Tni[. 

sSln. 
36  - 

»MCh. 

>8.m3 
15.461 

4S.M4 

.6;  J 
■573 

Av.  alt  eng.  WH^H 

Av.al1lTndeiwhc«H 
26.3)1.          J 

Av«nwe 

■a.sjo 

JS.016 

.634 

TKXaKH  THUCXtk 


30  in. 

38  in. 


10  each, 


S7-897 

30,365 


S5,3JJ 


31- M7 
31,736 
33.s6(> 
33.346 


38.410 


.87 

-904 
-805 


.ess 


Front  truck. 
Back  (rack. 
From  inick. 

BdCll  1TU«I[. 


The  Ubit  it  Mated  tn  han  Iwtn  nudr  np  from  rrcardi  of  coodcmned  whetli  ODl)t,J 
It  dots  not  givE  &  Ulr  Idu  ol  ihe  average  mllcigc  of  all  whccli. 


305.  It  dot«  nit  follow  ihni  the  total  slippage  and  hence  total  cu 
resistance,  of  a  »ix-w'hccl  truck  would  follow  cxactiv  the  sftme  Inw  at  that 
of  a  fouf-whccl  truck  of  the  sann-  length  of  wliccl-ha»c  and  carrying  the 
same  lond  :  but  it  is  useless  10  consider  that  <iuc:«l'ion  for  lack  of  positive 
knowled^  ns  to  the  position  n.nturally  assumed  l>y  »  six-wheel  truck.  U 
is  probiibU'  tlic  same  as  if  the  middle  pair  were  omitted,  but  tlierc  is 
evidence  of  ihnt  fiict. 

306i  .Although  we  have  seen  that  ooning.  however  much  or  littl 
there  may  be.  ha.i  no  it ifluenoe  whatever  in  practice  upon  the  position 
anumed  by  the  truck,  ye\  if  any  coning  exists  it  will  certainly  modify  the 
AMOUNT  of  Mlippinf;.  and  heiicc  the  mistance.  To  consider  how  much 
It  will  or  may  modify  ic.  however,  would  lead  us  into  hopeless  and  proBt- 
Icss  intricacy,  because  there  must  be  slippage  under  any  circumstances 
with  a  rcctaiiK'dar  whccl-basc.  which  will  speedily  wear  away  the  coning 
on  the  woiking  paa  of  the  tread. 


t 


CHAP,  vnt.— MECHANICS  OF  CURVE  fiSSISTANCE,     289 


llt>  protabic,  however,  that  the  effect  o(  the  coning  while  it  eiisU  n 
Mkrw/or  pasitiwly  injurioas,  taking  front  »n6  rear  axle  tcjjtftlier,  (or 
ik»tsoa  that  ttit  position  assumed  by  tlie  wheels  bcnnt  no  relation  to 
lkilm|«ir«J  by  the  coning  and,  especially  on  the  front  outer  wheel,  is 
faUr  to  increase  its  diameter  unduly. 

W.  So  far,  there  is  as  little  reason  to  doubt  our  correctness  as  can 
te  tipected  in  any  subject  «hicli  litis  not  been  cxiiausiively  and  ilior- 
««gU)r  titvestigaicd  experimentally ;  and  frictional  slippage  wliicli  has 
ttcieiUmated  includes  all  that  takes  place  between  r^il  und  wlicel  cx- 
<(pt  (I)  that  due  to  flange  friction  arid  (i)  the  possible  action  of  otlier 
lam  communkstted  to  the  truck. 

Ma  To  determine  the  leaistancc  arising  from  the  slippage  estimated, 
Uevefy  delicate  tiuestion  arises  o(  what  is  the  coefficient  of  sliding  (ric- 
iKAur^er  such  circumstances. 

Tlie  primar>'  tact  to  be  remembered  in  cnimating  this  is  that  the  \c- 
bciiy  of  the  sliding  surfaces  on  each  other  is  very  small,  as  shown  more 
iaWyka  the  following  Table  Itl.  computed  directly  from  the  preceding 

Table  111. 

VcLOCtTY  D<  Feet  Pcr  SEcnno  wmt  which  the  Wheei.  slides  on  tub 
Rail  on  Various  Cukvls. 


Vblootv  or  Si.iDmui   Pun  Pbh  Sicdmi. 

Vtucmr  Df  Tkaih. 

5- Foot  Truck.                  1 

i>Fsol  Truck. 

i' 

1' 

le* 

•a' 

I* 

I' 

■o* 

«•• 

TO  milet  per  hour. .  < 

.OI3 
.OlS 

.06 
to 

.09 

.13 

10 

.16 

.S4   ' 

to 
.J6 

.oia 

to 

■  034 

.06 
10 
■7 

.ta 
'34 

-a4 
to 

.68 

30  mile*  pet  kour.. 

.036 

to 
■OM 

.■e 

to 
-»7 

-36 

to 

.73 

to 

1.08 

.036 
lo 

.101 

.iS 
<    to 
■5" 

.36 

10 

1.03 

■  11 

la 

3.04 

Tabic  109^  by  assuming  that  10  miles  per  hour  =  1 5  (instead  of  14.67}  feet 
per  second. 

Our  knowledge  of  the  coefficient  of  sliding  friction  at  these  extremely 
iow  vetociitcs  rnxy  be  summarised  as  follows : 

I.  It  is  materially  greater  tb.-iii  at  ordinary  and  perceptible  velocities. 

].  It  is  %'cry  great! V  morr  sensitive  to  minute  changcAof  velocity  than 
at  ordinary  and  pcrccpiibk  velocities. 

J.  Its  maximum  at  a  velocity  01  0+  is  sometbmg  over  1  with  loco- 
motives and  perhaps  (  with  car  wheels  a^ordinariiy  loaocd. 
19 
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These  taws  were  most  authoritatively  determined  and  most  com< 
pleiely  illustrated  by  the  famous  brake  experimeiii.s  of  Capt.  Douglas 
Galton  and  Mr.  George  Westinghouse,  the  general  results  of  which  are 
embodied    in  Tables  112  and  113.     We  shall  have  occasion  to  refer  to 

Table  112. 
Coefficients  of  Friction  betwee.-i  Cast-iron  Brake-shoes  and  Steel<- 

TIRED  Wheels. 

[DctermJDVd  br  Biperiraeoti  of  Capt.  Douj^lai  Gallm  and  Geo.  WatLiighouie«  Jr. 

Tnru,  ln«.  M.  E„  i%ii.\ 


VaLociTV. 

CoiprictBKts  or  Fi 

ICTEOir. 

UilKS  Per  Hour. 

A I  Fine 

After  i  Sec, 

After  la  Sec. 

After  Tj  Sec. 

Aftrr  so  Sec_ 

o-|-to  I  or  3 
7* 

134 

17 

104 

87 

30* 

34 

374 

4« 

48 

54 
60 

350 
343 
313 
ios 
i8z 
I7t 
163 
"53 
153 
144 

13a 
106 
072 

.193 

■157 

.isa 
.130 

.107 

.096 
.093 

.oSo 

.063 

■  133 
.119 
.099 

.083 

.070 

.05B 

.110 
.tt6 
.081 

.069 
-0*5 

' " 

099 
073 

While  these  remits  are  unquestionably  more  nearly  correct  than  any  other  eiiitiog 
evidence,  Ihere  is  considerable  room  for  doubt  as  10  the  exact  values  given. 

Table  113. 
Coefficients  or  Friction  of  Skidded  Wheels. 

[Aa  determined  in  the  Galton-Weifinffhouie  Experiinenii.    See  Table  ti«.] 


CoarriciaHT 

OF    FaiCTKlN. 

VltOCITV. 

Miles  Pkr  Houil 

Sleel  Tire  on 
Slcel  RaiL 

Sleel  Tire  on 
Iron  Rail. 

0  + 

.343 

.347 

7 

.088 

.095 

13 

37* 
34 

.073 
.070 
.065 

.073 
.070 

41 

5* 
54 
60 

.057 
.040 
,038 

.037* 

.060 

*  Mean  ei  larec  (eii*  oolr. 
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Ifaot  caperimenU  frcqutnsljf.     Many  indepcndcnl  experiments  coaAmi 
llxircaKniial  truti.. 

309.  AwLiming  i  as  ihc  coefficient,  the  resistance  pi  the  wheels,  if  slii) 
ttxeugb  all  the  disunce  tbai  tb^  arc  adranced  along  the  tracic  would  be 
B  l:«.  per  ton. 

3000  X  t  =  SCO  tbs. 

At,lM>wever.  on  s  1*  cutre.  they  only  slide  through  an, avenge  of 
Aoorjol  ibai  distance,  the.  retistadce  arising  from  suiface  friction  only 
Uiactn  rail  and  wbeel  would  be  A  =  zooo  x  |  x  -00073  =^0.36$  lb. 

Tltii  is  the  curve  resistance  (except  for  error  in  the  coefficient)  thm 
Ofl  b«  Accounted  (or  at  slow  vclociiiec.  excluding  flange  friction  nnd  the 
tSKtof  shocks  .ind  [ricgularitics.  From  the  c'^'^'^'n'  '^wi  of  friction 
Mamiriscd  above,  it  would  seem  proluiblc  tliat  both  the  nurface  and 
tMgc  frktlon  would  decreii.-ic  with  cither  (i)  increnxc  of  velocity  or  (:) 
ftccmK  of  railjus.  whlcK  has  the  xamc  effect  to  increase  the  velocity  of 
fiiding,  at  any  given  npced. 

In  Appendix  A  wil)  be  seen  experimental  evidence  tending  to  support 
the  first  of  these  conclusions,  and  by  inference  ibc  second  also. 

310-  A  thif^  ihcoreilcat  cause  of  surface  ftlcllon  lias  been  suggested,  vit.i 
Kouilve  friction  of  thr  wheel  on  the  rail,  due  10  the  fact 
that  it  not  only  «lide»  but  revolve*,  but  tttcxistencc  can. 
Boi  be  conceded. 

Il  is  true,  as  claimed,  thai  the  aclua!  eonuct  is  b]^  « 
lurfaccand  not  aibeotctical  point  or  line;  bui  alihouffh  the 
wheel.  In  moving  throujtl)  >a  infinitesimal  distance  AB. 
Ttc.  tS.  Is  actually  relaicil.  yet  as  this  takes  place  simul- 
lanmusly  with  Ibc  other  sliding  its'  effect  is  simply  10  de- 
trtue  the  relocity  on  one  side  of  the  cenier  of  contact  by  a*  rauch  aa  It  in- 
creases it  on  the  other  side. 

311.  FijtNCE  Friction.— Wc  have  seen  that.at  each  Instant  of  time 
the  truck  rotates  through  a  minute  angle,  turning  as  it  were  on  one  or 
the  othecujf  its  rear  wheels,  ^.  Fig.  IJ,  aa  a  pivot:  ihcoihcr  three  wheels 
sliding  on  the  surface  of  the  rail  in  the  direction  indicated  by  the  dotted 
line*.  The  force  which  causes  this  rotation— the  only  force  which  exiiU 
to  do  SOr-ii  the  reaction  or  pressure  of  the  mil  against  the  flange  of  tlM 
front  outer  wheel. 

It  necessarily  follows  from  ihisfact  that,  assuming  that  ihe  coeflicieni 
of  friction  i»  not  aflccted  by  the  velocity  of  sliding,  tiiis  pressure  or  reac- 
Uoo  is  always  the  same  on  curvet.     For.  however  easy  tlic  curve,  a 


rio.4t. 
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minult  sliding  motion  U  continuoiialy  taking  places  caused  b>-  the  reac- 
tion of  the  (Unge ;  and  the  static  force  or  preuure  required  to  slide  one 
body  on  another  through  an  infinitesimal  diitance  i«  sutlicicni,  if  con- 
linuou&ly  applied,  to  slide  it  through  any  diitanee  whatsoever.  The 
POWKK  CONSUMED  varic*  with  the  degree  of  curvature,  bcatuse  power  or 
energy  of  any  kind  is  measurable  only  by  a  double  unit,  the  foicc  applied 
X  the  distance  through  which  it  sets.  The  lattct  ithe  distance},  we  have 
already  sceti,  varicii  with  the  degree  o(  curvature,  and  hence  the  puwcr 
coniurned  duo  uUu  ;  but  the  static  forck  applied  does  not  vary  with 
tile  degice  of  curvature. 

This  very  important  distinction  is  one  which  should 
be  clearly  comprehended  and  kept  in  mind.  A  very  mis* 
taken  idea  is  too  prevalent  that  ihcDange  presKUre  as  well 
as  curve  resistance  increases  with  the  degree  of  curva- 
ture. 

An  apparent  contradiction  to  this  statement  Is  tht 
well-known  excess  of  fl.ingc  wear  on  sharp  curves,  but 
this    is  r-ither  a    confirmation.     The    greater    diatance 
•lidden  through  pioduces  the  greater  wear,  not  K^eatcr  pressure. 

3l2<  The  front  outcrwhcel  alone  has  its  flange  normally  In  contact  with 

the  rail.    The  (orres  acting  upon 


iV 


•^.j; 


I 


.1 


Fio.  n. 


I 
I 


Fic.  )» 


the  front  outer  wheel  arc.  first, 
the  load, /.Fig.  19,  resting  upon^^ 
It.  acting  vertically  downward  j^^ 
secondly,  a  hori^tonrat  pressure  ^^ 
against  llie  rail  tulficieiit  to  slide 
three  wheels  (see  Fig.  3;,  ps^| 
186).  each  loaded  with  /.. 

Assuming  a  cDetficient  of] 
sliding  friction  of  o.3;.this  late- 
ral force  amounts!  In  0,75  L.  and 
the  resultant  in  magnituile  and 
direction  of  theiic  tvo  forces  is 
shown  in  Fin.  19. 

313.  The    manner  in  which  ^ 
the  various  forces  thus  meat-fl 


I 


ured  will  act  is  not  doubtful 
la  theory,  and  we  have  their  footpnnts  on  the  rails  themselves  to  ojnure 
na  IhU  theory  and  practice  correspond.  Instead  of  the  pressure  on  the 
nil  beli^  venicAl.  as  in  Fiu  30.  -ve  have  tlic  conditions  and  the  relative 
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pmitiofl  of  rail  :iii<!  wheel  sllown  in  Fig.  31.  Fig>.  33  to  41  ^ve  «  Mrki 
of  rail  sections  selccicd  from  u  tjreat  number  taken  by  the  writer  on  the 
Atlantic  &  Great  Western  (now  Ne«-  York.  Penn5ylvaniii  &.  Ohio)  Riiil> 
road,  showing  the  wear  which  actually  results  from  the  conHiEions 
vraicticil  They  were  exact  copies  originslly,  to  (ull  scale,  ami  are  no' 
ledDced  one  h«lf. 

l''ig.  30  l«  u  hull-Kule  section  o(  a  new  flange  and  rail  section  of  ordl*' 
•nry  lorra  (.they  vary  somevrhnt  in  outline,  but  thut  i»  unimporliint)  in 
theif  nuturul  relative  punilioii  aw  a  tangent.  Fig.  ^1  sh^ws  the  :>amr  ncw- 
Xf^  ,  flnngc  and    rail  senion    tn 

'vv»«"*'-."'«usi.:  ,  their  natural  relative  pcsi. 

tion  ON  ANV  ClRVl-  WHAT- 

RVKR.  however  sharp  oc  llai. 


IB 


(ft«'*ikiv    fun  it  Ion    fti 


Fit  31. 


The  tread  stands  entirely  free  of  the  top  of  the  rail,  the  snrfarcs  in  con- 
tact being  neither  ihc  horiitonial  trcaij  nor  the  vertical  Hangc.  but  the 
curved  surface*  whirh  iirr  perprndirtiUr  to  the  resultant  shown  in  Fig». 
39  and  31.  To  nncleriil.Tncl  this,  let  the  render  turn  Fig.  31  around  <liiig> 
onally  until  the  diagonal  stand*  in  n  vertical  petition,  and  let  him  con- 
ceive it  to  represent  the  vertical  force  of  ijravity  ;ilone.  He  will  »e«  that 
the  wheel  would  naturally  take  thit  po«ition — a*  natiir;ilty  iis  a  wheel 
shfiped  like  Fir.  41  rolls  on  the  central  curi'Cd  surface  instead  of  the 
aide  surfaces. 

314.  The  consequences  ol  this  condition  of  tiling*  are  these : 

First.  The  <ii»pro[K»rtion  in  the  diameter  of  the  wheels;  hence  the 

necessary  l<)njiit<)dinal  clipping,  and  hence  the  curve  reiistance,  is  materi- 

Dtly  increa.-ied.     II  the  increase  of  radius  of  wheel  be  A  '"^^-  the  extra 

distance  slipped  through  per  station  of  too  fe«l  by  one  wheel  will  be  1.16 
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lea;  «btcb,  by  referring  lo  Table  109  on  p»ge  1S6.  will  be  aeen  to  be  as 
OKh  a*  occurs  on  the  surface  o(  ilic  rail  on  a  4'  cur\-e.  This  incr«'jiBc. 
li  MIew*  from  what  ha&  preceded,  is  coit^tani  lor  4II  curves,  aril  thus 
itndi  lodlspfoponionaicly  increase  the  resistance  of  txi^  curves.  Bui 
fnCMcljr  how  much  the  resistance  thus  arising  may  be  nilh  new  whecU, 
rtaprofiikss  to  inquire.  iJcctusc, 

Sntmify.  Tlw  inner  nngle  of  the  wheel  and  the  outer  comer  o(  the 
nilitf^raduHlIy  worn  aw:iy.  the  );rcAtc«t  wear  being  always  on  the  corner 
<A\ht  outside  tiiil  and  in  the  direction  of  the  resultant  (see  Figs.  33  to 
MX  on  curves  ai  all  rddii. 

The  rapidity  of  wear  deiiend.%  tiul  upon  the  pressure,  which  is  con 
KMton  all  curves,  nor  (to  iixiy  marked  extent)  upon  the  angle  ol  wheel 
to  nil.  but  upon  the  amount  uf  Hlidin^  which  taken  place — or.  in  other 
woiijj.  vaiic9  directly  as  the  degree  of  curvature. 

US.  Finally,  from  the  effect  of  these  causes  we  have  a  stilt  further 
cbiDsc  of  coodllions,  vit.: 

TAiri/fy.  A»  ihe  vteat  proceeds,  the  surface*  in  cnntact  become  lurfirer 
Md  larger,  and  tins  introduces  n  fuitlier  source  of  ulippu^.  rail  wear  and 
fflrvc  res'stancc.  the  ultimate  form  of  which  is  shown  in  Fig,  41.  Th.it 
fantruLit  section  was  lakm  from  a  i6"  curve:  but  ihc  outer  rail  on  all 
nrves,  of  however  long  tadiuj,  tends  to  take  prcrtsoly  the  same  form  in 
the  end.  Thus  in  some  similar  sections  to  those  shown  in  Figs.  31  to  41. 
on  the  Pennsylvania  Railroad,  rails  from  4*  curves  after  sustaining  nearly 
lour  times  the  tonnage  of  the  rails  shown  in  Fi^.  34.  were  in  even  worse 
condition  tlian  the  mil  from  a  16'  curve  shown  in  Fig.  41. 

In  a  rail  worn  like  Fijt-  41.  the  true  bearins  «urfiu^c  on  which  the 

wheel  rolls  (compaie  FiR.  31)  is  directly  on  the  corner,  and  the  rubbin}; 

surfaces  above  and  below  arc  revolving  in  a  circle  of  nearly  1-inch  longer 

radius,  the  average  of  the  whole  surface  being  nearly  if  not  quite  }  inch. 

Itnecesaariiy  remits  from  this,  that  while  the  wheel  is  rolling  liirough 

any  distance  its  surfaces  slip  00  the  rail  through  ~;  '^  66  "'  ^'"'^  *''^ 
lancr  I  =  1.51  feel  in  100. 

31ft.  The  cnelTicienc  of  friction,  moreover  fas  well  as  rail  wear),  with 
Kicfa  large  surfaces  in  contact,  it  probably  considerably  larger  than  when 
the  bearing  is  on  a  mere  point,  as  in  the  unworn  rail.  Fig.  31 ;  for  the 
formerly  accepted  "law"  that  friction  is  independent  of  the  areas  in  can- 
tart  has  lieen  proven  untrue  for  lubricated  and  siil!  more  fur  unlubri- 
I  surfaces,  as  was  found  out  practically  long  since  with  brake-shoes. 
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The  Informatloa  on  friction  laid  down  in  most  ol  tbe  atancUrd  tcxt-l 
is  very  deceptive. 

317.  This  third  source  of  extra  rcsiMance.  due  lo  badly  wo«  fall«.  te 
reached  in  a  much  shorter  time  on  sharp  curves,  and  as  a  rule  czistsonly 
on  ihem  ;  but  nm-erthclcss,  when  It  exists,  the  amount  of  the  extra  re- 
sistance cauKcd  thereby  is  indtptmUitl  of  fkt  raJtus.  If  rail>  be  equally 
worn  ii  will  amount  to  subsiantiftll)-  <lic  same  on  all  curves. 

When  ibe  wear  has  become  so  great  ihiit  the  rail  hii.f  the  form  ol  Fii 
41.  so  tlini  the  flange  bears  against  the  rail  iilmost  down  lo  its  point,  t 
wear,  and  resistance  as  well,  is  doubtless  very  much  increased.  In  m  ]' 
ot  rails  which  have  been  all  exponcd  to  «ubstanli<iUy  the  iame  tonnage, 
like  those  m  Figs.  32  to  41.  thi.t  condition  will  Iw  likely  to  exist  uttly  <-a 
the  shiiTpest  cur\-es.  and  accordinjily  the  appurent  Indications  ol  a  test  of 
sudi  rails  will  be  that  tail  wear  increases  very  much  more  rapidly  ihnit 
the  debtee  of  curvature — m  fact  nearly  aa  the  square  ol  tbe  degree  ol 
curvature. 

The  writer  him.tell  reached  ihi*  conclusion,  (roni  the  only  facts  thei 
before  hira,  in  his  report  on  these  oliscrvations. 

318.  But  if,  on  the  contrary,  we  invcstigiite  Iht  ivnnagr  ntctttary  f, 
product  tk4  iauif  tftar  0/  raiU  oa  lUfftrtnl  i-«rrvj.  wr  nhall  hnd  it  to 
almost  directly  ns  the  degree  of  curvature,  and  thi.t  i.i  unduubtedty  the 
true  law  of  tail  wear;  from  which  it  followi  thai  (he  rate  of  wear  on 
any  one  curve  increases  as  the  rails  become  more  worn,  and  this  pro- 
duce* the  deceptive  appearance  of  a  rateof  wear  varying  as  some  funaion 
of  (he  square  ot  the  (l(-)(rce  of  curvaiure. 

319.  .'Vs  to  the  wear  on  the  inner  mil,  it  is  apparent  that  the  cflcci  of 
the  llangc  prcMure  (sec  Fi([.  19.  page  39l(  is  to  increase  by  about  one 
ihird  the  load  rcMinjt  on  tbe  front  outer  wheel.     We  might  accordingl; 
expect  that  all  the  longitudinal  slipping  would  be  confined  to  the  Inn 
wheel  which  runs  {see  Figs.  SO  to  13)  with  its  flange  entirely  clear  of  H 
rail.     From  this  we  might  expect  (1)  thai  the  wear  of  the  inner  rail  woiili 
be  wholly  on  top.  and  (1)  that  it  would  be  more  rapid  than  the  outer  raitV' 
This  is  always  found  to  be  the  case,  as  will  be  rviricni  from  Fig*.  31  to  41. 
The  excew  of  top  wear  00  the  inner  rail  would  undoubtedly  be  mud 
more  disproportionate  than  it  is  except  for  this  fact : 

The  bulk  of  tonnage  is  slow  traffic,  and  in  such  case*  the  excess  ol  t 
superelevation  over   the  very  small  amount    required   to  balance  th 
centrifugal  force  (i  inch  per  degree  at  1;  mites  per  hour;  see  page  ::98> 
produces  a  slight  exrem  of  load  on  the  inner  wheels:  not  sufficient  to 
counterbalance  the  effect  of  the  flange  pressure  on  tbe  front  aztc,  but 


il 
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isplf  Mfficlcot  to  oiuse  the  rear  utle.  both  fianges  of  wbkh  xlund  cleat 
tdhtrail.  10  slipentirclx  on  the  outer  rail  on  alow  trains,  as  being  the 
poiRi  of  least  resiSLBRCc. 

tlO.  Wc  thus  have  this  condition : 

(I)  The  (root  outer  wheel  produces  all  the  flange  wear  and  litt'e  or 
uot  of  the  top  wear, 

|i)  The  (rant  inner  wheel  produces  nearly  all  tlic  near  on  Inner  rail 
-eMfised  etitirrly  to  top  of  rail. 

(])  The  rear  outer  wheel  of  slow  trains  produces  nearly  all  the  top 
•or  on  outer  rail. 

14)  The  rear  inner  wheel  produces  only  the  normal  tangent  wear. 

ttl.  As  respect*  the  aggregate  amount  of  curve  resistance :  From  all 
(Int  data  together  ire  may  expect  it  to  be — 

iri  O.J7  lb.  (icr  ton  per  degree  of  curvature  as  a  minimum,  varyinc 
diintly  with  the  curvature,  pliii: — 

ID  Upwards  of  1  lb.  per  ton  aa  a  constant  addition  due  to  flange 
fnolM)  on  new  null  (auuming  the  coefficient  of  friction  to  be  as  low  as 
ai5.  as  It  appears  to  be  with  car  wheels.     With  engine-drivers  it  is  about 

(J)  A»  rail  wwar  increases  there  will  be  a  very  considerable  further 
tdditiun  to  the  resistance  due  to  the  flange  wear  on  worn  raits.  Thin 
t9ect  wilt  become  visible  very  much  sooner  oa  the  sharper  curves,  but 
ll  will  occur  sooner  or  later  on  aJI  curves  when  the  flange  has  cut  into 
llie  side  of  the  rarl, 

33l>i.  Let  us  compare  these  conclusions  with  experience: 

I.  Actual  experiment  on  the  63°  curves  (90  feet  radius)  of  the  New 
Yofle  elevated  railr-iads.  conducted  by  Charles  E.  Emery,  H,  Am.  Soc. 
C  E.,  shows  the  resistance  to  he  0.J3  Ih.  per  ton  per  degree  of  curva- 
tiiTc  on  new  rails  with  fixed  wheels  in  the  ordinary  mode,  and  0,33  lb. 
per  ton  with  kxMC  wheel*.  (If  the  readtrr  will  refer  back  to  Table  10? 
ind  (be  accompanying  di«cuiNinn.  he  will  see  this  to  be  as  nearly  as  may 
he  wliai  our  theory  would  indicate) 

].  The  late  Benj.  II.  L.itrobe  experimented  on  14'  eurve*.  with  new 
rails  alto,  and  found  the  rexintance  to  be  .40  lb.  per  ton. 

3.  French  experiments  with  about  I2>ft.  wheel-bases  on  easy  curves 
show  about  i.ij  lbs.  per  ton  resistance. 

4.  The  writer  made,  by  the  aid  of  ver>'dcliciile  electrical  appuratua. 
•hat  he  believe*  to  be  the  most  accurate  experimeius  on  train  resistance. 
» far  aa  they  went,  which  hare  as  yet  been  made ;  and  his  conclusions, 
10  tar  as  relatii^  to  curve  rtalataoce.  were  that  curve  resistance  Is  much 
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greater  per  d«gree  on  easy  curves  and  M  slow  speeds,  u  shown  in 
App.  A, 

332,  This  completes  our  analysis  of  the  fori!cs  origlnBting  and  acling 
within  the  truck  itself,  which  arc  the  ooly  one^  o(  tinportunee.  Let  us 
sec  what.  If  any,  cITcci  the  forces  acting  upon  ihe  car  body  and  train  as  a 
whole  have  to  modify  this  result. 

Centrifugal  force  and  supcrdcvalion  act  upoit  the  car  as  a  whole, 
and  ihcir  ctfvct  is  communicated  to  the  truck  through  the  centre-pin  or 
•idc-bcarin(^. 

The  centrifugal  force  C  \\\  lbs.  per  ton  of  any  body  movint;  at  V  mll«s 
per  hour  on  a  Z^*  curve  we  have  already  found  to  be  (cq.  (3).  par.  271), 

C  =  jOI33S  r»a (I) 

from  which  Table  106,  page  170.  woa  coniputcd. 

323<  The  superelevation  of  the  outer 
nil  creates  a  force  tending  to  draw  the 
,car  Inwaid  and  to  counteract  ilie  ccn- 
Irldigiil  lonx.'.  The  wci|;ht,  by  a  well- 
known  mechaiiiciil  law  (Fijj.  44),  bean 
the  sami:  raiio  10  this  force  a*  .f .  'f\^. 
43.  docs  to  the  superelevation  r.  On  a 
4  ft.  Si  in.  gauge  (say  4  ft.  lol  in.  cen'tc 
to  centre  of  rajlj  it  amounts,  therefore. 


Fio.  41. 


F'c-**. 


tn  tbs.  per  ion  per  inch  of  superelevation,  to  -5       x  Jooo  =  3404 '* 

The  maximum  .imount  of  elevation  which  \*  ever  to  be  found  on  rail- 
waj-5  is  about  8  inches,  creating  a  force  of  271.32  lbs.  per  ton.  Mary 
roads  limit  it  to  6  inchp5.  '>r  :o4.:4  lbs. :  but  we  may  for  safety  Buume 
the  m,jximum  10  he  10  inches,  or  340.4  lbs.  per  tun. 

Comparing  this  with  Tables  106  and  107,  "t  will  be  seen  to  just  about 
balance  the  cenirifugal  forces  at  what  is  ni;irkcd  as  the  maximum  safe 
speed.  accurdinK  to  usual  practice,  on  various  curves. 

324,  To  determine  tlic  efleci  of  these  forces  on  curve  resistance,  let 
us  iixsume  the  extreme  case— that  the  maximum  supercW.Aiton  Is  en- 
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vif  unbaliiuced  by  centrifugal  force.    This  b  the  uuaoot  limit  that 
ulnt  permiU. 
Tw  &t>t  cHcci,  with  the  centre  of  gravity  In  tlie  position  shown  in 

T%  4>  It.  bf  well  understood  mechanical  laws,  to  tliruw  '  '  or  ubout  70 

pffcem  of  the  load  upon  the  inner  rail,  leaving  only  30  jwr  cent  on  the 
MinniL  This  inciciue  of  Inail  will  comprcxii  ilic  s|>r[ngB  on  tlic  inside 
aid  (7  the  lunlicr  tipping  of  tlic  car  licicly  cuusc  the  inside  rati  to  carry 
tlect  fwnhK  or  mote  of  ttie  ti>ial  toad. 

ThCMCond  elleci  ii  to  cunfinc  all  longitudinal  slipping  in  the  outside 
•bn-Ji  u  being  the  moett  tightly  tou<le(l.  This,  however,  ViC  linvc  sceii  to 
bctbcuaeniib  the  front  axle  under  any  ordinary  circumstances.  The 
ktnl  sitp  of  the  front  axle  is  ol  course  not  alkctcd. 

Tht  tbinl  eHect,  resulting  iron)  the  cooibinaiion  of  the  above  causes. 


f ,3B0# 
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is  uj  cltRnge  the  magnitude  and  direction  of  the  forces  acilnK  on  each 
wheel  in  the  manner  shown  in  Figs.  4;  to  47.  in  which  ihe  solid  lines 
show  the  masnitude  and  direction  of   the  forces  nlicady  dcicfmined, 

Irpcndirnl  of  the  superelevation. 

Or.  in  other  words,  taking  from  Table  loQ;,  page  386,  the  slippage 
wliich  r^ularly  takes  place  u>  a  5~(ooi  wheel-base  on  a  10*  curve,  we 
have — 


SUpp*(c  in  (mi 

InaOHOf  L«d. 

5»p. 

OiOO 

0.81 
0.89 
1. 31 

50  per  cent,  increase. 
50    ■'       "       decrease. 
50    "      "      increase. 
39    '■      "      decrease. 

OiOO 

<Mt 

'■33 
■  74 

2.93 

1 5  per  cent,  decrease. 

a4« 

flew 
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The  further  resialance  Uom  flange  friction  on  the  front  oater  wb 
(m  alto  flange  rail  wear)  should  also  be  diminished  altout  39  per  cenL 

335.  We  thus  see  grounds  (or  believing  that  the  general  effect  of  evei 
an  extreme  amount  of  unbalanced  superetevation  m^y  be  to  someRhat 
decrease  the  remittance,  but  not  to  any  impurUnt  extent:  and  with  the 
ordinary  and  proper  limit  o(  6  or  7  inches  superelevation,  partially 
balanced,  as  it  always  bin  practice,  by  cciitrifu|[4l  force,  the  elTecl  he- 
comu  almost  insignificant  one  way  or  the  other,  although  still  apparently 
to  decrease  the  resistance  so  far  as  U  has  any  effect  at  all.  On  the  other 
hand,  a  similar  compulation  to  the  above  as  to  ihe  effect  of  an  unbalanced 
centrifugal  force  will  indicate  that  It  has  a  very 
similar  and  equally  inconsiderable  elTect  lo  in- 
create  ihc  resistance.  Fig.  48  shows  the  most 
objectionable  effect  from  excess  of  centrifugal 
force-     (Sec  par.  377,) 

336.  l^t  UK  nnw  sec  what  effect  such  tinbaU 
anccd  forces  do  not  have.  They  do  not  alter  in 
any  manner  whatsoever  the  position  of  any  of  the 
whetis,  nor  can  tliey  by  any  possibility  do  so,  tt 
would  appear,  until  the  centrifugul  or  centri 
force  becomes  a  force  50  great  that  it  would  slii 
the  wheels  laterally  on  the  track  if  the  car  wert' 
standing  still  on  the  rails,  which  would  be  when 
the  superelevation  was  equal  to  the  roeff./ric.  X 
gauge,  or  at.  say.  }  gauge,  or  about  14  inches. 
For  the  force  required  to  slide  a  rolling  wheel  on 
the  tail,  cither  lateially  or  longitudinally, 
neither  gre^iter  nor  less  than  if  the  wheel  w 
Standing  «lil1  (unless  there  may  be  some  slight  and  unknown  modifica' 
tion  of  the  cnefltcicnt  of  friction);  attA  so  long  .is  the  force  is  not 
rOLLV  sufficient  to  do  this,  it  has  no  effeo  at  all  to  move  the  body.  All 
it  can  do  is  to  increase  or  decrease  the  pressure  of  ilic  flange  against 
the  outside  rail,  and  this  (within  the  limits  of  safe  and  customary  prac- 
tice) only  to  a  trilling  extent.  This  results  from  an  elementary  mechani- 
cal Liw  which  has  been  too  readily  lost  sight  of  by  tlieorizcrs  00  ibis 
subject,  that  a  lifting  force  of  1999  pounds  U  as  incapable  of  lifting  a  ti 
as  a  force  of  one  pound. 

327.  The  rtal  objection  10  loo  much  superelevation,  or  to  too  high  ve- 
locity, is  its  effect  upon  safety.  Throwing  so  much  weight  upon  one  rail 
and  one  set  of  springs,  is,  if  carried  to  exocsi.  highly  dangerous,  ahhottgfa 
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iknucUnoe  is  not  in  any  cam  very  seriously  aficcted.  An  excess  o( 
fonlevation  would  appear  to  be  the  least  evil  o(  the  two,  however,  In 
ill mpecu.  for  we  have  seen  (par.  314)  that  it  has  probably  some  slight 
Ad  to  decrease  the  ceiistanoeof  the  slowest  frcrght  train. 

Sn.  The  Mtilrar;  a»umplion   is  very  gcneiul,  but  it  is  absolutely  un»up' 

ftncd  bf  experimcDta!  evidence  >o  (ar  as  Ibc  writer  can  discover,  and  il  cer* 

uid!  And*  imle  defence  In  theory.     The  tnith  ia,  that  much  ol  the  carreat  and 

i)bm  (iuIIm*  ditniMton  of  Ihia  topic  anions  road-niNBterK  mid  even  en£lneer« 

ta  lu  toot  In  ionifficicBt  examiniition  of  the  ine<li.-inics  of  the  problem .     Itis 

WPHtD  thai  ihe  two  obltUkively  evidenl  forces,  centrifugal  force  and  Its  oppo- 

«K  ue  the  only  ones  to  be  considerrtl.  and  (hat  Ihe  truck  i»  (hroirn  HKiinM  on« 

nl  M  the  other  by  these  forces  according  as  either  force  preponderates.     Yot 

M*  bit  only  to  WBich  the  wear  of  raiti  and  the  motion  of  a  truck  araund  a 

em*  10  (inil  that  Ibcre  is  tome  force  independent  of  either  (which  we  have 

aHl^rtcd  at  teagth)  which   presses   the  outer  whevi  against  the  rail  with  tie- 

Maion*  (one,  howerer  high  the  superelevation  ;  and  from  Ibis  it  follows  that 

n  il  Ike  effect  o(  the  other  two  ccntrat  forcei  •■/>•>>  /i'r  J»'tt  which  is  the  real 

fMbleiit  10  be  considcied. 

329.  We  conclode,  iherefot^,  that  the  centiifugal  and  «n- 
Iripeiat  forces  have  btit  a  (rifling  elTect  iin  curve  rcMstance,  and 
that  (tic  proper  rule  for  Kuperelcvnlion  is  to  elevate  sufficiently 
to  balance  Die  centrifugal  force  nl  (he  fnstesi  trains  up  to  a 
fnaxitnufi)  of  six  to  eight  inches.  This  will  slightly  decrease  the 
resistance  and  danger  of  accident  to  freight  ir^iins,  and  greatly 
improve  ilic  comfortable  riding  of  passenger  coaches,  provided 
always  that  some  uniform  rule  be  folloivcd,  since  almost  any 
nile  is  better  than  ooac. 

330>  A  third  *ource  of  possible  curve  rcsi^uncc,  omjquirv  of  trac- 
tion, affects  (He  train  as  a  whole.  The  cmtciitions  of  tiie  problem  are 
preseaied  in  Fig.  49. 

li  may  now  be  considered  as  established  that,  despite  a  prevalent 
impression  to  the  contra- 


'"''       v 


ty  fwhicb  many  able  engl- 

•ecrs  have  shaied).  no  lots 

ol  power  whatever  occurs 

from  this  cause.     Lei  OA.     -•' 

Fig.  45,  repreaeni  the  trac-  '"^  ** 

ttve  force  to  be  iran«mitied  throuKh  the  coupling  (?  to  the  car  A.     As 

tbeie  b  a  change  of  direction  in  the  force  at  O.  it  is  soinetini<;s  claimed 
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Ihst  no  force  OA  can  be  caused  to  act  on  the  MIou-ing  car  In  ilie 
changed  direction  OB  without  a  certain  loss  o(  tractive  force,  and  ticnc« 
waste  o(  energy.  This  position  '\f.  in  both  respects  tinsoiiiid.  There  a 
no  loss  of  tractive  force  at  eacli  car  dur  to  oMiqm'ty  of  Iraefion.  and.  even 
if  there  were,  it  would  not  necess<irily  iniply  any  waste  u(  cnecigy.  It  fol- 
lows that  the  incthu'l  of  analysing  the  strains  b>-  which  such  position  i» 
supported  (which  coniiists  in  making  the  angle  OCA,  Tig.  49.  a  right 
angle  and  then  taking  the  force  OH  =  AC.  or  les*  than  OA/  b  incorrei-t. 
331.  The  correct  way  of  reprcMrntinjc  the  action  uf  the  (orccH  involved 

is  by  the  purulldofcram  of  forces  ahown 
in  l-'i]{.  49,  which  >hou!d  be  conitructed 
as  sliown.  with  O/l  =  OA.  the  force  OA 
being  truuMiiit ted  undiminished  through 
('  iiH  around  a  pulley;  the  lateral  sires* 
OC"  having  no  more  effect  to  reduce  the 
force  Off  than  the  stress  OC.  Fig.  jo^  has 
to  make  the  force  O/l  less  than  OA.  Boib 
in  Fipt.  45)  and  Jo,  if  the  stn-'an  OC  i»  suf- 
ficient to  produce  lateral  motion  in  the 
direaion  OC  by  overcoming  the  static 
rexisUnce.  it  will  or  may  consume  power,  and  the  lo:te  OJi  may  be  th'ij 
quite  different  from  AO.  but  otherwise  not. 

In  a  train  of  cars,  the  laier^l  component  lian  only  the  effect  to  mf- 
nutcly  increase  the  lateral  resultant  of  the  superelevation,  which  we  hmvt 
jtist  seen  tends  to  decrease  the  re«i*tanc-e  (if  anything),  bin  h.i»  no  effect 
to  change  the  position  of  any  wheel,  or  to  increase  perceptibly  the  pres- 
sure of  the  wheels  against  the  rails. 

Conceive  the  track  to  be  a  complete  circle,  and  the  train  to  com- 
pleicly  fill  it-  Conceive  the  floor  of  the  cars  tn  be  a  rigiil  ronltnuous  cir- 
cular platforni.  There  would  then  nowhere  be  a  lntcr;il  resultant  of  ihe 
kind  difcuMcd.bui  nn  reason  is  apparent  why  the  curve  rc«i»tance  should 
be  either  greater  or  less. 

333>  Tiic  transmission  of  force  from  car  to  car,  through  a  tmin  o«  a 
curve,  is  an  almost  exact  mechanical  parallel  to  the  transmission  of 
power  by  a  rope  or  chain  over  a  pulley ;  the  rope  being  the  siring  of  car 
bodies,  and  the  car  wheels  the  pulleys.  The  fact  that  the  pulleys  are 
carried  by  the  n>pc  iiself.  instead  of  in  a  block  csteriof  to  it,  19  a  meie 
detail  not  alTecting  Hie  mechanical  conditions.  In  either  case  the  )oa» 
from  such  transmission  is  simply  the  friction  of  the  pulley.  Conceive  a 
chain  made  of  successive  links,  each  carrying  a  pulley  wheel  and  being 
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ia^gA  nwcr  a  targe  r>'1inrler  or  succession  of  cyllndcrii,  large  or  smnll. 

Cwnive.  (urtlicr.  the  rope  to  be  so  long  and  the  Inctlon  of  llic  pulleys 

ipptwihai  ihc  whole  power  of  the  prime  noi'cr  is  coimiimcil  in  kccp- 

4g  the  clwpn  in  motion  at  uniform  speed.    We  have  here  ji  perfect 

MCtaitciil  parnllel  to  a  train  in  motiuti  on  a  curve,  except  (or  ihtr  one 

aUwbailiiit  the  n'nulianiof  all  the  forces  acting  on  the  nhcels  does 

MIn  cue  ol  a  railroad  Iniin,  tie  exactly  (allhtiugh  it  docs  neiirly)  in  the 

flut  of  the  whecU  Iheniielveii.  whereas  in  the  case  of  the  pulley  wheels 

It  duo.  But  no  resiMance  unacs  at  the  coupling-put  tits  from  "  change  of 

AntKon. '  or  ubiquity  'A  traction,  or  from  any  other  source  than  tlie 

teiiun  uf  the  pulkys  proper,  in  cither  case.     It  is,  of  course,  true  that 

llvtcuuancc  o(  the  rear  pulleys  would  tend  to  pr«»eacb  pulley  in  ad- 

nuccmoee  tightly  against  the  surface,  and  so  produce  greater  friction  in 

AcpDiIrt-  Itself  than  would  oihem-ise  exist ;  and  similarly  in  the  case  of 

xalroad  train  it  is  entirely  pertinent  in  prove  that  a  lateral  centripetal 

tor  \%  produced  by  obliquity  of  imclinn.  so  that  the  rrsutiant  of  all 

fwon  docs  twt  lie  in  the  plane  of  the  wheel,  and  ihHt  this  (act  produces 

ireMer  (riction.    The  latter,  however,— the  only  possibility  pertinent  to 

deeoM, — is  commonly  neglected  in  discussions  whicli  assume  that  lateral 

letulunts  from  obliquity  of  traction  inditalc  from  ikdr  mere  eiiilenet  a 

\j»  o(  energy.     Fokci;  i.e.,  static  stress,  is  one  thing,  resistance,  i.e., 

iltMfuaion  uf  dynamic  energy,  is  another  and  quite  different  thing.    We 

ea>not  figure  away  energy  with  a  parallelogram  of  forces,  but  inusi  i)rove 

when  and  how,  if  at  all.  it  is  lost  by  additional  friction.     As  a  matter  of 

there  appears  to  be  no  loss,  but  a  trifling  gain,  under  ordinary  con- 

litinnt^  from  ifae  fact  thai  the  centripetal  tendency  is  mcreascd. 

333.  Tbere  it  so  much  rnlKimcepilon  a*  to  (hi*  maiter  ihat  we  may  en* 

deavof  10  in>k«  il  siUl  clnret.     In   Pic.  si  let  tlir  lines  OOP  icprcscoi  ih* 

o(  iHo  nicccisive  cars  movinx  in  eiilier  direction  ;  PF,  Ihe  two  coupling- 

111.  ^n^L.  (be  coupling  link.    Let 

Ihe  lines  SS  rrpertcni  In   magnU  ■)•  ^Ai*:.— -'• 

tude  and  direction  ibc  tctisilc  force 

aciiag  upon  ik<  link  and  tenillng  to 

nptnrc  It.     As  a  miner  of  counr, 

liirie   forces   i'  inuit  be  eqtial  to  **• 

c«cb  oLh«r,  since  action  and  reaction  are  equal,  and  when  icsolved  Into  forces 

acting  alons  tbe  axes  of  thec)ir4i!ii«  makes  the  Inner  also  equal,     T>ir  losses 

el  lensite  force  front  car  to  cat  occur  at  the  centre  pins  0  of  each  car.  and  not 

■I  ih«  eoupliRt  polois  F,     The  tension  on  the  front  end  and  back  end  of  Ihe 

ikaw  gear  of  any  jciveo  car  is  always  dlflereni  by  the  aincmnt  of  the  (riccional 

teslsuace  ol  thai  car  :  but  the  longiludinal  strains,  parallel  with  tlic  rcspeciive 
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■x«s  0/  the  can.  on  (he  rear  draw-Kcar  of  a  (orwaiil  car  and  ihe  front  ilrai^ 
gear  of  a  Tear<af.  a^c  alwa^r]  cqua)  ic>  each  oihrr  in  mjijcniluilc.  a]ih<iuj;h  difler 
cnl  in  direction  by  the  amaunl  of  the  a,ni;\e  treiween  ilic  axes.  Tbal  i*  10  uy, 
the  dinilnuiion  of  tenillc  force  from  car  10  cat  i>  internal  to  each  car,  ai>d  not 
al  at!  at  Ihe  luupUiiji-piiiiit. 

334.  But  tlie  point  is  not  worlli  disputing,  for  the  Iom.  if  it  wei 
granted  tn  usiM.  is  very  small.  Asiumiii};  the  car  bndy  to  be  30  feet 
lonR.  thedfflcciion  antcle  OAC,  Fig,  49,  will  evidently  be,  00  a  />*  curve. 
0.3/Jor  18'  X  v.  and  o(  tho.trwrtive  force /"(  =  (JW.  Fig,  49)  there  will 
be  ftn  ansumed  loss,  M-hicli  let  =  L.U.  each  coupling,  from  obliquity  o( 
truction : 

/,  =  /■(!  -co«  18')  D  =  Q.0CXIO16DF. 

The  tractive  force  of  a  Consolidation   engine    is   Bomeihing 
30,000  lt>3.  at  the  engine  and  jtero  at  the  end  of  the  train,  averaging,  say, 
10,000  lb6.    Then  the  loss  per  car  will  average,  on  a  t*  curve» 

L  =  o.itilb.  per  car, 
or,  on  a  to*. curve  with  it  60-car  train. 

Not  a  very  serious  matter,  oertaioly. 

335.  Wk  CONCLUDt,  THEKEFOXE.  AS  TO  CtlRVB  RESISTANCE  I 

I.  Obliqviityof  tfiiction  atiil  the  length  of  the  train  have  no 
appfeciublc  effect  to  modify  curve  resistance. 

3,  Centrifugal  force  within  the  limits  of  practice  has  but  It 
tie  effect  on  the  resistance,  bul  that  little  is  to  increase  it. 

3.  Ceniripeia!  force  from  superelevation  wilhiti  the  limits  ol 
safe  priiciice  has  but  little  eflect  on  the  resistance,  but  thut  little 
is  to  reduce  it, 

4.  The  best  rule  for  superelevation  is  to  elevate  for  the  fast* 
est  regular  speed  up  to  a  maximum  limit  of  6  to  8  inches  in  all. 

5.  Rail  wear  and  curve  resistance  over  rails  in  the  same  con- 
dition Mre  as  nearly  as  may  be  directly  as  the  degree  of  curva- 
ture, with  some  minor  elements  which  are  independent  of  radius, 

6.  Rail  wear  and  curve  resistance  are  appreciably  less  with 
new  rails  than  with  old,  and  become  greater  as  the  outer  rail  is 
worn  away  to  the  shape  of  the  flange. 

7.  The  pressure  of  llic  flanges  against  the  rail  is  the  same  00 
alt  curves  independent  of   radius,  but  the   wheel  stands  at 
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Kitaier  angle  (o  the  rail  as  (he  curve  Is  sharper,  und  likewise  is 
iiiijiss  lnncT  on  the  !iurfac«  u(  ilic  mil,  increasing  the  danger  of 
dnmlmeiit  correspondingly,  by  %onie  unknown  amount,  but  Dot 
BUtly  in  proportion  10  i)ie  degree  u(  (he  curve. 

&  The  lowest  probable  limit  of  curve  resistance  at  ordinary 
triight  speeds  and  in  ordinary  curves  is  about  }  lb.  per  ion 
per  (kjjfce  of  curve,  with  all  in  pcrlcct  order.  With  worn  ruili 
'iKlwmewliBt  rougli  track  it  may  be  as  high  as  |  lb.  per  ton. 

9.  While  so  obscure  a  point  cannot  be  considered  as  cstab- 
Nicd  by  the  existing  experiiiieniul  evidence,  all  the  more  trust- 
■tinby  existing  evidence  seems  to  combine  with  theory  to  Jndi- 
CM  iltat  curve  resistance  per  degree  of  curve  is  very  much 
IPtolcr  uit  easy  curves  than  on  sharp  curves  ;  so  that  when  the 
nstsiaiice  is  1  lb.  per  ton,  for  example,  on  a  1"  curve,  it  may  be 
itaS  lbs.  per  ton  on  a  10"  curve,  and  not  more  than  15  to  18 
l!tt,  per  ton  on  a  40°  to  50°  curve,     (See  Appendix  A.) 

io.  It  may  be  considered  established  ihiii  curve  resistance  is 
alTected  somewhat  by  the  speed,  and  probably  by  a  very  consia- 
able  percentage:  so  that  if  the  curve  resistance  in  motion  be 
jib.  per  ton  it  may  be  as  high  as  1  lb.  per  ton  on  worn  rails. 
for  speeds  of  less  than  4  or  5  miles  per  hour,  or  for  the  hrst 
train  length  or  thereabout  in  getting  under 
war.  As  a  stoppage  on  any  curve  1*  always  '^f'fut/i^silp. 
a  possibility,  this  contingency  shmitd  not  be 
forgotten  when  reducing  grade  on  curves,  es- 
pecially near  possible  stopping  points. 

It.  The  benelkial  effect  of  the  narrower 
gauge  is  small  with  the  same  length  of  wheel- 
base.  With  a  .{-ft.  gauge  as  against  a  4.7-ft. 
gauge,  with  a  wheel-base  of  4.7  ft.,  tt  is  about   p,,,,  |,.wBmcT  ot  ihr. 

,1 i  ,  r««iLi»<«   OF    Gst'C"  <)■ 

1     T4-T     +4-7  O.64J  .  CtuVB  RH»t<KCI. 

as  (not   exactly  as)    -■- — L-7..'-.  =  — ^;=i     !«"«<»  WHi-riM^ 

i^    ,t     l_    .   .<  e.^TO  HKKMHIKr-rir*  ..nr 

'    J    T  4-7  ^  •"  rrne    <om(«r*ine   tllp. 

les9.asoutiinedinKig.51.  Withawhccl-bHse  flJi/V^^™  "'V^™' 
of  V  theeatnisonlv  — ^=  la  percent  less.  "•"»«'*■  G.iBasi4.c.\ 
I^  howex'er,  the  length  of  wheel-base  decreases  with  the  gauge 

30 
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the  gain  is  directly  as  the  gauge.      All  the  prccoding  refers  only 
to  the  surface  friction  on  the  top  of  rail,  flange  friction  bein{ 
much  less  affected.  6y.e^^*^»iWp 

13,  Increasing  the  length  of  wheel-base, 
say,  from  gauge  to  2  gfuge  increases  curve  (ric 
lion  as  outlined  in   Fig.  53,  in   the  ratio  of 

H2i=58perccni. 

336>  Pcrhapt  the  best  eiisiing  enperi menial  conAr- 
xiatlon  of  ili«  cltvenlh  conctuiion  above  It  10  be  found 
in  toinc  dcllute  experimemt  on  mudcU  by  Mr.  Reuben 
Well«  [Rcpl.  Atn.  Ry.  M.  M.  Assoc.  it;(i},  which  have  at- 
ttaded  lar  tcM  aiicniion  than  thcli  meiit  dncives.  While 
no  one  l««[  of  any  kind  can  be  coniidcred  decisive,  the  ic«ii 
do  afford  an  indicalion  which  i*  peihaps  moic  dellcuic  und  re- 
liable as  a  te»l  of  principle  Ihan  coul^l  nti^ily  be  made  tviih  the 
actual  lolling-stoclc.  With  trucks  repretentlnj;  to  ^  scile  * 
wbecl-tuue  of  4  ft.  ii>  in.  and  b*"!!"  "f  S  I'  and  4  ft.  8i  in.  on 
*  curve  reprettenline  to  the  same  -icale  one  of  300  (l  r*Jiui 
and  an  't-  Ions,  fravliy  being  the  impelllnB  force,  Mr.  Wells 
found — 
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7-59 
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lUslttsoce-.  1b«  per  ion  f «etus1\ 
St  O,  N.  (1.  P- '.  •>'  K.  C. 

46.80  3q.i-l  83-ft 

4i.t)f>  41. (*  8s. ' 

4*. 76  4t ,66  qi.o 

68. so  &4-t°  96-0 


By  formula  abore; 

(he  per  cent  o(  N.  Gj 

ibould  be,  unlfortnljrj 

Sj.7  p.  «■ 


U  we  cnnalder  that  in  thete  ohnerved  resistances  the  normal  ungef)i  roB^ 
inRtriciion  in  incJuilcd,  wherea*  in  Ihc  (ormala  it  is  not.  ibc  two  roiretpond 
wondcrtullji  closely,  iiidicaims-  however.  Ihwi  the  ahtolutc  amount  iif  curve 
TCSiMance  iletteasei  with  ihe  iipeed— •hlch  is  probable  triitn  other  reason*. 
The  lest*  were  made  by  raisini;  the  track  to  a  grade  which  would  give  tiie  de- 
sired velocitj-  and  the  resisunces  in  lb».  per  ton  deduced  iberefrom.  The  h>|{h 
absolute  amount  of  the  latter,  compared  wiih  normal  rollliiKitock  resistance. 
should  not  be  allowed  to  convey  an  impression  that  the  model*  weic  rough. 
On  the  contrary.  Ihey  show  that  II  was  very  drlicalely  ronsiructed.  as  Ihe  re- 
xsianccs  ftr  Ibh  of  its  actual  weighl  are  but  little  more  than  ihrce  limes  what 
mi^hi  be  rxpeeied  wiih  fully  loaded  car*,  which  Is  even  less  than  ihe  probable 
difference  in  ciefflf  lent  ol  (riction  <1u«  lo  (he  dilleirnce  of  load. 

Mr  Wells's  piimary  purpose  in  undetiakinit  ihesc  icum  »«»  to  determine 
bow  much  there  might  be  m  Ibe  alleged  theoretical  advantages  <A  >oosc  whee^ 
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btpMilBI  CDfTc*.  He  found  Ihit  In  no  eacc  was  much  gained,  while  In  *oni« 
OMitlwIiiOM  ••ht'U  vrrc  H  piniiivr  (li«a4vantiti[T.  The  prccnlinK  tbe^reti- 
ol  ftNUuion  ">(  iht  meclianit*  o(  mrve  rcsiiiince  miij-  be  leadily  (hown  m 
pMiMdlrntly  lo  ttic  aame  coticluiion.  and  almoii  10  Mr.  Weill's  idenilul  Bf- 
UN,  kal  it  jjipc.ited  expedient  to  exlcnil  thii  iJiiictiMiim  iot  ihm  purpoM. 

137.  The  Ule  B»t»ii  Von  Wcbcr,  whotic  k'""  Mtvicrt  lo  the  cause  of 
■MSM  entitle  anjriliing  vouched  lor  by  h^tn  lo  x  presunipiion  in  it*  lavor, 
pit  otrency  to  a  Tcry  abaurd  fofmul*  in  respcri  lu  curve  (eiltlancc,  vhicb 
hf  ten  ^uUr  «stea«ively  quoied  *»  iruKwonhy,  ai  it  ■»«  alleged  to  rc«t  on 
MMfitcnsire  aoi)  eUborsic  experiment*.     Thi*  lotmuU  save  ilie  lotui  rcsi«t- 

Mce  u  a  (auction  i>l  -- — '•  ^  '^■"S  tbe  radlm  in  metres.  Tbi*  formula 
fiX)  retUlance*  incirasing  miich  Uiln  ihitn  the  degree  ol  curve,  instead  ol 
•ItKt,  ai  we  hare  found;  the  reui1l>  varying  (toni  •  rtaittance  of  w.8  lb.  per 
Ki  M  pet  decrre  lor  a  curve  o(  1000  metrea  ladlut  <33tD  It.,  or  1*  44')  to  a 
Wiiunce  ol  I.fr7lb9.  per  net  (on  |ier  decne  lur  turves  of  too  Rietre*  tadiiis 
(ntlu  or  17*  30').  Bui  by  extending  the  formula  to  a  lilile  sbiupei  curve*  iu 
Mlnntworlby  and  abtord  nature  it  at  once  «een.  For  a  curve  of  60  nteirea 
Urn  (197  fi.|  we  otiUJn  a  resiiuiicc  9,4$  (iinei  ai  much  pec  degree  u  an  a 
nm  ol  1000  metre*  radiuD,  and  lot  a  curve  ol  %%  metres  imlius  or  !«s  an  in- 
bJH  rubuace.  A*  the  curves  ol  Ibe  New  Voik  elevated  railways  are  ol  less 
taa  )a  metres  radius,  and  as  ordinary  American  engines  were  operated  over 
•  t&rtc  of  so  f<-  radiu*  lor  some  lime  nithout  accident  or  deUy.  on  the  United 
Soilt  Hilitsij  Railroads  >o  Die  late  war,  thia  it  hardly  a  rational  resulL 

3)8,  A  new  and  dangerous  doctrine  baa  lately  been  advanced,  lo  a  wm]* 

<<eUI  nanoer   which  has   given    It   vide  currency   a*  a  conclusion   of    the 

Mian  CacB«iklrr*'  Astoeiaiiun,  al- 

UM|kh  was  in  no  tense  such  in  fact. 

m..  tkal  the  coioers  ol  raiU  should 

te  relied  to  a  iargier  radius  ()  tnch)  so 

■  to  exactly  fit  ibe  radius  of  the  fillet 

wioierloT  corner  of  the  nantr.  instead 

*f  tkc  lvt>    being  of  quite   diisimilat 

ndios.  as  in  T\%.  31,  which  shows  the 

aorc  t»s««l  and  the  only  proper  prac' 

cice. 

Tkrae  eondnaions  were  expressed 
■n  aa  otbetalse  able  paper,  by  M.  N. 
Feroey,  Secretary  ol  the  Astocialion 
(lUpt.  M.C.  B.  Afsuc..  leSs):  and  the 


no.  H. 

iP'**„»1  "  ^-  !*  "•  •*'■  ^""Tey's  p»p". 

"Tbr  Relation  of  RaiiKMd  Whccli  ind  iUib 

10  e»th  othrr."  and  shows  ■  Stm  Voili  Crnln.1 

rail-Ttcmd  tiid  %  tUnut  with  a  Ailx  of  ^  inch 

(he«ry  was  based  upon  the  cIbik  that  ridiui.) 

ite  iMtu)  form  of  rail  and  tlangr.  such  as  is  ihown  in  Fig*.  30  and  31,  causes 

>  flanges,  proditcing  wear  siKb  as  is  outlined  in  Fig.  S4  ;  the  corner  ol  tbc 


A 


yOi     CHAP.  Vlll.—MBCUAltiCS  Oe  CV/tfM  KEStSTAXCE. 


fmw        I 


nii  ««*mig  \o  a  Urncr  riullQt,  And  the  fillet  of  The  Hansc  (o  a  imnller  tmUim, 
■ku>  product ng  sharp  flange*. 
The  (acts  ate: 

1.  (See  Table  1 14.)    OnljF  a  v^r;  Hn«U  pertcntaKa  of  *rh«rl«  ever  fei  sha: 
■Mtgcs.  and  Ihcie  arc  nei-et  two  sliaip  ftungr*on  one  uxU;  •hunring  llial  «n 
■Mitimil'  III  delect  of  wheel  or  truck  [utiually  (tie  tatter)  a  the  ch>«l  cause 
■barp  danKec.  and  not  fame  Kf)<''<il  c«u*c  iicliaK  upon  all  wheeli  alike. 

1.  Except  In  lh«  one  case  of  ihe  uuiiiile  rail  00  curves,  rails  invarintily  wear 
10  a  much  imaller  corner  radius,  ai  In  Tig.  sj.  te- 
proilund  from  an  example  of  irear  in  Mr.  Fotnry'a 
paper  (see  also  Fig.i.  33  lu  41),  nnd  tiorcr  In  Ibe 
manner  outlined  In  Fig.  ^. 

].  In  the  Ofio  cose  ol  Ihs  outside  rail  on  curvet 
tlie  rails  Oo  floally  near  away  in  sonie(liin|[  lilie  lite 
manner  outlined  In  Ftg.  54,  unlll  the  ildc  of  ihe  rail 
lakes  almost  llie  exact  lorm  of  llie  llani[c,  a*  in  Fij;.  41.  liUI  there  i«  then  mucti 
■Dorc  friction,  more  rapid  wear,  and  more  Jan^jer  of  derailment  than  nhen  tbv 
sails  are  new,  as  in  Figi.  ji  or  54  ;  because,  allhougli  the  beotini;  surface  IJ 
•tnall  in  the  laitei  case,  it  is  subjected  to  only  rolling  wesr.  nhereai  if  the 
fanse  li;s  all  around  Ihe  rail  corner  the  additional  bearing  surface  it  exposed 
lo  rubbing  Irlciion.     (See  par.  31}  rttff.)  ■ 

339.  Imagine  a  heavy  sphere  rolllng>  down  a  ptaalc.  as  in  Fijc.  $b.     U  has  •' 

^^  ^.^^  very  small  bearing  surface,  yet 

^^^B  jt   ^^K  any  oiIiIIUoiim]   bearing   surface 

^k^H  W>|^M  ivliicb  miitbl  )>r  j:.iinnl  by  lorn- 

^Bfa  ^^Si^^^^^^^  ju^  ing   the    plank   into    a    (rough 

CB  I -rf'i ''  "exactly    flKing"     the    sphere 

''"'•  !*-  sou  Id    plainly    produce    m<j 

Irktion  and  more  wear,  rather  than  less.  The  same  conditions  obtain  In  Fi(.^ 
M-  where  the  roHteti.^1  outside  Ihe  dolled  lines,  which  li  Is  proposed  to  remo 
ht  Rrst  manafsclure.  is  really  "  precious  meial."  servinj;  lo  long  puslpon«  iInt' 
day  wbeo  the  rail  and  fl.ioge  fit  as  Fig,  41,  and  a  very  rapid  rale  of  wear  begins. 
The  mclal  outside  the  dotted  lines  in  Fii;,  54  will  reqiiiie  nt  least  /nw  finti  a* 
(real  n  tonnage  10  wr.ir  it  away  as  will  be  required  10  we^r  nnay  an  equal 
weitht  of  metal  after  11  is  gone.  Moreover,  the  wear  of  Hange  outlined  in  Fig. 
S4  never  talces  place  n  all  except  m  a  very  small  percenUKc  of  ihe  wbrols 
49  lo  b  per  cenil.  indicaliug  that  iI  1*  aol  due,  when  it  does  lake  place,  lo  ib« 
lorm  of  the  rail. 

MO.  What  sound  practice  would  seem  to  require,  therefore,  la:  f 

I.  The  tread  of  the  wheel  should  have  something  ihe  form  01  Pig.  57.  wjlh 
»  AIIm  radiu*  ol  at  leaai  |  in.,  tosiead  of  ihe  |>ia.  radiu*  which  Mr.  Fore 
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i«(eaairnd«l,  and  ihe  f-JD.  nidlus  which  the  Muter  Car-BaiItl«K*  AscocLuIoa 
tin  DtforMiMlcly  ttdopicid  us  M»n<tJiil. 

1  Tim  original  corner  radius  ol  the  iBil  should  be  lilth  Ukngr  greaier  Ihaa 
to.  A  In. 

In  Ai*  ny  we  «tiall  po«tpon«  M  Ioiik  u  poitibic  (he  evtl  <Uy  Mhcn  (he  rail 
Md^tct  will  no<  timply  roll  upon  bul  KiiniJ  liilo  rurh  ulhrr. 

Ul.  The  dcleicilou*  cllcci  of  bnvlfig  ibc  corner  of  (he  r>11  o[  Urgcr  radiui 
lliilbo  fiilot  of  the  A*flKC  i*  cf«iirly  viilblc  in  Fis,  %%.  When  any  laicrjl 
Sufe  preMDTe    arltvt   from  ^ 

> 


\ 


I 


Fns.  S9. 


ttt  fUMge  of   a  curve  or 

M>r  eauM.  inticad  o(    ihe 

taring  sQifarc*    t«ins  abl« 

■  mil  maliiuiti  the   merely 

nBoi  rontact   o(   minimiim 

*w.aa  «uilin«tl  in  Figi.  31 

u4  iq,  we  have  the  ruUitig 

■famauci  ihoirn  in  Fie.  $3. 

Wt  10    produce   rapid   *id« 

■Of.  in  addition  10  (he  usual 

UpiIidinK  ■■"'  *<°>r.     This 

tai  actnaJIy    resulted   with 

■A  ol  fuch  form.      On  ihe 

Ut^h    Vallpy    aiul    -^n    tba 

ftidof  the  Penniylvanla  laid 

■ilh  i(»  aev  Tall  tecllon  of  \ 

iiL  corner  radlu*.  both  raJU, 

Ml  both  cnrvM  and  unitctila.art  badly  worn  far  down  Ihr  «ide  of  (he  rail,  a*  il 

W  very  li^hl  of  gaufcc,   *h«r«aii  with    raili  ol  the   usual   form   this   ne««r 

rcMltt,  bowever  oM  or  worn  the  nilta.  eiccpi  on  ihe  outaide  rail  of  curves 

343.  Mr.  M.  N.  Forn»y,  in  the  paper  iibove  lelerrtd  to  (par.  338).  xSif  ibr 
Icii  eiiMing  eTidencc  aa  10  Ihe  cflecl  ol  tonins  on  the  naiutal  path  of  uuck* 
httinK  parallel  axld.  He  expcrimcTitrd  wtili  an  appHtaius  mch  as  Is  >(h>w« 
m  FtK.  60,  Todctoratino  posiiively  if  the^e  rrMi1l«  nrre  tonccl.  ihe  writer 
kai  aiiKe  eoonmcied  and  tested  a  model  of  quite  difiereni  form  with  clotelf 
lail^  reaaUa. 

Mr.  Forney's  model,  eomparcd  with  a  full  titrd  iiuck,  w»a  niadr  to  a  «mte 
of  4  M.  B  I  loot,  or  A  '.-f  foil  aiie.  The  wheels  on  each  axle  icptesenitxl  (all. 
tiled  wbccU  ol  34)  and  314  M-.  or  a  difference  of  3  in.  In  diameter.  The 
ndti  of  the  actual  path  of  Ibc  model,  with  wheeto  set  at  various  diaiancea  apMi. 
•re  thown  tn  FtK- 61.  Codvctiidk  all  the  dimrntiunaof  Ihe  model  and  the 
rnuiti  Of  tlie  Mperimenis  into  the  full  siie  which  ihey  repreicnced.  they  la- 
dlcaie  thai  a  single  pair  of  irheelt  on  the  same  axle,  wlih  a  diHetencc  of  ]  i*. 
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(SbOHlHK  (II«t  o(  tLtdug  cucnef  ol  rail  •>(  luicindiiii  Umo  illl«le(  lUoceJ 
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iii  their  dimmetera  will  roll  in  a  curve  of  S3i  il.  r«diu».  Two  pain  of  such 
vbttli.  il  the  axles  are  held  parallel,  as  in  the  model,  would  roll  In  the 
following  corves: 

Axles  3  ft.  apart  will  roll  in  a  curve  of    67  ft.  radiui. 


4 
5 

6 

7 
8 

9 

10 


9'i 

133 

I74i 

851 

337* 
479 


Fu,  to.— HODU.   UUD    BV  M*.  M.  N.  FdINSV     POI    iNVinTGATtHO    THI    EmCT    or  CONIHG 

OK  THI  Path  or  Rictahsuuk  Whhl-bjuis. 


With  an  average  coning  of  ^  in.  in  the  length  of  the  tread,  and  an  averag* 
play  in  the  gauge  of  \  in.,  we  lind  about  -ff  in.  Eo  be  the  difference  of  diameter 
which  ordinary  coned  car  wheels  can  have,  assuming  that  both  wheels  stood 
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close  lo  the  ouiside  r*i1,  which  lh«]r  do  noi  (*w  Tig.  so  mnd  pM.  994). 
would  corrc«pond  10  rcKUlU  In  ociual  pradlce  a*  lolloar*  : 


This 


Axtvs  3  (l  apuii  will  roll  in  *  «urv«  ai 

».S7a  "-  rtdiut. 
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Vt*      . 
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Gaugt,  >■}]  la. 
F(a  4i.— Ramiw  of  Path  o*  Wkmi-»»h  ihown  in  Fic.  *a.  hitu  Whmiji  hci  *t  VaRII 

DifTAhCU  AfAMT,  AS  IHbWH  ALOhO  I'M!    BAIK-LJht, 


red 

1 


Thete  figure*  indicate  ihu  even  under  ihe  moM  (kvotable  poMlble  clrcua 
■lances  coning  can  have  little  cflcct  10  facilitate  the  paa»ace  of  curvM, 

343>  Hnving  now  invcstigitted    the    nature  of   rail  wenr  i>n 
curves  and  ihc  catiscs  of  curve  resisUince.  wc  arc  belter  prepared^ 
to  take  up  and  estimate  at  their  true  worth  th«  positive  objec 
tions  10  curvature,  as  suromarized  at  the  beginning  of  this  cha; 
ter,  which  are  : 

1.  Tiie  DIRECT  COST  or  cukvatuke  of  various  radii;  tlial  is 
to  say,  the  greater  wear  and  tear  of  road-bed  and  rolling-stock,^ 
and  the  {greater  consumption  of  fuel.  f 

a.  The  limiting  EFrEtT  of  cukvatuke  on  the  weight  and 
tcDgih  of  trains. 

A  moment's  consideration  will  show  that  these  two  causes 
of  expense  are  sliarply  defined  from  each  other.  For  every 
curve,  whcllicr  sharp  or  flat,  and  wherever  situated,  must  cause 
a  certain  amouat  of  wear  and  tear  and  waste  of  power,  although 


A 
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hnuf  not  cause  anr  shorter  trains  10  be  hauled,  which  is  its 
liUCTefleci  on  expenses:  but  if  the  curvature  be  very  sharp  or 
ttry  aaUvnrably  situated,  or  if  the  litis  be  very  nearly  level,  so 
that  there  arc  no  liciivy  grades  to  limit  trains  in  :idv;ince  of  cur- 
rtlurt,  there  will  finally  come  a  point  where  loo  much  or  too 
tliaip  curvature  will  not  only  cause  wear  and  tear,  but  likewise 
ciuit  the  length  of  trains  to  be  cut  down.  In  that  case  the  di- 
r«!  cipense  of  the  curvature,  for  wear  and  tear  and  waste  of 
lutl  Will  continue  on  as  before,  but  lliere  will  now  be  a  new 
icurce  of  expense  added  to  itiat  which  exists  on  all  curves  with- 
Quldiitinction. 

We  for  the  present  (until  Chaps.  XVIII.  and  XIX.)  consider 
only  these  oiSECT  sources  of  expense  which  are  common  to  all 
curraiurc  wherever  situated,  assuming  that  it  does  not  require 
more  trains  to  be  run,  but  simply  makes  it  more  expensive  to 
nin  Ihcm, 

THE   ErreCT  op  Ct;RVATUItK  OH   OPBRATIKG  KXPKNSVS. 


IM.  FfKt_— Wc  have  alrwdy  seen  (par.  186)  tliat  about  33  per  cent 

otihc  cost  of  fuel  goes  for  getting  up  steam,  kindling  tires,  running  to 

udfroBi  trains,  slopping  and  starting  trains,  standing  idle.  etc..  etc.. and 

Mbence  a  coosi^ni  wastage,  independent  of  the  distance  run.     All  of 

tUt  may  be  considered  as  likewise  unaffected  by  curvature,  and  inaddi- 

Uoa  Uiereio  there  is  another  and  important  source  of  loss.  viz..  conden- 

aboQ  due  to  radiation  of  fieai,  which  varies  with  the  linic  of  exposure. 

«d  hence  with  the  diiitance  run.  but  is  inappreciably  affected  bv  ilie 

I       power  devdoped  per  hnur.     Mver>-pnrt  o(  a  lorn  motive,  even  ihc  lagging, 

^1  %  hoc  enough  to  burn  the  hand  in  the  coldest  wcntlicr. 

^^^^The  fire-lK>x  is  usually  left  eniirely exposed  (bya  mistaken  n^ligence, 

^^^Peb  i>  (craduuily  being  corrected  in  some  few  instunces.  »»  on  the  Lake 

^sfere  ft  Micliigan  Southern   Railway,  on  which  all  the  lire-boxes  arc 

hgged*).  and  the  ends  of  tlic  cylinders  arc  protected  only  by  melal 

pUtes.     As  a  consequence,  the  average  amount  of  fuel  consumed  in 

winter  is  shown  by  abundant  statistics  to  Iw  very  uniformly  about  10  per 

wu  greater  than  in  summer,  or  about  1  per  cent  for  each  3*  F.  difference 

H  af  lemperature. 

^      *  li  i*  ctainKd  that  sn  ttonatay  o(  some  10  per  cent  in  fuel  was  attained  on 
Ibc  Lske  Sbuie  by  such  lam;iiig  dI  the  fire-box.     Am.  Ry.  M.  H.  Rep't,  1S85. 
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349i  To  appreciate  the  full  Torcc  o(  this  (act.  we  must  remember  that 
the  hottat  summerday  iscold  to  the  cylindent  and  boiler.  Thetemper- 
aiurc  wlihin  the  ttoilcr  is  about  350*  V.;  and  hence  whether  the  temper* 
aiurc  outside  be  o"  F.  or  100"  F,  makes  little  proportionate  diflerence. 

Let  us  suppose  the  avera^  fuel  consumption  in  July,  with  mi  avenge 
temperature  of  77'  F ,  to  be  60  lbs.  per  mile.  In  January,  w.tli  an  aver- 
age temperature  o(  37"  F..  experience  shows  that  the  consumption  will 
be  some  so  per  cent  greater.    Then  n-c  have  ; 


TfMm  «TV>i, 


July. 
January. 


lt>Ull«. 

350' 
3SO' 


Increase  p.  C. 


Eilcilor. 

77- 


DiAemm. 

3>£ 
14.6  p.  c. 


Lin.  CmI 
Burned  pR  MI1& 

60 

7a 

30  p.  C. 


The  caune  of  thi»  enormouii  eflect  of  dilTerenoe  of  temperature  t»  vi 
obscure,  and  it  would  lead  us  too  (nr  lu  di.tcuss  it  in  detail.  The  matter 
htu  AttractcH  far  less  attention  than  it  should,  and  even  tlic  lacU  from 
which  any  discussion  of  causes  must  start  arc  but  little  Icnown  to  railroad 
men.  It  will  be  seen  that,  superficially. considered,  the  facts  seem  to  in- 
dicate that  a  very  large  prnpnriinn  of  the  fuel  eonKumpiinn  is  due  to  the 
effect*  of  exterior  tcni{>erature  ;  lor  if  a  decrease  of  40"  F.  or  I  i  per  cent 
in  the  dlllerence  between  the  temperature  witliin  and  wiiiiout  the  tioiler 
ttavcA  ;o  per  ecnt  ol  the  fuel,  it  would  seem  as  if  we  hail  only  to  decrease 
the  dilletencie  a  little  farther  to  save  half  or  three  quarters  of  it. 

This  conclusion  would  be  absurd,  but  all  that  it  is  desired  here  to 
show  i»that  exterior  radiation  is  a  very  serious  matter.  The  chief  causes 
for  the  ({real  dlRercncc  in  winter  and  summer  fuel  consumption  are  prob* 
ably  these: 

I.  The  rolling:  friction  !s  considerably  higher.  Moit  of  the  enei 
destroyed  hy  friction  must  take  the  form  of  heat,  and  as  the  journals 
speedily  attain  atx)ut  the  same  temperature  in  both  winiei  and  summer 
(moderately  warm  10  the  touch)  the  diflcrcncc  in  temperature  of  (he 
journals  and  the  external  air  is  much  greater  in  winter,  and  this  means 
so  much  more  journal  friction. 

Thin  iheoreilcal  ileduetion  Uck*.  ss  ycl.  direct  expctiracmnl  evidence, 
init  which  it  mutt  be  reijurdcd  as  doubtful.  By  some  stian^  omisiion. 
comparative  winter  and  summer  train  mistance  has  not  been  the  subject  of  di- 
rect Invcstlttatlon.  so  lat  as  the  writer  U  anatc;  but  that  there  It  coRiidersbte 
diflcren<c  uppcart  to  tie  indicaled  by  the  fact  that  it  \t  found  ncceisary  in  prac* 


lals 
uer 
the 
ans 
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Hilg^rwMa  W  cut  down  iralni!  in  winter  by  >t>au(  ro  pfrr  cent  (say  (rons  V> 
tint*  t6.  or  lTO«il40c<n  ID  36J.  (or  which  it  11  difficult  lo  imagine  any  other 
niuati  expJjKiMion.  The  popuUr  cxpUnatlonK  mk:  (1}  I'liji  the  kIdiI 
ii'Wt  more  sifle*  in  winier  than  in  iiunimcr,  which  i»  not  trur:  and  (3)  Ihat 
(M  iruk  «  in  wonc  condition,  irhich  is  unquestionably  true  to  some  extent; 
Iditefcare  very  lew  d«y*  »hen  mow  and  ke  cauic  much  trouble  on  ibc  tuc- 
tui  (fibe  rUI,  which  I*  (or  ihc  moM  pait  a*  clean  in  winter  at  in  kuniincr, 
ullkttSMt  of  brnvinit  of  the  rOHd-bed  on  train  resistance,  sllhouch  impor- 
■Ml,  on  hardly  account  for  the  difference  which  ekislt. 

M<  Intnnat  radiation  also,  from  the  hot  steam,  when  first  admitted 
Htlv  cyhiidcr.  into  the  interior  walls  thereof. — whence  it  is  almost  in- 
Unlf  return cd  a^in  into  llie  exhaust  slcam,  as  the  leniprrriiturc  (alls 
boM  reduction  of  pressure,  wiihoiii  having  <1one  any  work.— is  admitted 
lobeawty  great  source  of  n-a<ic.  bm  i«  entirely  distinrt  from  thcexicr- 
MlndiaiioD,  (or  It  is  not  appreciably  alTccicd  by  the  exicrnal  tenipera- 
Hif,  ami  does  vary  with  the  power  dcmandert,  aid  Inversely  with  ihc 
VjtxA;  In  ail  of  which  details  it  differs  (rnni  external  radiation. 

It  is  true  llMt  a  locomotive  staniliiig  Mill  and  not  iming  sicitm  loses 
biairiflinit  amount  from  radiation  (about  30  lbs,  per  hour):  bni  the 
OMfitiocut  are  vastly  diflcrent  when  aork'ng  a^-ainst  a  liercc  wind  with 
even  pan  to  be  kept  hot.  and  it  is  dllTicutt  10  resist  the  evidence  that 
a  lout  i  of  the  fuel  consumed  goes  to  replace  rndiatcd  hcai.  If  so.  as 
JJl  per  cent  k"***  'o'  other  causes  of  wastage,  wc  have  50  percent  of  the 
Ax)  left  as  thai  ponton  which  varies  directly  with  the  power  demandcE). 
PMiibty  it  is  still  less,  but  it  can  hardly  be  much  more. 

The  correctneai  of  thli  conclusion  ii  indicated,  in  a  meaiure.  by  the  coal 
teroed  tty  engines  ninninK  liRht,  An  engine  which  will  burn  bo  to  So  lb*,  fier 
nilc  niih  lu  full  irain.  will  bum  30  10  30  lbs   per  mile  only  to  run  iiielf, 

347.  Assuming  curve  resistance  to  average  nboui  4  ">.  per  ton,  it  \% 
perhaps  as  correct  an  avcr^ige  .-iv  poK^ibic  to  My  tlmt  a  continuous 
it°  JO*  curve  causes  an  avcrat;e  additioniil  tr.iin  resi«tiince  of  abnui  6  lb». 
per  Ion,  or  about  doubles  thi?  rcsiicUiiice  of  i\  train  on  a  level,  A  mile  in 
kfigth  of  such  a  curve  contaiiix  Coo'  of  curvuture. 

We  may  say,  therefore,  that  600*  uf  curvature  will  waste  about  50  per 
cent  as  much  fuel  a>  the  average  burned  per  mile  run. 

34S.  Rf-pairs  of  Engines, —Referring  to  Table  85,  page  aoj.  it  will 
be  seen  that  the  proportion  of  this  item  assignable  to  the  avcrafic  effect 
of  curvature  and  grades  is  about  19  per  cent,  nearly  all  of  It  arising  from 
wear  of  wheeb  and  tires.  Experimental  data  as  to  the  actuid  cfTecl  of 
chber  grades  or  curvature  on  locomotive  or  car  repairs  arc  very  few. 
Slaiistics  of  actual  expenditures  for  such  purposes  on  lines  dilTcring  con- 
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siderabty  in  grades  and  curvature  afford  no  ussiKance.  except  to  Atire^ 
us  to  the  conclusion  chul  curvulure  has  little  or  no  vflcct,  as  we  have  ;il* 
read }■  seen  Epac.  164).  J 


rror 


M9>  We  may  i;et  ;it  the  probable  effect  of  curvature  on  enfjine  re- 
pairs n  little  more  ttefinilely,  at  leOM  to  the  extent  of  checking  any  error 
of  consequence,  us  [oIIuwk  : 

The  waya  in  nhicli  engine  repairii  are  aRectcd  by  curvature  are  two : 

First.— and  more  important.— by  the  additional  wear  of  tires 
wlieels. 

Secondly,  by  the  eRcci  on  wear  and  tear  o(  the  additional  power  de- 
manded. 

The  last  is  an  inconsiderable  cicnieni,  because  the  additional  power 
demanili^d  by  the  curvature,  even  In  extreme  cascH.  is  inconsiderable 
wlicn  measured  in  (ooi-puunds.  Thus,  if  there  be  300°  in  a  mile. — whicli 
by  turning  to  Tables  101  to  to*,  page  159^  will  be  seen  10  be  3  very  large 
allowance, — this  amounts  to  Ics*  than  a  continuous  6"  curve,  nr  3  Iha,  per 
ton  continuous  addition  to  the  train  resistance.  On  dersccnding  grades 
ihiit  ii  rather  a  lielp.  saving  the  uae  uf  brukcs.  On  a^ieiidrng  grades  of 
say  I  per  cent  tlic  normal  train  resistance  is  some  36  lbs.  per  ton.  and  5 
Ibft.  per  ton  resistance  adds  but  ii  per  cent  to  this.  As,  then,  only  31 
percent  of  the  coat  of  engine  repairs  (excluHive  of  running-gear)  varieft 
directly  with  tlie  distance  run  on  tangent,  the  increase,  if  in  direct  pro- 
portion, would  be  only  o. iaxo.31  =3.7  percent  for  300°.  or  say  ;.(  per 
cent  for  &oo°  of  eurvaturc,  so  far  as  this  tuu.te  alone  in  concerned. 

The  maintenance  of  running-gear  (including  frames,  which  is  a  very 
small  item)  amounts  to  30  per  cent  of  tlie  total  cost  of  engine  repairs, 
but  of  this,  only  one  third,  or  10  per  cent,  can  properly  be  assigned  to 
the  cficci  of  curvature  and  grades.  We  may  assume  thai  two  thirds  of 
this,  or  6.7  per  cent  of  the  lotat  cost  of  engine  repairs,  is  due  to  curva- 
ture. By  turning  to  Tnbte  104.  we  shall  find  that  the  average  amount 
of  curvature  on  an  average  railway  is  some  ya°  per  mile.  On  a  contm- 
tious  11*  so'ciirvc,  containing  600*  per  mile,  the  cnrvaturc  is  zo  times 
this  amount :  and  hence  on  such  a  mile  the  extra  cost  due  10  the  curva- 
ture would  be  6  X  3o  =  tao  per  cent  of  the  average  cost  of  engine  repairs 
perroitc.  This  seems  to  be.  and  is.  a  rude  proceM :  but  it  aiaybcfurthei 
checked  an  follows ; 


390i  The  con  of  maintaining  tires  average  on  trunk  lines,  like  tho 
Erie  or  Pennsylvania,  about  ij  cts.  per  mile  run,  with  an  average  cost  p^ 
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engine  repairs  oF  some  6  cts.  as  a  minimum.  Their  average  curvaiure 
per  miie  is  some  50°.  The  above  allowance  (of  120  per  cent  addition  to 
the  tout  cost  of  engine  repairs  by  600"  of  curvature)  is  equivalent  to  al- 
lovmgihat  with  continuous  11°  20'  curves  the  total  cost  of  running-gear 
maintenance  would  be  7.2  cts.  per  train-mile,  or  six  times  greater  than  it 
is  nos,  on  an  average,  with  twelve  times  as  much  curvature.  While 
ibis  may  not  be  much  too  large,  it  is  certainly  ample.  See  also  the  fol- 
lowing data  (Table  1 14)  as  to  the  wheel  wear  of  cars  atid  the  causes 
thereof. 


Table  114. 

PitcEifTAOM  OF  Wheels  removed  in  1684  on  thi  New  York,  Lake  Erie 
k  Western  Railroad  for  Varioi;s  Causes  of  Each  One. of  Twsnty- 
rouR  Different  Makes. 


(Out  of  a  lotal  of  lome  300,000  wheels  and  tS,ooo  removals.) 

Cuus  I.— Six  Best  Makeks — aooregatin'o  78.3  Pir  Cent,  of  All  Wheels  in 

Sekvice. 


Ckackid  aND  BuoiIIN. 

Shelled 
Oul. 

Sharp 
Flange. 

Slid 

Flat. 

Worn 
FlalA 
Worn 
Oul. 

Toial. 

V.  C.  of 

Reniovll* 

Broken. 

Crack'd 

7  = 

6.8 

M» 

ID  1 

»,» 

Toul. 

[0  No.  in 
Seivice. 

3.. 

..9 

1.7 

"i 

S3 
>,a 

3" 

B.4 
9-S 
■S-* 
'St 

0.} 

1-7 
D.6 
o.T 
D.6 
CO 

4.8 
i.g 
l.« 
*■» 
1.6 
1.3 

9.6 

31. 9 
35,9 
30. 7 

.1.) 

J6.9 

64 -D 

S6.6 

.     41.4 

'     )S.6 

'     63  7 

Too. 
lOD, 
IDD, 
too. 
ISO. 
IDS. 

7.40 

3.lg 

»«7 

Anri(c . . . 

t.D 

.3-3 

144 

0  7 

3.7 

33.3 

1     6a.. 

TOO. 

4'3» 

CLisai.-~Six  Next  Best  Maeers— aocheoatino  17.3  Per  Cent  of  Wheels  in 

Service. 


M 

"-5 

3-1 

11.3 

30.B 
37.9 
9.7 

.3* 

19.4 
14.7 
33. « 
39.4 
Il-D 
Tti.9 

0.0 
o.  I 
a.. 
D.l 

0-0 

Ifi.l 

6.4 

1.9 

33.3 

3a. a 

3D.1 

31.0 

iS.e 

333 

40,1 

53.9 

4S.7 
389 

.8.5 
3»3 
3«.9 

100. 
roo. 
too. 
too. 
.00. 
.CD. 

B  3. 

9.36 

lo.sa 

» 

11 

33. S 

•ij 

Aicnce.... 

■.a 

»3-7 

"S-9 

D.t 

8.1 

91. 1 

44.7 

.00. 

10.94 
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Table  114. — Continued. 


Class  3.— Twclvb  Worst  Uakehs— AOOBEOATmo  only  4.6  Psr  Cent  or 
Wheels  ib  Service. 


>1 

«:r:::::: 

•i« 

•"ij 

"18 

••1^-.., ... 

■■o. ...... 

•»I 

» 

„»J 


■9 

3-4 
10,4 

D.O 

6.3 

?■» 

1.6 
6.0 

a.9 

s-s 

7-S 


4.4 


71  9 

S»-3 

11-9 

■1:1 

•*.4 
4.S 


J7.a 


;2' 

6.. 7 
30.0 

0.0 

>a.4 

.6.} 
>4.S 
41.9 

9D-0 
31  1 

13. 0 

~6' 


O.o 
0,0 

O  D 
d.o 
o-a 

=.J 

D.a 
D.o 


0.0 


d.o 
d.o 

II  .8 
14. 1 

9  3 

::? 

I  G 


"4 


«.) 

•3-7 
II. 9 

4). 4 

■7« 
"I 

'J« 
7d 
♦9* 
44.7 


41« 

18.J 

99.9 

SS) 
■  4 

'49 
34-4 


»S-7 


IDD. 

ido, 
100. 

IDd. 
100. 
IdO. 
100 - 
Idd. 
ICO. 
100. 
Iw. 


14.  «S 
J-T* 

19. n 

!!' 

7«.9 

If.t 

•J. 9 
J  w 
t.*9 


».■« 


BriJ-Ja^t  numbcn  rcprocnl  makeTi  faavlng  frda>  90,0001050.0 
Slttrftd  numb«r«  tudiciitf  ihe  9iiul]er  makeiii,  vu.,  '  Lcn  tbui  ido 
50a  ia  lervlce;  ***  ten  xhrna  yjo  in  ■crvLce. 


3  wbeeli  FKb  in  lervice. 
In  Krrfcc:  **  !«■  (hut 


SUHUARV. 


Per  cent  of  wbolc  numtKr  in  Mivice. . . . 

Broken 

Cracked 

Broken  and  cracked..  ............... 

Shelled  om 

Sharp  Aanire 

Slid  fiat  -. 

WoTQ  flal  and  worn  out 

Total  remoTed 

Per  ceni  ol  number  in  aerTJcc  tena*ed 


Six  Beit 

Mskeii. 


78.9 

3.0 

19.9 


14.9 

o  7 

9  J 

IJ.J 

60.1 


lod.o 
4.39 


Six  Neit 
Ben. 


t.9 
93  7 


9) -9 
O-l 

(.■ 

91,1 

44-7 


lOd.d 
1°  94 


Twelve 
Wor« 
Maken. 


4-6 
4.4 
37-9 


4.. 6 
0,0 
19.4 
9*.  J 

9S-7 


At  at  all 
on  Road. 


TOO.d 

to.  16 


94 
'9  4 


91. g 
0.4 
S8 

...J 


lOd.o 
6.91 


PERCENTAGE  OF  TOTAL  NUWBER  IN  SERVICE  REMOVED  FOR   EACH  CAUSE. 


Per  cei^  of  whole  nuoiber  In  aerrice 

Bnken. 

Cracked 

Broken  and  cracked -.-.., 

Shelled  out 

Sharp  flann 

Slid  flat 

Worn  flat  and  worn  out..... 

Total  remoTed 


SliBeai 
Maken. 


,8.9 

d.09 
O.S4 


0.63 
D.dJ 
o.ig 


*-39 


S<I  Nell 
Beit 


0.3 

1.60 


983 

d  01 
0.84 
9.}I 

4.90 


10,94 


Twelve 
Wont. 


7  so 


8.38 

d.DO 
9. JO 
4.  ID 
J.18 


•o  16 


Total. 


o.'S 
i.ao 


i.M 

D,d9 
D.36 
'■JJ 
J.'J 


6.9t 
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WeibetbDve  table  etra  valiubleuid  tnisumnhy  Indimioni  of  (he  tWaft'iv  qtull- 
•6a  ol  dlKtRM  nukm.  )/  /»'e«  -■  mirtli  /tin  ij*i  1/  /Af  ahmi-uti:  ftuUflrt  1/ 
Amtrkat  tMUtJ  tar  atknli,  unlcu  x  birec  (tlonanoe  n  made  lor  tils  fact  IhM  ll  I* 
artllri  imewattr  by  thi  lonManl  >nnual  tuliIilK'ni  of  dfw  MocIe.  Thi*  in  inimrillalrly 
■  ■Mm  l»1>r  inUl  niUBbar  r«nir/n<d  fur  all  tausn,  whirh  ia  only  G.si  pn  cent  "f  (hotv  in 
■I Ml.  Mfwt-^e  on  Kc  (aoe  an  ATeia^e  li/f  f/  lirttnt  yn'i.  which  iKnisinly  motp 
Am taict  (bt  acual  avmc^  life  of  whoelion  the  rruil  ui  quotion,  and  would  be  much 
■m  Ikia  (aior  oc  cmi  ll>t«*  linm  Ihr  anrac*  life  in  yeut.  eucpt  Uuit  (he  avcmcc 
Mbtcpcf  or  per  ]re*i  hai  rMrnily  tmn  very  lew. 

laumst  lift  of  tithi  yta»  lor  or  whccli  uould  itquiie  ti%  p«  cml  pn  year  aver- 
ip  nwwali,  apinti  only  6.ai  per  criil  iic1U4l  imewab— a  dwrTrpux?  ol  ot«f  one  hall. 
Tki  MUUM  addMioas  of  new  rvllinu-iCKk  which  anr  knuvn  10  hav«  bctn  made  on  Ihv 
iMd  IK  Ike  only  apparcni  cauH  lor  ihli  etlMi.  With  ludi  an  abnonnal  ptoponloa  ot 
W  I  ihih.  iW  pniNiniu'i  oj  lolIuHi  fioni  "old  a^re"  will  be  decicatcd,  and  hence  thai 
ttt  ptftrttm  tA  Ulam  from  atiie  iliKam.  »ui-h  >•  n>ck«<l  or  broken,  will  be  abnor- 
■<)t»ilMWl.  ilnBclnaUrse  proportion  ol  ilicwhecli<hcacat«theonlyl*llurB  which 

Mnmriac- 

na  latile  sbeib  eipvdally  t-aluable  h^ht  on  (he  caimt  of  sharp  llan|^.  It  will  be 
n  Ital  Ikarr  ik  i%\t*l}  litrnti  a*  Unre  a  pioponloa  ol  Bhecli  removed  booiiue  of  iluuji 
ham  among  bad  wheel*  ■*  (OOd  on**,  and  (hat  with  good  niaketi  tJ»  pieportii>n  ut 
•Ink  m  ■111(1  (or  durp  Aufes  (1.7  per  cent,  and  thai  on  a  rny  crooked  mad)  i!i  »> 

^■daitoiBdicatethal  had<)tujily  t«f  the  whorl  ilvlf  \\  the  Iradini;  cjnivol  iihaqi  flun|;<k- 
Ollmhtuar  cracked  wbceli.  unly  about  oae  quanei  break  in  the  HanEe  or  Irrad.  and 
MBlr  l<n>  thiida  oI  the  fracunaarlae  from  the  burttSnif  tliaini  produced  by  forcing  the 
ttaiioollMaxltK. 


Mk  RKrAinS  OP  CaHS.— In  Tabic  86,  page  za%  the  propoftion  of  the 
onto!  tbiv  item  assignable  to  Ihc  ulirci  nf  gmdcs  and  curvature  is  given 
Mnow  33  per  cent.  Of  ibts  at  least  three  fourths  woulH  ordinarily  be 
WtEnable  to  the  effect  nf  fn~.ides  and  nnly  one  fourth  to  curvature. 
Ttm.  (Xocecdinjc  exactly  as  In  Ihc  cake  rif  engine  repair;;,  wc  have  6  X  10 
=  110  percent  of  itie  average  loinl  cntt  i>t  irar repaint  per  mile  asUicexiia 
CMC  diic  to  600*  of  curvature.  This  cxtim.ite  Is  cnrciilnly  large  enough, 
ud  probably  conalderably  too  Urge. 

An  exact  distribution  of  lheco<lo(rallinfi'9tock  repairs  to  its  various 
CMKs  Is  very  dllBctilt,  because  the  cxpen»es  arc  not  ordinarily  kept  by 
■Um,  tiat  only  by  aggref[->iies.  Sonic  recent  statistics  as  to  wheel  wear, 
kovever  (the  chief  and  almost  the  only  item  of  car  repairs  affected  by 
nrmturel.  gi\-en  in  Table  t  i4.aflord  some  valuable  insight  into  thccauiies 
■hich  dcstniy  them  most,  and  indicate  that  the  wear  from  curvature  Sb 
acompanitively  minor  element. 

3U.  Wear  or  Rails.— We  may  take  the  wear  ot  good  rails  on 
oarres.  as  an  average  of  their  whole  life,  at  about  i  lb.  per  tovooo.ooo  tons 
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per  degree  ai  curve,  or  cenainlv  not  more  thiin  thi«.  Oboervattona  by 
the  writer  on  siixl  rnils  o(  llic  New  York,  Pcnnxylvania  A  Ohio  Rail' 
road.  Hiid  9onie  more  elaborate  Investigations  on  tlie  Penn»vlvaiiia  KiiiU 
road  by  Dr.  Charles  B.  Dudley,  agree  in  Indicatin);  tbifi.  wlicn  allowance 
Is  ni«de  (or  the  fact  that  the  wear  ia  not  at  a  uniform  rate  during  the 
whole  life  ot  the  rail  (par.  31}  »l  uy.),  but  Is  perhapis.  rudely  speakitiK. 
only  one  fourth  of  the  coiai  during  tlic  firgi  half  of  Its  life  and  three 
lourlhs  during  ilic  lailrr  half.  As  a  consequence,  as  aticady  pointed  out 
(por.  31;).  the  wear  shown  by  nn  investigation  of  a  lot  of  rails  of  the 
nrncab)M)l>iteagcondlfTercnt  curves  will  apparently  indicate  a  very  much 
greater  wear  oa  sharp  curves:  butihi$  iippcsrancc  is  deceptive. 

The  wear  in  tangents,  then,  being  (as  it  is]  about  1  lb.  per  toiooOkOOO 
tons  duty,  the  wear  on  a  aintinuous  11*  zo' curve  will  he  }  lb.  x  iif  = 
si  lbs.  jicr  mile  of  curve,  or  Iw  increased- 567  per  c«ni  over  the  tangent 
wear.  But  thi.i  is  a.ssumiiig  that  the  tangent  mils  aic  so  good  thiit  they 
will  need  iciicwais  only  from  the  cUcct  of  abriuion.  in  which  ca>c  rails 
will  coic  only  about  1  ct.  per  train>milc. 

With  inferior  »iecl  rails,  as  formerly  with  iron  rails,  llic  proportional* 
incrc;»se  ot  wear  is  verj-  much  less  than  mis,  owing  simply  to  the  fact 
th.it  the  tangent  wear  Is  so  very  much  greater.  The  additional  rail 
wear  on  curves  was  estimated  by  the  writer  in  the  first  edition  ot  this 
treatise— and,  so  far  as  he  can  now  judge,  with  verj-  close  correctne»» — 
at  100  per  cent  increase  over  the  tangent  wear  on  an  1 1'  ao'  curve-  The 
absolute  rateot  nbnision  is  much  the  same  with  all  tails,  iron  or  steel, 
goad  or  bad.  With  raili  lh:it  tail  only  by  abrasion,  therefore,  the  carve 
wear  aiilds  a  large  pcrcent;ige  to  a  very  small  total  cost.  With  ntiU 
that  mash  or  split  in  service,  the  curve  wear  becomes  a  much  smaller 
perceniiige  of  a  much  larger  total. 

393.  Cross-ties, —The  effect  ot  curvature  on  tics  ha*  been  much  de- 
creased by  the  introduction  of  steel  rail*,  and  will  be  still  further  and  very 
largely  decreased  by  the  introduction  of  crvosoted  ties.  Still  its  ellect 
on  the  life  of  ties  is  considerable.  Several  years  of  the  tie's  life  must  be 
Mcriliced  on  9haq>  curves  because  the  holding  power  of  the  »pike  be- 
comes TOO  little.  The  so-called  "cutting"  of  ties  (par.  isi)  isaho  greater 
oa  curves,  and  mainly  on  the  outside  of  the  rail.  As  the  rail  we.irs  by 
Hange  cutting,  moreover,  it  la  necessary  cither  to  renew  the  rails  prema- 
turely or  10  throw  them  in  to  gauge.  The  elTcci  of  all  these  cause?)  to- 
gether 10  shorten  the  life  of  tics  is  a  pure  matter  of  (act;  and  considerable 
observation  of  and  inquiry  as  to  practice  in  this  respect  indicates  tttat 
tbe  following  comes  very  near  to  the  average  life  of  white-oak  ties  0» 
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nnd  or  gravel   ballast  imperfectly  drained— the    life  given  on  curves 
being,  if  anything,  too  short : 

Oa  a  tangent 9  years. 

On  a  3°  curve 8      '" 

On  a  6°  curve,' 7      " 

On  a  10°  curve 6      " 

On  a  14*  io°  16°  curve,    ...  5      " 

Fram  this  we  may  conclude  that  the  cost  for  ties  on  an  11'  20*  curve 
<&o'  per  mile)  is  about  joper  cent  greater  than  on  3  langenl.  and  that 
liie  increase  is  directly  as  the  degree  of  curvature  on  any  given  distance ; 
or.  In  other  words,  is  uniform  per  degree,  whatever  the  radius. 

3S4.  Track  Labor  is,  as  a  matter  of  fact,  but  Httie  afTected  by 
cunature.  It  is  an  Unusual  thing  to  see  sections  made  shorter  than 
oiiicrs  on  this  account.  If  two  contiguous  sectionsare  noticeably  difler- 
rni  in  this  respect  it  is  not  unusual  10  take  a  quarter  or  halt  a  mile  off 
one  and  add  it  to  Che  other,  but  any  greater  difference  than  this  is  un- 
likely. Yet  comparing  the  conditions  which  would  exist  on  a  mile  of 
ijntrent  and  a  mile  of  i  J°  20'  curve,  it  might  not  unfairly  be  claimed  that 
iii(fe»ould  be  a  difference  of  5°  per  cent  in  the  cost  of  track  labor;  and  to 
aMiid  iliat  very  objectionable  result,  an  underestimate  of  the  disadvan- 
tasts  of  curvature,  we  may  assume  this,  which  will  amply  cover  the  facts. 

3M,  Summing  up  the  various  Items  affected  bv  Curva- 
TfxE,  we  obtain  the  following  Table  115,  giving  the  assumed 
effect  on  expenses  of  600°  of  curvature. 

The  total  cost  per  ye;ir  per  daily  train  of  1°  of  curvature  given 
below,  Table  115  (43.3  cts.),  divided  by  the  rate  of  interest  on 
capital,  will  give  the  justiliabte  expenditure  to  save  1°  of  curva* 
lure  estimated  per  daily  train,  viz.; 

At    5  per  cent ^EdM     _     jg  56. 

At   8  per  cent, -^^      =       5.41. 

•  o,4H 

At  10  per  cent, — *^      =       4.33. 

And  similarly  for  any  other  rate  of  interest;  this  being  assumed, 
as  heretofore,  not  to  be  a  precisely  accurate  result,  but  one  as 
exact  as  is  either  practicable  or  necessary  to  avoid  serious  errors. 
ai 
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Table  lis. 
Estimated  Average  Cost  Per  Train-Mils  op  600'  of  Clrvature. 

[Being  equivilenl  to  aconlinuous  11'  ay  curve,  one  mile  long,  assumed  to  double  the 
average  Irain  resistance  in  1l».  per  tons.} 

(Colt  of  IraiD-mile  assmaed  at  ti.oa-) 


Item. 

(Ai  per  Table  80.) 


Average 

CrHi  uMLem 

Cla.  or  Per 

Cent. 


Per  Cent  added  b^ 

6oo*  of  Cutvaiute. 

as  above. 


Coil  due  to 
Curvature. 


Fuel 

Water 

Oil  and  nasle 

Repair;:,  engines   ,  ■ 

Switching-engines  service. 
Train  wages  and  supplies  , 

Repairs,  cars.. 

Car  tnileage 

Rait  renewals 

Adjusting  track 

Renewing  lies 

Earthworli.  ballast,  etc. . . 

Yards  and  structures 

Station  and  general 


7-6 
0.4 
0.8 
5-6 
5-2 
'5-4 

10. o 
2.0 
3.0 
6.0 
30 
4.0 

8.0 
30-0 


JO  per  cent. 

*5     -        ■■ 

as    ■■      ■■ 
115    ■'      ■■ 

Unaffected. 

jjo  pet  cent. 

Unaffected. 

300  per  cent, 

50    ■■       ■■ 
50    ■'       *■ 

50    "       '■ 
Unaffected. 


3.8 
0.1 
0.3 

7.0 


13. 0 

"ft'o 

3.0 
1-5 

3.0 


Total  cost  per  train-mile  of  600' 
of  curvature  (els,  or  per  cent). 


35.6  per  cent. 


35-6 


35.6 
Total  cost  per  Irain-mile  pet  degree,  -j—  =      .0593  et. 

Total  cost  of  1=  of  curvature  pet  year  per  daily  train  (.0593  et.  x  36s  X  a)  =  43.3       rta. 


396.  The  similar  estimate  which  the  writer  made  in  liie  first 
edition  of  this  treatise  gave  a  smaller  estimate  for  the  value  of 
curvature  tlian  this,  viz.,  21.5  cis.  instead  of  35.6  for  the  cost 
per  train-mile  of  600"  of  curvature — 3  difteretice  of  over  50  per 
cent;  and  this  in  spite  of  the  fact  that  the  former  estimate  was 
for  the  most  part  on  an  iron-rail  basis.  The  only  positive  reason 
for  this  difference  is  that  the  writer  has  seen  reason  to  increase 
the  estimate  of  the  effect  of  curvature  on  rolling-stock  repairs,  al- 
though a  chief  reason  has  been  to  ensure  that  the  estimate  was 
large  enough.  According  to  the  above  estimate,  the  total  cost 
of  a  train- mile  should  be  ro  per  cent  greater  on  a  road  having  loo" 
more  curvature,  which  is  the  most  thai  the  evidence  warrants. 
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397.  To  illustrate  how  very  little  difference  any  probable  error 
in  tlie  above  estiFtiate  can  make  in  [lie  jusiiliuble  expenditure  to 
avoid  curvature:  Assuming  tbecase  of  a  road  running  10  daily 
trains  each  way,  the  justifiable  expenditure  to  save  1°  of  curva- 
lur«,at8perccnt,  is  $54.10,  and  to  save  20°,  $io8z.oo;  a  sum  which 
will  warrant  no  very  large  amount  of  work  to  avoid  it.     The. 

ANNUAL  LOSS   TO   REVENt;£    IF  IT    BE    NOT    AVOIDED  will  be 

43.3  cts.  X  10  trains  X  20"  =  $86.60; 

a  sum  sufficient  to  pay  for  perhaps  two  extra  trains  over  the  road 
during  the  year  or  for  running  7302  trains  instead  of  7300.  When 
the  effect  of  the  most  trifling  difference  of  grade  is  compared  with. 
this  ii  becomes  slight  indeed, 

3S8,  This  example  is  for  a  considerable  traffic  and  for  a  con- 
siderable amount  of  curvature,  to  save  at  one  point.  A^j  such 
it  well  illustrates  the  principal  purpose  of  such  estimates  ;is  we 
have  just  made.  It  is  not  to  avoid  errors  of  10,  20,  or  even  50  or 
100  per  cent  in  the  sums  spent  to  save  curvature;  for  we  cannot 
go  far  wrong  if  we  assume  either  $700  or  $800  i>i  )i2oo  or 
$1500  as  our  standard  value  for  such  an  amount  of  ciirv;iture, 
insieaii  of  $1058.  But  its  principal  purpose  is  to  save  us  from  the 
manifold  greater  errors  which  may  so  easily  result  from  follow- 
ing mere  guesswork  and  "judgment:"  from  spending  $5000,  or 
810.000  to  gain  something  wliose  true  value  lies  between  S/°" 
anil  ^1500,  as  has  been  done  in  many  cases  on  heavy  work;  or 
fiom  the  corresponding  error  of  introducing  10°  or  20°  of  curva- 
l"re  recklessly,  which  might  be  saved  at  trifling  cost,  or  perhaps 
ai  no  cost  at  all,  by  a  little  more  care. 

3SB.  All  the  preceding  estimate  of  the  direct  cost  of  curvature 
has  been  based  upon  the  assumption  that  the  cost  per  degiee 
*as  for  the  most  part  uniform  for  all  curves,  independent  of 
radius;  i.e..  that  the  cost  of  the  curvature  in  100  station?;  of  i* 
curve  was  essentially  the  same  as  that  in  10  stations  of  10"  curve. 
This  assumption  appears  to  be  unquestionably  ju5;tified  bv  the 
facts,  but  the  reasons  why  it  is  so  are  considered  later,  in  Chap. 
AIX.,  page  638. 
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360.  A  particular  form  of  iMd  practice  m  respect  to  curva- 
ture, and  one  of  the  most  prevalent  and  indefensible  of  the  minor 
errors  of  location,  i»  a  weakness  for  verv  long  tanoents  and  a 
readiness  to  spend  money  to  secure  llii^m.  A  reasonably  lonn 
tangent,  say  not  less  than  400  feel,  is  always  very  desirable,  if  m.i 
jibsolutely  essential,  in  order  to  taper  out  the  superelevation  and 
■afford  room  for  proper  transition  curves;  but  beyond  this  there 
'is  no  justification,  thcorciica)  or  practical,  for  expending  more 
Khan  a  very  small  sum  ti>  avoid  any  number  of  short  and  gentle 
curves.  The  difference  in  distance  resulting  from  even  very  con- 
siderable and  (recitient  breaks  in  a  tangent  is  too  trivial  to  be  a 
serious  consideration  on  lines  of  small  traffic  {although  it  may 
look  as  if  it  were  considerable,  especially  on  the  ground;  see 
Chap.  XXVIIl.),  and  the  same  is  at  least  equally  true  of  the 
curvature.  Thus  let  lis  suppose  that  there  is  a  section  of  a  mile 
and  a  half  out  of  one  of  lliose  (our-  or  live-milc  tangents,  in 
moderately  difficult  country,  for  which  the  following  curved 
alignment  may  be  substituted  with  some  economy  in  first  cost: 


CCUVM. 

Cenml 

TaUl  txngih  af 

1*  I    for  aeo  ti- 
ll* *  "    600  '• 
a'  L    "    600  " 
a*  Jf  "    s<»  ■' 
a*  i    ■•    SCO  '■ 

1 

10* 

4* 

a.500  (t. 

a.soo  ■■ 
S.C00  " 
1,100  " 

38' 

S.too  It. 

Such  an  alternate  alignment  would  perhaps  have  the  effect  of 
reducing  a  succeS'Ston  of  considerable  cuts  and  fills  materially. 
How  much  does  it  damage  the  operating  value  of  the  line  .* 

The  difference  in  distance  is  as  nearly  as  msiy  be  3j  feet  in 
about  8350.  The  amount  of  curvature  introduced  is  38".  Then 
to  an  hypothetical  line  running  10  trains  per  day  each  way  and 


•  Nuts  to  TtSLt  »«.— N»r  tbe  ntUbuiR  Suiinn  on  tin  Pcniiiylrano  kjiitraM  ii  t 
<Hrve  oi  tivfect  ndiuii  on  (Itc  muh  liac.  A1  »  frn^^^'^'^ui^  m  lh«  vnu  cilf  »i  4  (^HfVc  «l 
<);.(  Icet  radliM.  tmaaa  wlucb  ti  on  w*  pullfd  b)  ^-nia  mgint. 
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payings  per  ccni  for  capital  the  value  of  the  difference  would 

»3  feet  distance  at  (possibly)  0.30  cts.  X  10,    $69  00 

38°  curvature  at  $5.41  X  10, ^,055  80 

Total t'>"4  B° 

Many  a  tangent  has  been  broken  up  improperly  to  effect  less 
saving  than  this;  but,  on  the  other  hand,  a  saving  of  8000  to 
ia,ooocubic  yards  of  excavation  is  enough  to  balance  it;  and  if 
te  reduce  the  estimated  traffic  by  two  thirds  or  three  quarters, 
in  all  ordinary  country  the  saving  by  breaking  up  the  tangent 
■Duld  far  more  than  justify  doing  so,  even  in  light  work,  for  the 
above  figures  fully  represent  every  measurable  disadvantage- 
(rom  a  moderately  curved  line  of  that  character. 

Especially  if  the  general  character  of  the  work  is  heavy,  the 
caution  of  par.  14  becomes  of  vital  moment  on  such  alignment 
if  lilt  most  careful  engineer  would  avoid  error. 

Table  tt6.  • 
Shmpest  Curves  in  Regular  Use  on  Standard-Gdage  Roads. 

(CbicBf  Irom  a  li«  publiihed  in  the  Railrtad  Gaulti  of  OcL,  «,  liit.) 


LoCAUTV. 

SM*lt«ST  CURVt 

Road. 

Radiui. 
Ft. 

DfKKC- 

^  v..  Nt«  Haven  ii.  Hinford 

410 

3B1 
3" 
510 
400 
3?S 

JOO 

136 
»J 
J" 

>,B 
}00 

.46 

"7J 
SS  10  "S 

)0.   100,   luj.j. 

*■                " 

18' 33* 
14*  a)* 

19**  lO* 

Y  lor  Coniolidalion  Eni^ii^"-- 

Over  Rockflsh  Gap  Tunnel...  . 

Pf^aiy[«nia  Rjilroid  irack* 

I'lMibur^,  Fan  Wayne  &  Chicago. 

„•  I,' 

'3*  JO* 

Brnkl^R,  Baih  Jit  Cotucf  fsUod..  - 

Sew  VorkCiiy     J 

t;.  S.  Miliury  Railwir. 

|a3. 

iij,  Ija 

S" 
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■r  Ebe 


The  cum  Ibh  pirai  wai  ihu*  licKritiR]  in  t  iliuuulon.  hf  Mr,  C.  L.  M<AlpiotL  ol  > 
l<i^i  by  itr.  S.  Wliintty  (Tram.  Ani.  Sue.  C,  K.,  tS;>t).  and  Ucneof  ihe  okbi  rtniMfc- 
iilAe  on  record : 

*- PiwnburR  add  Rtdin and.  Virgin l*.  lell  iato  tbe  band*  ol  the  Fcdend  Icootrt  imr  Ebe 
«l«ear  (Hewu.  Tbe  bue  ol  the  Utter  reraurnoniln  hid  bMDUCitrl'alnt.oii  ibi  J 
KlT«r. 

"EmIjt  one  moiDini;  imprrdiK  oiitn  ncic  rKcived  la  run  ibe  lT>in*nf  ilie  Ualwd 
MiliUry  Rutwiji  i»i<>  )Virnl>un['"i'>  Itie  l<iBt  pOHiMt  dgUf,     This  KM  dMi<  by  nooo 
(ht  Hmc  dsir.  uriilcT  cir<u<oiua(ei  Uiai  woaM  bt  djhi  (OleitHioi.  but  luniea  u>  ibc  kubr 
under  ducuultin. 

~  Tim  tii.Icr  WM  lolloiMd  up  bf  *ao[b*r— ibal  nUnM  coniauiuuilon  nrlltl'  RMMoiad 
•hnu'd  lie  rIKdtil  >l  ancr. 

"  rn<  ruilKud  MldRC  »i  PtHnhuiKi  «Mr  Ibr  Apponillac.  had  btro  burnrd.  N«  uonnK- 
IindAi  tliai  p\ic«  hul  *r«i  htvn  mid*  m  nner  iinn.  ind  Ibc  (iia  eumiiuiiaiii  ihoKCd  Utal 
)i»r)r  riciraiwnk  tK  .  r(quirir>e  (iwi  'ror  viliicli  ilic  dcpaulneni  ncrtr  msdi  alknuic), 
mtui  be  iDJkdc.  bHufc  ftf^y  rr4ti">Ati]r  ctrnnc^nun  Mtih  the  fttcltinmti  lint  could  b*  tJI«cnd. 
TbWitran  IbfftnEiaMf  in  chUKi  ihid  ih«  •ppucmly  inadni  hi  bit  curve  adoplcd. 

'CoBlnrr  ti  'bt  advice  of  Inuknun  ud  bntlKc-bulMen,  ■  (hari>  (urvem*  ItU  ouLal 
mnrfi  iK«»  onr  hunJrcd  ir-^izm,  whh  a  rftdliit  of  fifty  f#vt.  on  mhai  wiu  lo  beeomc  Ibc  BAin 
tine.  Thrcum  vrifm  omit- work,  and  throuwMc  pMUvrr*  (rased  flitit  incbei  leacct 
■ban  Ihe  iKnei  <»»&  The  iln  ■>««  of  uBiiil  wbiic  [^liK.  iliice  tiicbn  in  Uticknt*.  *•<  ■*« 
rail*  wr'e  doublit  tp*ked     Tatn  quar^  r*it»  wrrr  u«*dp  aim  <T<pub]*  tp>kfd, 

''  'YhB  kicpiauuiti  tiii^nvci>  t<aet»lk|r  ccmclemned  llir  bndirr  aod  curre  «  tint  i^^l  albvr 
c«mt>r<;ilon,  au-1 .1  iirr^i^i;  prrjiuiice  ir.ucreitnl  jn^mii  11  (iiit  thf  ixiiTr  HiMWd  lb*  wont 
<(me-l>i1li»>inii  enijliit  in  (hi  hivkc.  ibc  *  buk-etniuenl.'  aiiil  uidetcd  her  lu  make  ibc  CrM 
lilai. 

'  WalklnR  bMkwjMt,  md  la  (rent.  M  Ibli  enei»«  tlowly  made  iu  way,  it  wiueMy  lb  per- 
otite  btr  aeiMn  ofi  thit  ilia<)>  eurVF. 

"A  trttli  prtMutt  ■«  ilir  ouiei  rail  •ernrit  lo  drin  ib«  wheel*  (boih  0(  ihe  tnitk*  and 
attrmi  duwn  un  i»  ib<  iniic  r*il.  lo-l  dmnntiraicd  pnuUca)1y  wbu  had  been  inlended.  lAat 
the  tra>m*nuu  be  tdmArt  ihicujfJi  iln  vurveai  ciraivr  kivcct- 

"  Thcrufier.  when  iht  l-itumnii«e  nea  Mume  u>u>iara*it  Wthetum.  iheipccd  iIif«o(li 
II  tm  uaually  (laiD  einhl  lo  len  oIIm  ib  bour. 

"  A  T^r  larc*  irtiRc  laaard  aver  Lbii  curve  tow  moutba  aftcrmrda,  tupplyma  the  armiefl  4f 
occufai'iin  In  Krchratin^j.  aixi  a;  ^iirr  fMimi  to  (b«  vifuibvard,  and  an  ateldeni  or  trouble 
WtMffri  Hat  riprneRc«il  ai  the  riaee  in  ^^uekLion.*' 

On  ihi-  (  (^r  (unt  (traJin  of  the  Meslfan  Ralln-»y.  revtned  Curve*  ol  ija  (I.  radiut  on 
Icmpumy  >ti\<k  iminul  isnii''l>  were  ii|Kritc>t  by  oidiiiiuy  lucomotivn  (or  a  y«K  or 
men  nt  lu  iinx  (i|>«iine.  ""I  oumy  "'ti'r  rostt  of  mch  l«mporuy  lue  of  »«y  «han» 
<ili*«>  miGliI  tv  addiicetl.  Ail  nl  ihc  above  (urrs.  however,  arc  In  pemuDtnl  Inck.  al- 
UiouEb  mCTi  ol  ilirni  At*  in  loCAtllia  where  tl  ii  eanvrnknt  to  uprrJIr  tliriR  at  iwy  *)v 
jpc«dt.     The  ilLirpeK  currrt  nn  Ihr  nprn  road  of  Ibrev  nf  the  trunk  linn  am  : 

New  Y.)il.  Lake  Erie  &  Wertwn Itf" 

IVnnnvh-.tnia.     ,............,,-■       S* 

Balrniiiirr  S  Ohio, 9'30' 

Th«  HrM  «( ihew  cirtn  is  a  m'enMl  cam  at  Caaaic.  a  Im  mihs  out  o(  Nn  Vmfc, 
anil  an  ■niirmout  inJQc  pima  over  li.  ]<  could  be  laktB  out  ai  very  moderate  cipeii<<e, 
but  has  not  nrmvl  Huilicinilly  nbjeCtlonAfale  to  male  Ihia  appnu  mirth  whiW.  The  Nfv 
York  Central  hoi  one  nry  tharp-cutvc  of  about  14*  on  lU  main  line,  but  in  a  yani 
whnr  apriil  ia  ahiw. 

.Varrtts^X^rff  muti  haw  raitly  nteil  (harper  than  14*  curves  In  any  put  o(  Ihi 
OTorbl,  although  a  Itir  as  sharp  aa  jo>  ar«  in  utc  in  Colorado  Mid  (laawherr. 
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CHAPTER    IX. 


RISE    AND    FALL. 


361.  The  expense  of  gradients,  as  we  skw  in  part  in  Chapter 
VI.,  arises  from  two  causes,  which  are  totally  distinct  and  must 
bt  Ittpt  so  to  form  any  correct  estimate  of  their  cost  or  of  their 
proper  adjustment.  The  association  between  them  is  accidental. 
The  distinction  between  them  is  vital  and  fundamental. 

The  first  of  these  causes  is  the  direct  cost,  for  wear  and  tear 
and  fuel,  of  ascending  to  and  descending  from  any  given  elcva* 
lion,  instead  of  running  on  a  level;  in  other  words,  the  cost  of 
KisEAND  FALL.  This  is  the  branch  of  the  subject  tliat  we  pro- 
pose now  to  consider. 

The  second  objection  to  gradients  is  the  effect  which  the 
ma.xlmum  or  rather  ruling  grade  (since  the  ruling  grade  may. 
oniiig  to  the  effect  of  variations  of  velocity,  be  either  greater  or 
'^s^ihan  the  nominal  maximum  of  the  profile)  has  to  increase 
'hecost  of  operating  the  entire  line,  however  short  the  ruling 
gfade  itself  may  be,  not  by  increasing  the  direct  expense  per 
train. mile,  but  by  limiting  the  number  of  cars  to  a  train. 

362.  This  latter  objection  to  gradients  (i.e.,  to  one  particular 
gradient,  the  worst  one  on  the  line)  is  greatly  more  important 
'hart  the  former,  but  it  has  no  real  connection  with  it  whatever, 
being  different  both  in  its  nature  and  in  its  eHect  in  detail  on  the 
'jperating  expenses. 

In  fact,  it  is  not,  properly  speaking,  an  attribute  of  gradients 
at  all,  except  that,  owing  to  the  limitations  of  the  locomotive 
engine,  gradients  happen  to  be  the  most  usual  cause  which 
limits  the  weight  of  trains.  But  this  is  not  invariably  so.  Some- 
times curvature,  and  not  gradients,  is  the  limiting  agent.  For 
example,  the  Hudson  River  Railroad  probably  approaches  the 
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nearest  to  being  on  a  direct  level  throufchoui  of  any  line  of  its 
length  in  the  world,  yet  in  laying  out  that  line  the  locatitig  en- 
gineer has  freely  introduced,  upon  slight  occasion,  short  grj* 
dients  of  0.3  to  0.5  per  cent  (15  to  25  (l,  per  mile),  wliiclt  could 
have  been  avoided  »t  slight  expense ;  and  wisely  so.  because  the 
unavoidably  sharp  curvature  of  Ihe  line  effectually  limits  the 
weight  of  trains  10  Eucli  as  is  easily  hanled  on  a  considerable, 
gradient.  Up  to  a  certain  grade,  therefore,  curvature  takes  01 
this  line  the  place  of  ^rudienu  as  a  limiting  agent.  Had  the 
topography  of  ihe  Hudson  River  permitted  such  an  alignment  as 
that  of  the  Canada  Southern  Railway,  for  example,  M-liich  has 
no  curvature  to  speak  of,  u  very  great  expenditure  might  have 
been  jusiifiuble  to  eliminate  lhe»e  same  gradients  which  liave 
thus  been  freely  and  wisely  inirodiiced, 

363.  And  if  ai  some  time  in  the  future  the  locomotive  eng 
should  bcsoimprovcd.orEuch  new  motor  discovered,  as  to  be  abl 
to  exert  an  indrfmiteiy  varying  power  according  to  the  need  at 
various  points  on  the  line  (even  if  the  cost  for  power  were  no 
less  per  foot-pound  than  now),  all  objections  to  both  grades  and 
curvature  except  such  as  is  iNittRENT  in  them — the  resulting 
wear  and  tear  and  waste  of  fuel — would  disappear,  and  they 
might  be  introduced  with  great  freedom  ;  for  neither  of  thetn 
would  then  have  in  addition  ui  their  own  inherent  disadvaai^< 
the  further  effect  ni  limiting  the  weif^lil  of  trains. 

T lie  strength  of  couplings  woiilil  thrn.  perhaps,  become  the 
limiting  agent,  and  all  that  great  value  which  now  attaches  to  the 
reduction  of  the  rate  of  giades  would  be  tnlccn  bodily  from 
and  transferred  to  securing  the  strongest  possible  coupling.    The 
direct  cost  of  the  rise  and  fall  on  those  gradients,  however  (ii 
effect  to  cause  wear  and  waste  power),  might  remain  entirely  u 
affected. 

Somu  radical  change  of  thin  kind  seenis  possible — it  might  altiiost 
said  Imminent— from  the  itevelopmcnt  of  cleariciiy  ss  a  motive-power. 
An  electric  motor  »n  simple  thiit  it  could  he  applied  10  cacli  axle  of  ci'ei 
car  would  revolutionize  the  art  ol  Uiying  out  and  opcraiinK  railwnys. 

364.  To  puiintotfchnlcaltprm-'cihe  whole di«inction  hriuTcii  rUcan 
fall  proper  and  limiting  cdccl  on  trains.  The  tost  of  rise  and  fall  bears 
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dMd)'  approximaie  ratio  to  the  fe«(-poMHdi  t/  vwi  required  to  lid  a 
ttain  ii  (ect  high,  which  is  inilepcndcni  of  the  rate  ofthc  grade.  Any  new 
dHlncal  Of  other  motor  mi^ht  an<l  probabljr  would  leave  the  cost  of 
[Mcrper  foot-pound — which  is  a  tmall  mailer  as  it  is — entirely  unaf- 
lecMl.  But  the  great  objection  to  heu\-y  gradienU  on  railways  ii:i  at 
pRxni  operated  liev  not  in  iheir  ellcct  in  increase  the  feet  pounds  ef 
««riU)be  performed,  but  iii  th«  increaM  which  iheycuuie  in  thf  pounds 
fflmiitn  whkh  the  locomoiivt  is  required  to  CJtcrt  wliilc  on  iliem.  The 
fn^ot  tension  which  the  locomotive  can  exert  being,  from  iu  con- 
iinction.  strictly  limited,  wc  are  obliged  to  increase  the/Vr/  passed  over 
a  umiounting  elevations  It.c  to  reduce  the  rate  of  grade)  by  c%'er>-  pos- 
kUtdevicc  and  at  large  expense,  in  order  to  enable  the  locomotive  to 
ptUltige  inlns. 

Jkit  lack  of  adapcabitiiy  in  i)ie  locomotive,  if.,  inability  to  exert  any 
pdlwhatevcr  if  the  speed  be  re<luced  ciiougli.  or  to  give  any  speed  whai- 
cm  if  the  resistance  be  reduced  enough,  is  its  greatest  mechanical  defect. 
A  jwrtial   remedy  has  been  found  in  rack  railways,  etc..  a-t  noted  In 


Ch^XI. 

3«L  It  tlterefore  results  that  the  cost  of  a  ruling  grade  is 
tly  us  the  rate  of  (^radc  and  independent  of  its  length  or  of 

elevation  surmounted,  while,  per  contra,  l)ic  cost  of  rise  and 
Ulisdirectly  as  the  elevation  surmounted,  and  (within  moder- 
■t«  limits)  independent  of  the  rate. 

M6.  This  contrast  alone  is  enough  to  show  the  radical  dis- 
UBctJon   between   them  ;   but   while   the   distinction   is  readily 
Cttnigh  admitted  in   the  abstract,  it  is  frequently  confuted  in 
practice,  and  such  a  practical  confusion  of  these  two  wholly  dis- 
tinct objections  to  gradients  destroys  (he  value  of  any  discus- 
lio«i  or  estimate  of  cither,  and  forbids  any  clear  understanding 
rf  the  proper  adjustment  of  grades  :  leading,  on  the  one  hand, 
M  very  errone<iUK  theories  that  "undulating  gradients"  (in  other 
*ords,  mere  surface  roads  on  any  convenient  grade)  are  not 
leriously  obicclionnblc, — which  in  some  cases,  on  some  parts  of 
a  line,  may  be  very  nearly  the  case.— and,  on  the  other  hand,  to 
equally   mistaken   expenditures   to   introduce   a$   long  and   as 
rtearly  level  grades  as  possible  at  all  points  of  the  line  indiscrim- 
iDaiely.     The  latter  is  a  particularly  dangerous  and  common 
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error.     By  trusting  chiefly  lo  mie'R  impressions  or  "  experience' 
in  such  matters,  liabit  may  make  it  a  second  nature  to  reduce  a 
g;rades  as  much  aiitl  as  speedily  as  possible,  and  to  stretch  ou 
the  loRgcst  piece  of  thread  which  c»n  be  made  to  lie  on  the  pro*' 
file  in  fixing  the  grades.     A  thousand  feet  further  is  not  far  on 
the  profile,  but  it  often  entails  a  considerable  expense  for  con- 
struction to  no  purpose  whatever.     On  the  other  hand,  the  con- 
trary error — an  undiscriminating  readiness  to  use  "  undulating 
grades" — has  seriously  reduced  the  value  of  more  milesof  railway 
in  the  Western  United  Slates,  perhaps,  than  all  the  other  causes 
combined  ;  because,  unfortuiiatcly,  nature  has  left  it  possible  in 
that  region  lo  run  almost  from  anywhere  to  anywhere  in  very 
nearly  an  air-line  if  we  are  ivilling  to  accept  what  arc  euphem 
isticalty  called  '■  moderate"  grades  of  »j  to  75  feet  per  mile ;  in- 
stead of  llie  dead  level,  or  nearly  that,  which  in  many  cases  was 
equally  easy  to  obtain  by  moderate  deviations  from  some  "50- 
mile  tangent." 


367.  To  some  extent  the  cost  of  Hm  and  fall,  as  well  ns  the 
limiting  effect  of  gradients,  depends  upon  ilic-  rate  of  grade,  for 
it  must  be  divided,  as  respects  cost  and  disadvantages,  into  three 
quite  distinct  classes,  according  to  the  grades  on  which  it 
occurs. 

These  classes  are ; 

A.  Rise  and  fail  on  grades  so  light  or  so  situated  as  never  to 
require  the  use  of  brakes  nor  variations  in  the  power  of  the 
engine. 

B-  Rise  and  fall  on  grades  heavy  enough  to  require  the 
shght  u$c  (if  brakes  or  shutting  oR  steam,  or  both,  in  descend* 
ing,  but  not  such  as  to  be  a  serious  tax  upon  the  engine  in 
ascending. 

C.  Kisc  and  fait  on  maximum  grades,  requiring  the  full  powc 
of  the  engine  m  ascending,  with  more  or  less  use  of  sand,  danger 
of  slipping  drivers,  and  the  use  of  brakes  m  descending. 

To  which  one  of  these  classes  any  given  grat^e  will  belong,' 
Will  depend  in  good  pan  upon  the  general  character  of  the  line ; 
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but  as  between  the  classes  themselves  there  is  a  marked  and 
deeded  difference  in  cost,  in  passing  from  one  to  the  other. 

In  order  to  determine  the  method  by  which  they  may  be  cor- 
rectly distinguished  from  each   other,  it  will   be  necessary  to 
consider  now  one  of  the  most  important  departments  of  the 
subject  of  ruling  or  limiting  gradients,  as  well  as  of  rise  and 
fall,  viz.: 

THE    LAWS   OF    ACCELERATED    AND    RETARDED     MOTION,    AND    THE 
EFFECT    THEREOF   ON    THE    MOVEMENT    OF    TRAINS. 

368>  We  cannol  ^o  inlo  the  general  theory  of  this  question  as  fully  as 
■night  be  desirable,  because  the  final  results  of  such  a  discussion,  which  we  shall 
need  to  use.  vill  be  in  so  simple  a  form  that  any  one  can  use  them  almost  me- 
chanically. The  student  is  urgently  recommended,  it  not  already  familial  with 
lite  general  laws  of  mechanics,  to  study  and  master  the  elementary  principles  al 
IcAsi  of  theoretical  mechanics,  which  it  requires  no  great  lal>oi  [o  do.  Almost 
»"^>-  treatise,  thoroughly  mastered,  will  suffice,  but  Todhuntcr's  "Mechanics 
'c>r  Reginners"  {the  title  being  somewhat  misleading)  is  particularly  useful  for 
'hose  who  desire  10  go  thoroughly  into  the  subject,  and  test  their  knowledge  by 
'XajTple.  In  this  respect  Todhuntcr's  entire  mathematical  series  are  quite  un- 
eciualled.  A  fair  but  in  some  respects  deficieni  general  idea  can  be  obtained 
"om  Trautwine's  "  Pocket- Book."  which  may  be  assumed  to  be  in  the  hands  of 
*vcri  engineer.     The  writer  knows  of  no  treatise  in  which  ihc  important  ptac- 

*>Cal  applications  of  these  general  principles  which  we  are  about  to  discuss  are 

"lore  than  obscurely  hinted  al. 

369.  A  railway  train,  or  any  other  body,  acted  upon  by  any  force  or 
3iiy  number  of  forces,  as  gravity,  the  tractive  power  of  the  locomotive, 
'ricli'in.  etc..  which  are  for  the  time  beint;  uniform  in  tlieir  action  and 
y«  do  not  exactly  balance  and  destroy  cacli  other,  is  under  tlic  c  >ndition 
*«:hi)ica!ly  known  as  uniformly  accelerated  or  retarded  motion,  the  laws 
o(  H-hich  are  the  same  as  (or  a  body  (ailing  freely  in  a  vacuum.  ;ictcd  upo;i 
by  gravity  alone.  Rather,  the  latter  also  is  but  one  particular  case  of  a 
Lxncral  law. 

When  one  of  the  forces,  as  train  resistance  or  air  resistance,  i;  not 
constant,  but  increases  or  decreases  with  the  velocity,  the  body  will  not 
be  governed  by  the  laws  of  uniformly  accelerated  motion,  but  by  lans 
much  more  complicated.  Within  moderiiie  limits,  however,  and  within 
limits  sufficiently  broad  (or  our  present  purposes,  the  motion  may  he  as- 
sumed to  be  uniformly  accelerated  or  retarded  without  sensible  error, 
and  we  shall  so  consider  it,  except  where  otherwise  explicitly  stated. 
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370.  All  en«i^  or  work  conimuntcaled  to  any  budy  mu»1  be  em-' 
ptnyL-il  cither  (ij  in  (>ver(roniing  frictional  or  oth«T  residance^  or  <3) 
itU)rccl  up.  10  to  Hpeuk.  within  the  body,  in  the  (orin  vA  an  increase  d 
velocity.  The  cneiuy  »o  *ti>reil  up  is  rtconvcrtibic  into  work  at  aiij 
time  without  Ium.  und  its  amount,  (or  any  gi^tn  rclcKriy.  may  be  vcryj 
simply  dciermiiied  by  formula,  or  Instantly  from  a  tabk  (Tables  117  and 
iiS>. 

371.  To  deiuniiine  by  formula  the  work  rcprcsciiicd  by  a  civen  v^-' 
lotity.  or  tile  velocity  atramable  by  a  ^iven  amount  of  work;    It  was 
found  experimentally  lon^  aince— by  G;ililco.  at   the  leaning  tower  of 
Pisu— that  a  body  (ailing  (revly  toward  the  earth,  with  no  oppotiiig  re- 
siatanccs  to  impede  its  motion  (in  other  words,  a  body  continually  acted 
upon  by  a  force  cqiul  to  uliat  ve  term  its  weight),  will  (all  thiou^l)  16.08 
leel  in  one  second  o(  time  tin  the  latitude  of  Italy  or  New  York.  16.04  at 
the  equator.  16.09;  at  London.  \\'  31'  N.:  16.127  ai  80'  N'.i.and  will  then 
be  moving  with  a  velocity  of  twice  its  average  velocity,  or  33.16  feet  per 
NOond.     In  the  second  second  the  velocity  previously  acqiiiretlwill  carry 
it  through  3J.16  feet,  and  the  continuous  aaion  of  the  original  force  will 
carry  il  through  an  addition.-il  di<iiancc  of  t6.o8  feet,  and  communicate  anJ 
additional  velocity  of  3J.16  (eel  per  second,  making  the  loia!  distanc«J 
tallcM  through  in  the  second  second  48.24,  and  the  llnal  velocity  acquired^ 
64.31  (cet  pLT  ?ti-cond.     By  this  process,  which  can  be  varied  in  many 
ways,  and  which  was  in  the  bcKinning  purely  empirical,  the  general  laws 
I18VC  hccii  determined  which  may  be  snmm.irized  thus:  fl 

The  total  time  beiiic  as  i,  i,  3.  4,  cic.  the  velocity,  either  averse  or^ 
liflal.  will  lie  as  1.  3,  3.  4.  etc.     The  total  !ip.ices  paxKcd  through  wilt  be  a» 
the  square  of  the  velociii«.  or  1.  4.  9.  16,  etc..  and  the  spaces  for  each 
time  as  1.  3.  ;,  7.  9,  etc.    The  linai  velocity  is  always  twice  the  avcra^ 
velocity. 

The  beig))i.  =  h.  thmugli  which  a  body  must  (all  to  aniujie  a  velodiy 
of  w  feet  per  second  is 


il 
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t? 
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or  to  acquire  a  velocity  of  V  miles  per  hour;  since  v  =1  v       -,    V. 
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37?.  Why  the  constant  31.16  above  noted  should  be  prcciscl)' 
llui  it  is.  insicad  of  3a.t6or  42.16.  is  unknown,  and  iiricncc  does  no* 
nwi  lend  to  deicrminc  it ;  but  ii  is  known  that  this 'cnii Main,  which  ia 
Oiled  tite  ACCELERAilOS  or  (;havitv.  wiTt  var)-  dirccilyVith  the  (orce. 
*l  the  latter  be  greiter  or  lesi  thun  Kruvity :  *o  thai  with  this  change 
aadc.Ute  (onnula  oof  general  upplicuiion  loa  body  acted  on  by  any 
■niformly  accelerating  lorcc  wlutever. 

373.  From  this  formuU  Tabic  117  \i  otkulatcd.  It  gives  ai  once  the 
ttocity  in  miles  per  hour  which  will  be  acquired  bya  train  (or  any  other 
tody)  (ailing  without  (fictional  resistance  through  a  given  vertical  di>- 
Once  (acted  on  by  a  force  equal  to  it:^  weight  (or  a  given  distance)  and 
kcnce.  convertcly,  the  vertical  di»tanec  through  which  momcnium  alon« 
"^■1)  li[t  the  tram  ino\'ing  at  any  given  velocity  against  the  (orce  of  grav- 
ity. Nothing  more  ihao  this  table  and  a  general  understanding  of  the 
tubjea  b  needed  to  solve  all  ordinar)-  problcro.n  connected  .with  location 
^''ising  (roni  variations  of  velocity,  except  (or  one'dctail.whichlinakea 
Tabic  1 18  ihe  better  one  to  use. 

Table  117. 

M  ticKT  IN  ViBticAt  Fa«T  TKROucii  wiiiai  a  Boor  invfr  Fall  to  ACQtnaa 

A  OivEN  Vklocitv  i»  Milks  Pes  Hour. 

^r  Oa  haiclM  ihrough  which  <tw  tctrcy  due  lo  ihai  vclodij'  u)ll  lift  (he  body  iigaltul 

[itvHj  onlj  bcfurt  St  totnrt  tii  reat. 
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For  mnpcUtloiis  ooan«ud  with  ihe  movcmcni  ol  trains  Iht  following; Tible  ii> 
■JMuldbroMd. 


374.  The  formula  of  par.  371  a««urnes  that_  the  body  U  in  mocion  as 
a  whole,  but  that  its  parts  arc  at  icat  relatively  to  each  other.     In  a  mov- 


334    CHAP.  tX.—tt/S£  AND  !-Ai.L—EfF£Cr  Of--  VMLQCtTY. 


\n%  (ruin  this  is  not  so:  for  ihe  vrbe«U  anil  axtc^,  in  arl'luinn  to  tlicir  for- 
wiird  iiKiiii)]),  AFL-  111  riipid  roiaiioii.  su  timt  adiliii'>niil  (.-nerKy  is  stored  up 
trilltin  tlicm  as  in  so  niaiiy  (ly-wliccls.  To  put  ti)c  »ani«  Irutti  in  another 
nay :  Eocli  panicle  in  llic  wheels  and  axles  (except  on  tUe  axii>  iii<ivc» 
more  feci  per  sccoml  ihmugli  sjiacc  (albeit  !q  a  curved  patlitthan  tti« 
train  as  a  whole,  «o  thm  they  necessarily  tiJivc  more  cnc^y  stirred  williiD 
llicnv 

Ttic  energy  due?  lo  llie  fotation  f>(  the  wheels  and  stored  up  in  them 
aa  ii)  a  t)y-u'hc<'!  is  tisnAlly  coinpmed  icpaiaiciy  from  that  utiich  ihry 
have  in  eoinmon  witli  the  re*.!  of  the  train,  when  it  is  computed  at  til; 
but  (or  all  pnrpoEcs  in  connection  with  ihe  molioo  of  trains  (or  wliicli 
ih«  one  IS  required  to  be  l<novrn.  ilic  oilier  may  be  snid  to  be  ilso,  and  In 
Taliic  1 18  tlic  iwoiire  includril  to;;etiicr.  If  the  wheels  were  not  in  con- 
liuriwith  tlie  ntil.t.  hut  were  mnunied  like  Ry-H'hc<-U  u'itliiii  the  car,  ihry 
wotilil  exctcise  no  efleti  upon  ihe  lorwjrd  motion  of  llic  irnin.  Aftvr 
ihc  ir^iin  had  l>een  lirou((hl  lo  .1  stop  they  would  continue  to  *pin  around 
imtcfinitcly  until  stopped  tiy  their  ou-n  friction ;  but.  being  in  cotitacc 
with  'he  r^iU  (or  if  moiinicd  on  the  body  of  the  car  and  connected  with 
tlic  wheels  by  gcaringf.  they  act  very  eHectoally  to  cnrry  the  train  -Jong 
Just  BO  much  farther,  in  the  same  way  as  the  mtaiing  fly-wheel  on  iltc 
hiltc  toy  ItMomotivM.  which  almost  every-  one  has  seen,  causes  tlic  biter 
(O  move.  beinK  in  that  case  the  unly  motive-power, 

379.  The  imounl  o(  enerxy  in  nny  rutatins  body  ii  delcimincd.  4»  may  be 
ftecn  in  aav  ireatiic  on  mechanics,  by  dcicrmlnlnE  ihe  pasliion  and  vc-loeiiy  o( 
a  point  eallctl  ilie  cenirc  »(  eyxli"",  which  Ih  ihc  poini  ut  xvhivh.  if  ilic  «lioI« 
ronu  of  Ihr  rouHni;  lioJy  were  concentiMed.  an;:  given  force  would  communi- 
cate ihe  Ktme  velocily  of  rotaiLon  a*  It  does  to  ihe  aciuni  liody.  Moiioa  in  > 
circular  or  oiher  curbed  path  ai  any  given  linear  velocily  mctnt  ihe  Accumata- 
lion  of  Ibe  ■»»<•?  ^inounl  of  energy  :i<t  il  ihe  hoily.  at  a  whole,  nere  movini;  in 
rlihl  line  at  the  same  velocity,  and  if  ihe  bndy  be  hoih  revolving  aod  moving 
lumard.  like  ihe  nhetls.  ihe  iwo  arc  tcparaic  and  in  addiiion  la  each  oiher. 

374.  The  miinner  »I  clctrrmininB  ihit  radius  of  Kyt>tii»n  il  is  needless (<■ 
into  in  deuil.  Acoidinic  t"  Ihr  pallcin  of  whrel,  it  will  vary  briwreo  0.7  Wl' 
o.d  of  the  actual  railiui.  brinK  in  car  wheels  nearer  o.;  and  in  liKjuinulivc  dilvRff 
fully  0.&-  Assuinlns  a  minimum  radius  of  0.7.  it  "ill  be  plain  that  poinis  vx 
iliat  circle  are  rnlilioK  'lih  a  linear  velocity  of  07  times  the  rclooty  of  (be 
Irnin.  und  hence  Ihal  the  rlil*l>»e  eiierey  only  of  the  wheels  will  he  o  j'  or  c.4l> 
— in  round  nunibcn  one  half  thai  due  10  the  forvird  motion  of  the  wheeli  tn 
common  wiih  the  leai  of  the  train.  Really  il  xhauld  be  a  llule  mare  than  ihis 
even  n^ure  for  ordtusry  palterns  o(  wheels,  and  la  locomotives  ti  1*  lally  fix- 


n  a 

1 


tenilm. 
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Eitinuiiag  ordinaiy  ear  wheels  to  weigh  3^  [oni  per  S- 'wheeled  car.  or  561 
pniDili  per  wheel,  the  ratio  ot  the  weight  of  the  wheels  to  the  total  weight  will 

bt  about — 


Wfigliing 

Pet  nni  of  weight  of  wheels 

Uitiog  an  addition  10  the  total 
(Dcigy  of  ibe  train  of  about 


la  ■  Puienf^r 

or  Loaded 
Freii{hL  C;ir. 


In  ftfi  ErapEjr 

Fieighl  Car. 


tl\  tons. 
10  p   c. 

5  p.  c. 


9  Ions. 
25    p.  c. 

la}  p.  «. 


Iq  Locomoti  n  and 
Tcndcc. 


10  to  \%\  p.  c. 
6  to    7^  p.  c. 


W<  may  say,  therefore,  that  [he  rotative  energy  of  the  wheels  will  add 
ibiiiii  6  per  cent  as  a  minimum  to  the  accumulated  energy  or  "  velocity  head  " 
ol  tbe  Liatn  as  a  whole,  in  the  case  of  ordinary  passenger  or  loaded  freight 
uiiu,  which  with  very  heavily  loaded  cars  may  be  a  little  less,  but  in  tbe  case 
clloDg  trains  ot  empty  cars  may  be  some  4  or  5  per  cent  higher.  Under  this 
usDiDption,  assuming  6.14  per  cent  for  ease  of  computation.  Tabic  118  was 
tomputcd,  which  is  the  proper  one  for  use  in  all  computations  concerning  the 
<H^  stored  in  trains  at  various  velocities. 


Table  tl8. 

Total  Enwgv  of  Potential  Lift  in  Vertical  Feet  (or  Velocity  Hbad) 
IN  Trains  moving  at  Various  Velocities. 

iKtUing  iki  Effect  of  the  Rotative  Energy  0/  lie  il'irels  for  Passenger  er  Loaded 
P'tighl  TraiHi.  assumed  at  6.14  per  cent  of  the  lota!  tn»re>-.  Kot  trains  of  empty 
bl  ot  oal  cars  add  about  4  per  cent  to  the  quantities  below,  and  proportionately  for 
niinl  (rains. 


Mild 
P» 

HuCtL 

V.I.  li.. 

0. 
0.00 

I. 

%. 
0.14 

3. 
o.ja 

4. 
o-S? 

3. 

0.89 

6. 

1 18 

7. 
"■74 

B. 

•■"7 

s. 

9.88 

Mild 

.0 

.1 

.2 

.3 

.4 

.5 

.e 

.7 

.8 

.S 

»   .... 

T,i% 

ib. 

}*9          3-77 

}84 

J. 91 

J-99 

4 

07 

4.'S 

4  " 

II  .... 
■1     .. 

1) 

■» 

rt 

^1 

>9      ... 
J] 

J. 11 

6.00 

6.96 

10  16 

4.jB 
i-xr, 
ft  09 

v* 

a. 10 
9.11 

10  39 

It. 6] 
.    13.96 

4.<6 

6.J9 

7.16 

9J» 
10.51 

IE.  76 

'1=9 

4'S4 

to  64 
11.90 
'3  '3 

4.6J 
5.46 
i  ]8 

J  37 
8.43 
9  55 
10.76 

n  S7 

4.70 

5-55 
6. 47 

7  47 
8.54 
9.67 

ID.  38 
11.16 
13.51 

4. 79 
5.64 
«i7 

7    57 
3  6s 
9-79 
11. 01 
la  ?o 
13.64 

* 

5 
6 

7 
3 
9 
11 
13 
13 

87 

7} 

«7 
68 
76 
90 

■  3 

;;?5 

6,76 

77B 
8.87 

lO   D» 

Tl,a6 
Ij-Sd 
'3  9' 

513 
5.91 
6.86 

13  bq 
14,04 

» 

M-»j     M-» 

■4.49    1      '4  ^4 

1 

.4.78 

14.93 

15.08 

IS 

=3 

15,38 

IS  Sfl 
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Table  118. — Continued. 


B         i      ij  .  I    J      (*  in  fi.  ptr  ««.       t.467'r'  (In  milei  per  hour!  „, 

FoTiDula:  Vd.  head  b ' ■  — !--i ~ — m  aoaiM*!  * 

To  whidi  add  &  14  p*r«nl  (or  rolallv*  (00x7  ot  tli"  whecli  >  (9.oaao$5r* 

Glvini;  w ih«  final  fornuib,  bvvhkh  ihe  table  U fompuied,  ftf.  iet^  m  ft.O3S50O>'* 

Thv  ibcne  iabl>  n  n>£I  (<n  th«  rrrn  milM.  Th*  li*ii:hit  for  Mntluof  >  mile  pttliour 
««re  AIImI  in  by  Inltrpobtlon.  >n4  tlir  I1M  dl)^l  may  be  in  tma. 

The  prMcu  of  computlni;  ihe  rnult  at  4  brjb-4cn  by  the  aid  of  Ihi*  ubl«,  wbff  h  nuf 
b*  UMtuI  tot  tefaniict  is  CDDoectiDa  with  tl.  it  it  follow*  1 
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k  St**^  ■■  mflM  per  bout  al  OMUnt  of  kpplyinc  btakM. 

(  ttitntt  run  atlcr  ■iqilj'lne  bf«1W9.  in  (««<. 

I  tuttf  gri4t.  ommliiiic  or  iltmixlinc.  in  pel  rani.  I.e..  (tct  per  tuiion  uf  100  ll. 

»  Atf/^fWi  t/ 1^  M^isHicU  i/lhi  Inttn  le  itwiiii  hrtiti  uitTt  applltd.  (bKrfrt 
«MiMrf  lnd(ttfinliWlhts/n>;Wr/i>nt.1hc  tolal  wrlj^ht  of  thr  train, otllw  tola!  wvigIiI 
«  h«M  «  untmkfd  trbtcb,  it  uncurmliil.  and  clod  not  eater  toto  thceofllpuutlan.) 

T*  IhM  MMntia)  MM  fbouM  pra(*tably  b«  oJdecl : 

},  lau»f  i»rp  i*  (McmU  (bol  Ulun  wiili  ■  iiop-watcli). 

pRocBu  OP  coMPVTArion. 

I  TUc  (torn  llir  table  ihe  heichi  In  nrilcal  Irel  comapMuUne  lA  ll*  opwd,  I.e..  the 
'Tri.  tul."  Ditiile  it  (7  itic  lui|:tb  of  the  (lop  In  (lilkint  of  lao  ft.  Tlif  qiiiilicnt 
|rt>>>*UI  In  ■!!  ordinaty  an»  \»  bMwrrn  the  filnnw  Umiliof  1.00  and  aouoo)  li  Ihe 
tfmtlml [TMit  r/  rtlziaitirif  tot  a  slop  on  a  le*cl  grade. 

l  TattU(|uiiURil  dA/  lliF  tilital  >a(r»(  icivie,  if  ilKcndlnE.  or  tuUratl  ll  if  iK*iid- 
h(  SMrtit  aba  the  Eiwlr  rrfimpnlini;  the  iirrmf  Iniin  nvbtancc  durius  lli«  CDIil* 
t»t.  •Mt  iMf  be  appnotnulcl]!  aisunwd  ai  loltowa : 

Miln  per  hnu. 


UUHifwed ■«       30       40       so        S5       te 

•nd  !«>. 

Poundi  per  ion  liowlb*.) 


Amac*  miMann  during  aUp.    ■    •    S         9       10       11        it       16 

Per  ceni  (or  («i  per  mi, 

Diulralrtil  pxlr. 0,4     9.\i     cj       0.6      0,7      0.$ 

i  TtnieuttUO)!  nim  or dtHertnoe  It  ilie  linailryiifiio/tnr  frtJr,'/rtljn/j/iaif,  In  ImI 
pnras:  in  thveStd  nl  ihc  brilxi  u  ■  whnlr  iin  lli"  lutn  11  a  mhole.  The  tgarra  ei> 
IW"n|rtiit  trade,  at  500,  K.ja.  11.45.  etpm  ulto  lh«  effideocf  of  iBe  brake*  upon  the 
*Uiau)»hote,  1'*  ptrttilifti  tf  Ikf  M*t  o-tifM  0/ Iht  tritia. 

t,  E>inl>  iW  p'Uti  nr  pn«ciuacr  by  thi>  /»-  cnl  tf  Ikt  lalai  nftlfH  f/  lit  train 
tm  Mji,-4  **-fl*^r  arrr^  nr  avrw  aaAflf4.  tmirndid.  9r  eiftdeJ  ft  ati.  The  quolienl  It 
0*  mai  emcfeniT  of  ihi  biak«  upon  Ifae  load  cariKd  by  the  brakr<!  whral<.  or  v^Km 
Ite  pctim  tbrm>f  vkkA  it  wu  inleniled  tn  icly  upon  in  pnipoTIlnninc  the  biakrs. 
'^  qvilinit  okll  alwari  lie  howvni  ihf  ntrrme  limiU  of  15.00  and  1  .•».  iiiually  be. 
■*ta  icD  and  14.00.  and  is  the  only  oik  by  >bicli  comparUoni  with  diRcnnl  lialoa 
M^  dillaiiwiT  ilMribued  bnica  tan  propeely  be  made. 

'^*— '    C«d.o<«U«U.,on.^^|  +  '?.-?/,-'j;^;/.r^-or[    , 

_j      .      1.1        .J    t  _j  Grade  of  reU/rfaiion  .._  , 

^^  p.  e.  of  ■».  of  train  on  "hieh  bnAm  acted  ' 

tnta  IB  ptt  etttt  of  wctcbi  on  vbkh  ihty  acted. 

B«  AMPLE), 
t.  Train  wHh  N  (75  per  tCMI  ti  vdeht  braked;   ao  milot  p«r  hour;   384  ft.  (3.S« 
MKiou),  dldaaca  run  1  (uda,  5a.S  ll.  ptr  iniU  <!.«  par  cant)  d««c«nduiG. 
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Avumed  a*«rai:t  i^wtc  of  rolline  friction,  m  above,  =  04.    Tbcn 
■4.»  irttiRi  lablir} 


X8t 


a  5-W>  +  l-OW  -  a4  =  3.6  •  0.7s  =  7,47. 


bf int  (he  pntniUE*  of  th«  nflidcnrr  nf  the  bralm  or  nta  e(  mi  •qitinlent  snile;  aif 
Crade  n(  7.4;  X  so  =  159.4  IIm.  pet  lon  rctardloc  (OKC  from  bnlui; 

1.  Train  9a  per  mil  braked ;  to  mile*  per  hour :  1014  (I.  lenph  of  nop;  pade.  j6t4 
(L  per  mile  (0.5  |<rr  (.tnl)  OKcniliiii:, 

Anumed  average  pade  u(  roilioj;  friction,  aa  abon.  ■  a8> 


lirflo  {Tiom  labM         *_  -  _i. 

— ^ ^ '^  ■»te-o.jo-o.8z  itji'totapB  1*;^ 

10^14 


I 


377.  The  MACNiruoe  of  any  force  is  exprcMcd  (in  Engtuh)  In  pmmdt 
or  some  multiple. 

Thk  wokk  don'k  (orwhlchbotbcenoranbedonel  bj- the  continued 
applicniion  of  any  force  U  expressed  in  /oat-paHHJs.  ijt.  by  ihe  t'tnx  In 
pounds  muhiplicd  by  the  distance  in  feet  through  ivtiicli  it  iirts  or  bas 
acted  or  can  »cl  A  Consolidation  locomottvu  has  a  tractive  force  of.  tuiy. 
3Oj00O  \h*.  The  work  done  bv  stuch  an  eii)iinr  in  running  a  mile  is 
20/XM  X  siSo  =  105.600.000  foot  •pounds.  A  horse-POWXR  i»  33.000- 
looi-poundx  per  minute.     If,  therefurr,  Hucb  ati  engine  ran  a  mite  in  4 

-    ioS.600.000     „     ,  ,,, 

minutea  Its  horse -power  is  ————--  =  8oohoi»e-|X>wer.  IlitrunaintK 

jj.000  X  4 

-         ,  ,      .     io;.6(».ooo     ,     . 

u>  5  minutes  it  is  exertinn  a  force  of  only  ■./—-"  -  =  640  iiorsc-power. 

If  a  tr.iin  at  a  certain  velocity  Iia-t  an  avcmye  resistance  of  10  pounds 
per  ton,  the  power  cnririiimefl  bv  it  will  be  lo  foot-pounds  per  ton  per 
foot,  or  $:.8oo  (ooi-pjuml*  per  ton  per  mile.  I(.  again,  the  resist.^ncc  of 
brakes  be  adder),  a^iviinini*  the  lot^l  pre&^urc  on  the  brake  blockt  10  be 
equil  to  half  the  weiKht  of  train  or  looo  lbs.  per  ton.  and  assuming  the 
CoefUcient  of  (riction  to  be  at  0.16  (it  is  in  re«iliiy  very  variable),  the  re- 
lardinf;  force  of  the  bnik«  will  be  lOoo  x  Oi  16  >  itio  lbs  per  ton.  and 
the  work  done  per  ton  by  the  brakes  Cin  (!i*sipating  energy)  will  be  ito 
foo<*poun<ls  per  foot  through  which  the  br.ikcs  act. 

378>  The  same  amount  of  energy  (in  exci^ss  of  all  retarding;  forces) 
communicated  from  any  source  to  any  body  moving  in  anv  direction 
will  cause  (hat  body  to  move  tkkoi;ch  space  with  tbc  same  velocity. 
The  DIRECTION  of  the  motion  may  vary.  The  vkijCRTI  v  of  raoiion  will 
not  vary,  and  will  always  be  eqoal  to  that  required  to  lift  the  body 
thronch  the  vrnical  licigbi  throiit;b  whlrh  the  body  would  have  to  fall 
Irecly  in  a  vacuum  to  acquire  that  velocity. 
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ft 


in.  From  the  above  it  ncc<-«sarily  rcaulu  that  it  !•  a  general  law  of 
mMKn  on  inclined  (ilunes 
Umi  i  body  descending 
liTclr  along  any  incline, 
■plir  or  irregular,  as 
AC.AD.AE.otAF.T\%. 

b.  ladcr  ibe  action  tA  

ibrftmevenkal  force,  OS  *  CO 

pwltjr,  will    be  moving  p>o.  ««- 

(hnugh  tfnce  at  any  point.  C.  D.  E,  of  /^.  which  Ilea  >l  the  same  veni- 
al diiuiice  below  A,  with  the  same  velocity  as  it  would  have  at  S  ii  it 
bd  hOen  vertically  through  .-Iff.  The  direction  of  motion  will  vary 
kmh  ta«e.  The  time  of  descending  lo  the  line  6i  will  also  vary  in 
achcaoe.  but  the  vrloctty  with  which  the  body  is  moving  throuRh  space 
U  K  {Wict  any  given  level  M  will  always  be  the  same,  hy  whatever  path 
il  lai  rtacbed  that  level,  and  always  that  "  due"  to  the  verlital  height  of 
Iht  plane  (less  the  lotts  by  friction).  thi«  being  the  nerc^s.ic)-  result  of 
ibe  Ita  ihai  th«  same  nun)l>cr  of  loot-poundt  of  work  have  been  com- 
mnicMcd  to  the  body  in  cither  case. 

no.  The  lime  ncciiptrd  in  the  descent.  If  it  be  a  regular  plane,  will 
h  crater  than  titat  *'  due"  to  the  vertical  (all  in  tlie  ratio  of  the  length 
•(ihe  jftaiK  to  its  bcishl.  II  it  be  a  curved  or  broken  surface,  the  time 
•IdexeiK  wilt  henr  no  siich  constant  mtiu  but  the  final  velocity  at  a 
thui  vertical  rfiMoncc  below  A  wilt  in  all  i^aies  be  ttie  same. 

Stt,  Cnnvcrtcly.  the  iiccelerating  or  retardinc  i^llcct  of  gravity  on 
»tji  incline,  anil  in  the  direction  thereof,  aa  on  a  railway  Kradc.  FiR.  fij. 
■ilos  than  the  weight  of  itic  body  in  the  same  ratio  as  the  height  ii^ 
dthe  plane  is  lew  Ihan  its  kngih 
«(,that  i*  to  say.  the  force  If, 
Tij.    6 J.    whicli     represents    the 

■eisbt  of  the  body  OaetinR  verti- 

tiDy  downward,  may  l>e  resolved 

-*a    rather  resolves    itself— into 

Uw  lmt:e/  actmg  parallel  with  the 

pline  aati  tendine  to  produce  mo- 

liundttwnti.andthcforce  IC—fal- 

•.iy»  less  than  If  l-acting  in  the 

direction  R.  perpend iculjir  to  the 

nil.  rtc  repr^^entinK  the  actual  prcSBUi*  of  the  wheel  thereon.     It  is  geo- 

Bctrieally  evident  from  Fig.  63  {on  account  cri  thcstmilarity  of  tmngles> 


/ii     V. 


'i 


KicH 
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that  ihe  force  /  (technically  known  a&  ihe  Kmdc  rcsbuncc.  alihouich 
dewrundiiig  ii  is  not  a  misUnce  but  xn  accelcutmi;  force)  bears  tlie  tame 
r<iiio  to  the  m-cii;hl  that  the  rise  in  any  distance  does  to  the  lcn[;tli  at, 
mfaturtii  on  ike  ilofu.  ami  not  h^riteitlally.  PtactiCall)'.  however,  on  any 
ordinary  railwii)- i(mdc  (he  horixomal  <iis(ancc^U  not  sensibly  diRcr- 
ent  from  the  length  meiuurcd  iilung  the  suriaoc  of  the  rails  ik.  and  hence 
il  is  customary  und  proper  to  a:iauine  6(  =  ae\  whence  we  have,  appnaxj- 


matcly. 


■i^^ff 


or.  if  we  let  the  horizontal  distance  bt  =  loo,  and  the  height  «*  =  r 
r-tte  of  fir^L^'c  or  rise  in  loo  (vticilicr  feet  or  other  hotiiontal  unit,  il  we 
use  the  same  for  boih  vertical  «nd  horixontat).  then  wc  have 


382.  1(,  in  this  equation,  we  let  If' =  1000  =  the  number  of  pounds  in 
4  ton,  we  have 


tlV4  It  WC      I 

bin    , 


or.  The  oraue  resistakce  in  LB!t.  pex  ton  =  rate  of  grade  per 
LENT  X  !o.  This  tulp  sliould  lie  meniorixed  by  every  railroad  engineer, 
preferably  i"  the  stili  simpler  form  :  "  Etate  of  grade  in  tenths  x  i-"  E.g. 
on  a  I  per  cent  or  i.o  gnde  the  grade  resistance  is  30  lbs.  per  ion ;  on  a 
0.4  grade.  8  lbs.  per  ion. 

I-'(it  Ihe  long  ton  of  2140  lbs.  h  Is  Only  necessary-  to  increase  the  re- 
sult by  II  per  cent.  The  rule  amounts  to  no  more  than  saying  that  il 
the  rale  of  grade  t>C  t)«<  the  resisiancc  per  tun  wilt  be  ,1,  ton.  which  ia 
30  Ihs. 

363-  The  trlllinK  Imparlance  of  the  error  in  assuminic  in  Fig  63.  that,  for 
«U  praciical  purpose*,  the  hypolhenuM  at  anti  tlie  base  ai  may  be  assumed 
eqnil.  when  computing  gt»Ae  rciiitancc.  Is  shown  by  Table  119. 

On  a  4  per  cent  crnde.  which  miy  be  contldomi  Ihe  utmost  limit  o(  «rdU 
■n»ry  pr*ctice.  the  error  in  (he  oomputeJ  re»iiiance  is  only  o.inot.  or  \nt  than 
one  tenth  ot  :  per  cent.  On  the  heaviest  gride  on  which  the  locomoiiie  baa 
ever  worked.  10  per  cent,  the  error  Is  only  one  hall  of  uoc  per  tent. 

The  error  can  lie  avoideil  tiy  tiibiiltuiinn  lor  the  actual  weicht.  I**,  Fig.  6j, 
Ihe  value  ol  the  component  Jf  at  rii<ht  anf;lei  to  the  plane:  but  for  any  cri^Je 
less  than  the  most  cilreme  this  is  unnereuary  trouble,  as  the  error,  what  tber« 
»  ol  il,  teisds  to  *sf  eiy  by  exaggerating  the  grade  resisunce. 


CHAP.  /X.—JtiSE  AX/>  t--At.t.—SFFECr  OP  FEioc/rr.    34r 


Tahle  119. 

Cm?uatitx  Lknutii  Pkk  Station  oi>  ioo  Ft.  (os  otiifx  Uxn)  or  VARimis 

OXAPLS,  MKA!ilHI-U  tli}*U<ISTAU.V  AMi  AUI.St;  TUB  %tavx. 

QMf  lb*  ibt  petcmUK*  oX  uDnsi  in  the  nimputcd  frade  naituaec  uiidtr  th«  rela 
J  *!  aorot  par,  3^ 


■mMka 

Lcngtb**  Slope 

(u  HerinouJ  Dhcuicc 

prraii.l 

(<cj»l  toa. 

i.m 

IOO.  DOS 

>,n> 

lou.OTo 

J.ttt 

100  04J 

Jto 

loo.oSo 

lou 

lou, |>S 

«.oo 

lou. (So 

7.W 

IQO.JJS 

I.M 

lOO.Jl-) 

froo 

100,404 

t»,oa 

IW.4V9 

Nort— Thi»  wble  likenlw  &ffontt 
a  ^uotl  o|>j)<>fiU(iLiy  (or  ic»linit  Ihc 
cuDVFnieni  rule  elicnhcTe  nxvta  (or 

Xilving    hghl     iinglol    liiangirs    o( 
sniuil  ullitudc.  VII  : 

/Jiff.  itltetiH  *rfi.  imd  bati  =  kl* 

■*■  iM-itt  iff.  9r  iatf  t*')icbev«r  t» 

knciniil- 

It  will  be  i<cn  10  be  coirMI  wjtii 
Iheie  Kiangtes  10  within  1  very  mU 
nute  percciiukjte. 


I 


3M.  The  ^rade  which  produces  a  longitodinnl  force  piecisciy  equiva- 
Iminpoonds  pcrlon  (or  any  other  iinil)  to  Ihc  "rollinj;  (rirtion"  of  ihe 
otutay  given  vclociiy  «  cnlicd  the  graiif  op  RKrosK  for  ihai  velocity, 
tWBg  ihai  grade  on  which,  if  a  car  or  train  were  ilcccniiinK,  the  acccl- 
rmoig  force  of  Kraviij*  would  juffi  balance  the  retistancc  to  motion, and 
koct  enable  it  to  o>ntinue  in  motion  forever  ut  the  mme  xpced.  rtcithrr 
piioir  nor  toains  velocity,  which  is  the  theoretical  c»mIition  of  al) 
fcnte  iTi  which  a  Riven  velocity  has  once  been  communicated,  accord- 
i^ii?  Ncwiun't  first  law  of  motioit. 

3t9>  As  the  fhctionni  resistance  per  ton  varies  with  either  the  veloc- 
■»of  the  length  of  train,  the  "grarteof  repose"  willalso  vary  with  cither; 
^  these  grades,  a*  determined  by  Table  tG6.  in  Chap.  Xlll.,  arc  giveit 
iiT^lr?  130.  iSo.  pp-  ii^-  5"9- 

3H.  The  term  "  gode  of  repose"  i*  ill-chosen,  and  originaied  in  the  mi*takei> 
Uwihal  ■  grade  which  was  heavy  enough  10  more  iliiin  rqani  the  r«3is(aiice  uf 
■Mna  when  ■  min  w:is  onre  movinit.  was  hcary  enough  to  start  a  train  from 
*tbu  of  rat  In  rutiiy.  a  K'xle  levrral  limef  heavier  11  itece»arv.  nn<l  thia 
Inier  trade  only  can  properly  be  called  j  "  i;raite  of  repoitc  "  But  the  ill- 
(keMnterm  i«  siill  the  common  one.  ax  Is  tikewUc.  uiihAppily.  the  erroneous 
Mm  \m  which  ii  originated.  Otherwise,  probably,  tb«rc  would  be  (ewer  stations 
N  Ualilog  grades. 
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3fl7.  Wlicii  a  railway  train  desceniling  a  t^r^de.  or  any  olhet  (ailing; 
body,  a  acted  upon  by  an  iiccelcraiing  force  which  remains  unifortn. — 
like  ihc  traction  of  a  loeomoilve  or  jjtavity.— in  oppOFiitiun  to  a  retarding 
force  which  incrcaan  with  the  velocity. — like  the  resistance  oJ  a  train. — 
the  velocity  ol  motion  will  cooiinne  to  increase  until  the  retarding  (o«re 
becomes  equal  to  t.'ic  accelerating,  and  thereafter  the  body  will  continue 
in  motion  indefinitely  at  a  uniform  velocity.  The  net  re»uUant  ot  all 
the  fores  actins  is  then  xcro.  and  conMqucnily  the  body  continues 
indertnitcly  in  motion  at  iin  unvarying  vclocny,  as  theory  requires. 

388.  This  i.i.iicmcnt  should  be  read  over  until  its  meaning  is  fully 
grajiped.  A  railway  train  in  motion  at  a  uniform  velocity  is  acted  on  In 
one  sense  by  two  forces,  but  in  a  truer  lensc  by  no  force.  The  frictJonal 
and  other  miHtjaces  and  Uie  traction  o(  the  locomotive  act  upon  and 
destroy  each  other  within  the  body,  without  either  acting  upon  the  body 
itself,  except  to  produce  internal  stress.  Such  a  body  i*  Iberelore  one  erf 
iMc  nearest  examples  In  praaical  mechanics  of  Newton's  abstract  coti' 
ception  of  a  body  movit^  on  indefinitely  in  viuuo  from  original  impulse, 
without  gain  or  loss  of  cocfgy.  as  do  the  heavenly  bodies. 

389.  Under  such  conditions  akv  new  POKCK—wheiher  accelerating 
or  retarding,  like  a  change  in  tbc  rate  ol  g>;i(tc  or  in  the  tractive  force  of 
the  locomotive— will  .ict  upon  the  l>oily  prcciiely  a.\  if  no  other  forces 
existed  to  act  upon  it ;  i.e.,  THE  whole  of  the  new  force,  undiminished 
by  fricttona]  or  other  Iosks,  will  act  upon  the  body  to  vary  iis  velocity, 
and  will  vary  it  precisely  as  theory  requires.  This  (act  bears  with  it  Im- 
portant consequences. 

To  iliwMraie  Ihi*  Jnlerconverlibillly  of  work  and  Tttottly :  Let  as  astMine 
any  body,  as  a  car,  wei^inc  aaooo  pounds  to  have  (alien  (tedy  li.c,  wiiboui, 
or  In  rxces*  at,  the  loss  by  friction)  tb.oi  fccL  It  woold  ihcn  bsvc  iq,ooo  X 
i6.o3  K  ysi.tioa  [iioi-pouncJs  o(  work  tiofed  up  in  it,  and  wcmld  be  movinc 
thtough  spMc  with  the  precise  velodly  of  ]a.i6  feet  per  sccood  or  about  II 
oniles  pet  hour. 

II.  Intteac]  o(  baring  fallen  venkally,  eilhef  Riarlty.  or  ilie  teoslon  on  tli* 
draw-bar.  or  any  oilin  fcitee,  had  been  com mun lest Ing  (o  thai  same  car  body 
eonUouously  a  force  of  to  pounds  (or  one   pound  per  too  in  cxcesa  ol  all 


33l.(0O 


=  16,069  , 


lesisunec).  Ibe  tar  woukl  haTc  lo  nwrc  through  a  distance  of 
feci  to  store  up  wilbin  iis«lf  ;ii.boo<ool  pounds,  and  henec  to  acquire  ibc  < 
vclovily  that  ii  acquire*  when  (aliins  freely  through  space,  or.  when  Kted  upOM 
(in  any  direction)  by  a  force  equal  to  U*  wetBki.  In  t<>  oS  ll. 

390.  This  velocity  once  ■ccinired.  Dm  tarrcsponding  amount  of  energy  stored 
in  the  car  may  be  expended  in  any  one  ot  the  following  ways: 

Fim.  ll  may  (ilicoieUcally)  by  proper  mecbanleal  appliances  be  mada  to  litt 
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ikMy  venkalljr  Ihtongh  «  height  ol  t6.«ft  (««i.  which  It  will  do  In  one  «Mond 
«( limt,  and  bring  li  to  a  mate  of  ml. 

39U  SntttJI<i.   It  may  be  iiiacle  to  lift  the  body  U|i  in  IncliDcd  plane  A,  A', 
*  .A',  f  if-  m.  ■•  on  a  t;rade  of  any  nte,  againtt  the  action  of  gravity.     In 


Fro.  64. 
iiOM,  If  there  be  no  other  rensiing  force  !jiii  gravity,  the  body  will  rise 
i^*i(h  Ibe  Mme  vertical  height  in  nil  caiei  bofoio  coming  to  rest.  The  dti- 
■UKtUil  uid  the  lidK  occupitil  in  the  ascetit  will  alone  vary.  The  vertical 
tWndoa  auTinounied  will  not  vary-  Dtit  aa  there  is  a  tctisting  force  (rollinn 
y^UM)  which  is  to  much  per  foot  run,  these  candltiont  do  not  precisely  obtain 
i«FrKti<e. 

391.  TIdrity.  It  may  be  nuide  to  propel  the  twdy  on  a  level  >)[aiQsi  th« 
MMIUKC  o(  azte  and  rolling  (ricllon.  If  the  natural  resitlaitte  10  motion  ba 
T  It),  ptr  ton,  or  ;o  tbi.  (or  the  cat.  i((  nccumulaied  energy  o(  jai,6oo  fool- 

9Ma£i nil.  mntinao  il  in  tnoiion  lor  «  distance  ol  -- — '■ =  451)4  feet  before  it 

("w*  h,  k  sute  ol  re«t- 

TUt  "roHinc  friction."  M  called,  of  7  or  a  pounds  per  inn  of  vxo  pounds  ic 
fWoety  rquivalenl  in  ii«  mechanical  effects  to  a  %nAe  rising  7  or  n  feet  In 
*».or  to  the  "frtide  of  repotc"  before  explained  (par,  384). 

h  feOows,  iherelore.  that  .iny  ipvrn  Rtwdr  oihrr  ilian  a  level  is  equivalent  in 
*!*  Wthanicsl  rllcci  apuo  the  train,  il  it  be  an  asceodiiiR  giade.  to  the  actual 
*><'•(  gnie/Jm  tbe  grade  of  repoie:  and  if  il  be  a  descending  grade,  10  th* 
'^til  rate  Hii«t»j  the  grade  ol  repote. 

Vn,  ftHrfi/r.  The  accuinulHlcd  enerjiy  of  the  car  may  be  sooner  enhausted 
**tiUmg  in  the  action  ol  brakes  in  addition  to  the  retitlances  of  gravity  and 
Wnj  friction.  If  theie  be  bTake-hlor.ki  on  hxll  ihe  wheels  only  (which  has 
■tlreceatty  been  the  general  cusioin  for  freigM  service),  and  ihc  piessure  on 
iWa  be  Cqoal  to  Ihe  load  on  the  wheel,  which  is  somewhat  more  than  that 
*tet  tbe  ordinary  brake  leverage  is  intended  to  give  (modern  experiments 
Hfitatc  that  not  more  than  two  thirds  of  the  load  on  the  wheeU  is  a  sa'« 
fnturr).  and  il  ilie  cocflkienl  of  (rlclioii  between  brake  and  wh^cl  be  {  which 
K  aboQt  ao  average  (it  varies  in  reality  from  i  to  i)  then  the  rclaidjng  foicei 
I  Ibe  car  will  be— 


Brakes,  »-?;?^X.  XI 


=  1,667  lbs. 


Normal  rolling  friction  at  above  =      70 
Sctiuance  o(  grade  i(  on  a  level  =       o 


Toial  resistance*  00  a  level  —  1,737  lb*,  or  173.7  U>*-  P** 
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(on  of  MOO  lb*.     Thr  car 


grade  in  a  dUiancc  ol 


and  ■■ 


=  13J4  leet,  aa  ih«  distance  in  which  ihe  inio  would  come 


.  con*«qu«niI]r.  com*  lo  a  tiata  «(  mt  on  a  lorvi 

;ai.6oof( -Ibi.        .     ,  .     ^    > 
r — —  =  1*5   iccl,  »upp04lns  ibe  brake*  to  be 

1737  llis. 

inttanlijr  applied  and  itilh  theit  lull  forte,  noilber  «(  which  b  T«rf  ttkctj  t«  be 
■he  case. 

II  lh«  car  be  on  afi  atccndlng  or  deiccndlnK  Siade  tntlend  ol  on  a  l«v*l  ihr 
-(-or  —  resislance  o'  <h«  Rrado  It  to  tic  includnl  amoni;  the  rcsisiHoce*.     If  ibp 

or  tiood  on  a  dctcendlnK  grade  ol    ■'-—    —  i.69  per  cent,  or  4;^  (t.  per  mite.  I! 

7000 

would  continue  in  motion  forever  at  Ihe  aame  vetoctiy  eren  with  brake*  )«t. 

Thit  hni  rcpoicdiy  been  proven  practically  on  h  and  10  per  cem  gradei. 

It  (heic  were  10  oit  in  tlie  train,  moving  at  the  vclocily  ol  31.  lb  le«(  per 

second,  and  only  one  a(  them.  a»  above,  had  brakes  Ml,  (hen  we  should  bare- 
Brake  reslarance,  1,66;  Ibi. 
Rolling  tri<(ion  70  X  'o,  T»    " 

To(al  mlstances  on  a  level.  3,367  Iba. 
I  3,>i6.oooft,-lbi.  _ 
t.jbj  lb». 
\o  a  iiate  ol  rest.* 

394.  fi/iA/y.  The  accumuUicd  cnrruy  of  the  car  may  be  made  to  act 

jointly  with  iheluUpawer  of  theloeo' 
motive  to  <arry  it  over  a  particuUrtjr 
difficult  Kradieni-  II  the  full  power 
ol  the  locomotive  1*  just  suflleietit  to 
carry  the  cm  or  irtm  over  any  Kiadc 
o(  .r  per  cent.  FiRS,  6j  (o  6;.  the  en 
erKy  ol  momentum  will  earry  the  ear 
or  train  upa  Rrade  nhich  rites  ia  all 
i&ol  leet  higher:  wheiher  ihai  rise 
be  by  a  uniform  excess  of  rate,  sa  in  Fig.  tt$.  or  In  a  local  excess  a(  cefrsin 
points,  a*  10  Figs.  M  and  r>7. 

In  this  case  (be  office  of  the  locomotive  is  timplr  lo  neuiraliie  all  grades 
and  roltini  resistances  due  (o  (he  it  per  cent  grade.  All  eittane»us  forces  (bus 
neutraliirng  and  desiroylnK  each  other,  the  t-ti  viva  of  Ihe  body  lids  it  Ihrough 
(he  additional  rise  of  16.0S  feel,  precisely  a«,  and  to  the  lull  eiient  (hal.  ttteory 
requires;  but  If  the  power  ul  (he  locomotive  is  romplelely  u>ed  up  on  (he  a  per 


COII^^^ 

ioeef     1 


Pio.a5. 


*  This  calculation  ii  nol  quite  rornrt.  beoiuicths  wheels,  in  addition  10  their  linrar 
velocity  in  nimmon  w'M\  thr  rtma&ader  of  ths  car,  htt.fr  an  enercK  of  nriation  whkh  hfliK 
tame  b  ptr  cent  to  the  tolal  cu  viiM  a(  Iht  c*i,  as  nottd  in  pat.  yn  tt  itf.  Nor  ihauld 
tompulsUnns  ol  ihtt  kind  be  ordinuily  made  as  aboiv.  but  by  the  "  vetodty'hesds'* 
given  la  Table  iiS,  which  include  the  rotative  energy  ol  ih«  nheels. 
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^ 


FicM. 


MKipadr,  iIm  train  will  come  to  a  state  ol  ran  »(  the  tamm'ii.  wlikli  U  t6,oS 
iMUlber.  In  spite  of  the  exertion  of  ibe  full  power  of  the  locomotive  and  the 
•U«ltl«  vlorcd  encrity  jointly.  Grades  so  operated  are  <»lled  MOMGNri'M 
auen. 


o  .--1 

Pio.  «;. 

39fti  Sittkly.  The  accumulated  enetgy  in  tlie  car  may.  in  theory,  be  made 
by  pKfet  iDochanical  appliancet  to  comprett  a  tprirg.  ilrlvc  a  pile,  ftr  <lo  any 
•thw  kind  oJ  irork  whaiiocVFr  capable  o(  measufoment  in  foot  pouada.  ](  a 
tpritg  rc<|uited  a  force  of  loono  poundt  to  comprcii  il  one  inch  and  lis 
r«MMMC*  conhtiMil  uniform,  ibcn  the  coctcy  of  the  cat  body  would  comprcM 

**  •(■'•I  Trtijw,  ~  "  '*  inchca.    A  perfectly  elastic  body,  to  vfliich  a  sprinjE 

ap(ii«iinuie>,  nuuid  ininie<]>>ietv  sire  back  tbii  enetsy  to  the  car  and  tepcl  It 
'ttbf^uai  relocity.  A  petlecdr  i[>ela«(ic  t>ocly  tuch  aa  a  liank  of  faith,  nhicb 
'•^iwed  a  preanurp  o(  lo.ooo  pouoda  to  «n»b!e  a  body  of  the  aiae  of  the  C4r  to 
Pvneuaie  rt  one  inch,  would  (if  the  reiiiiance  coniinued  uniloim)  be  likewise 
P*«iiaied  3 J,  16  inches,  and  voutd  not  itpel  the  body.  The  energy  would  be 
***n'tTi«d  into  heat. 

A  pile  which  oppoied  a  atatlc  resistance  to  motion  of  100.000  pounds  would 

'*•  tbrory  be  driven       '  ■■■  =  3. 31  (eel.  or  jji  aimiUr  pile*  would  be  drivta 

^01  Vtv.  tf  ihe  re«»(ancc  10  modoii  were  UDllorni.  which  it  it  not. 

396.  A  rod  of  iron  of  one  tquare  inch  aeciion,  which  nculd  require  a  load 
^  96.000  000  pounds  ID  extend  It  to  double  ii4  IrnjEth  If  iia  retiManco  to 
*«i*n«loo  coailoued  uniform, — i.e.,  whose  modului  ef  riaitifily  was  s6, 000, 000, 
"MKiUd  iBftlaia  a  force  of  only  Mme  5o.ocx>  pounils  without  rupture,  and  say 
*S,aM>  poanda  without  producinjt  a  permanent  irl.  Therefore,  it  ihoae  cllccta 
're  to  be  avoided,  the  aireat  on  the  rod  must  at  no  lime  exceed  thai  limit;  and 
liacc  if  ibc  c»r  It  to  be  atopped  by  (he  rod,  311,600  foot-poundt  are  to  be 
atoorbed.  by  reaction  against  a  force  beRinninK  at  tero  (since  the  aiighteal 
iacet  will  extend  tbe  bar  somewhat)  and  gradualiy  Incmaing  to  so.ooooe  >s.ooO 
poondt  respctiliely,  we  have 

^^^^^  =  .,8.6^  feet 

•a  the  Iciifth  whidi  the  rod  would  haT«  to  tiieich  10  aroid  the  rupture,  and 

-^L5«_  =  .s,,8teet 
SI.D00  f  1 


n 
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A»  tli«  Uiigth  which  the  rod  would  have  14  itrelch  to  avoid  exc««dliif  the  eluilc 
limit.     But  (usumlng  unilormUy  of  elasiicii):)  the  rod  can  ooly  ttretch  in  anjr 

case  the part  o(  iit  I 

lO.OUU.OUU 

without  pcnnaitenl  sec. 

Therefofc,  to  avoid  Iheie  clIecK  and  yet  enable  the  b«r  to  d«  (or  dm  up)  the 
rcquiiile  amount  o(  work  in  woppinc  the  car,  li  would  have  to  be 


length  |~ — \  without  rupture,  and  onljrball  tbat^H 

e 

I 


laS.&i  X  1300  =  lA?.!}:  (1.  long  to  avoid  the  rupture,  and 
3S7.3S  X  3600=  bCS.913  (c.  long  to  avoid  permanent  let; — 

wfalchare  rather  lone  b>r«'  The  otnsequenee*  to  the  car  bodfaltowe  will  am 
<ian(ider.  but  the  example  will  nrrve  loillutrate  thelawtof  Ibc  nuituai  converli 
bilily  of  energy  of  work,  and  velocity. 


J 


397.  From  this  ready  intertronverlJbtlily  of  velocity  and  worh 
results  the  iiiidoubted  fact — too  little  considered  by  engineers— 
lliitt  triiin  rcsisUncc,  in  praccicat  operuUon  (i.e.,  »i  meiisured  by 
llic  tension  on  the  drawlmr  of  llie  locomotive,  or  gmphically 
reciirtled  by  »  dynamomeici )  bears  no  very  close  and  apparent 
relationship  to  wti»t  may  be  called  the  dead  resistance,  as  deicr-_^ 
mined  by  adding  tlic  nominal  grade  resistance  to  a  ccrtaii^| 
roUing  fnciion.  without  paying  any  regard  10  ilie  effect  of 
dilTerences  of  velocity.  This  is  well  understood  by  all  ihos 
who  have  had  occasion  to  deal  with  dynamometer  experiments 
and  is  the  greatest  ditRctilty  in  deducing  valuable  results  fror 
siK-li  expcrimenis.  U  is  also  well  understood  in  a  pmclical  waj 
by  locomotive  engineers,  who  appreciate  the  great  advantage  oik 
a  "  run  at  a  bill  "  and  the  disadvanlai^c  of  a  stop  on  it. 

398.  Now  the  object  before  the  engineer  in  laying  out  a  rail< 
way  is,  obviously,  to  lay  out  his  line  so  that  the  oeman[>  ok 
THE  LOCOMOTIVE,  and  not  the  absolute  grqdc  resistance  (which 
latter  is  in  itself  a  thing  of  no  moment),  shall  be  as  nearly  uni- 
form its  i>ossible,  under  the  conditions  which  actually  exist  mi 
the  daily  routine  of  operation.  If,  at  a  certain  point,  the  veloc-] 
ity  of  the  trains  has  certainly  to  be  increased,  in  addition  t«' 
overcoming  the  normal  grade  and  rolling  resistances,  the  gradi- 
ent is  in  effect  increased  at  that  point.  If  at  a  certain  other 
point  velocity  can  safely  be  acquired  before  reaching  it  and  then 
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surrendered,  the  grades  are  in  effect  reduced-  The  virtijal  or 
equivaleal  profile,  including  these  etiects  ot  velocity,  is  what  the 
engineer  sitould  study,  and  sliDuld  consider  as  the  true  profile 
<A  the  line  for  operating  purposes-,  a>  distinguished  (rum  the 
nominiil  grades  shown  by  the  levt-Is  und  the  plotted  profiles. 

3».  The  two  are  widely  different  even  in  freight  service, 
and  much  mere  so  in  passenger  service.  Thu»,  when  a  irain 
starts  out  from  a  station  it  has  to  acquire  a  certain  velocity  as 
speedily  as  possible — say  15,  jo,  or  40  miles  per  hour;  giving 
which  velocity  is  mechanically  equivalent  to  lifting  (he  train 
vertically  (see  Table  itS)  7.99,  14.10,  or  56.80  Ic-el.  This  rise, 
divided  by  the  distance  in  which  the  velocity  \%  or  must  \>e  at* 
Uiined,  gives  a  grade  which  is  in  vlTt^ct  an  addition  to  the  octtial 
grade  Thus,  \i  there  he  a  station  at  A,  Fig.  68,  on  a  nominally 
level  grade,  and  it  be  necessary  to  acquire  a  velocity  of  31.3 
milrs  per  hour  (iieiiig  nearly  ilie  "  vetodty-head,"  as  |>er 
Tabic  liS.  for  16.08  feel),  and  it  be  neccs«;try  to  acquire  that 
velocity   in  at    roost   1000  feet,  the   "virtual"   grade  is   that 

shown  by  the  solid  line  in  F'ig.  68.  or  — '—  ■  =  .804  (>er  ceoL 

If  the  train  then  siriiccs  a  down  grade,  no  change  la  the 
Atrain  upon  the  draw-bar  necessarily  takes  place,  nor  probably 
irilt  take  pLice,  if  the  grade  t>c  short 
-  the  speed  high.  More  probably, 
the  same  steam -power  and  ten- 
Mon  on  th<;draw-l>ur  witi  he  contin*  >  ■ 
unusly  exerted,  and  the  exee&s  of 
power  over  that  consumed  by  the 
resistances  will  be  stored  up  in  the  train  as  velocity,  to  be 
surrendered  in  p«rt  on  the  next  up  grade;  and  so  on  indefi- 
nitely. 

In  fast  passenger  service,  with  a  sufficiently  good  track  and 
alignment  10  admit  of  high  speed,  the  amount  of  energ>'  required 
tu  cause  even  slight  modifications  of  $pced  between  stations  is 
%o  threat  (hut  the  effect  of  undulations  of  gradients,  even  of  coa- 
itMleraljle  size,  is  almost  wholly  eliminated. 


Fic  a. 
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400.  Tliu*.  t*{|{.  69  U  »n  ex- 

aniplr  ItDfij  ucIujI  (>r:iclke  of  » 
very  liad  uiidulHtory  profile  ((or 
ItciKlit  st-rvice^  which  noi  only 
muy  be.  but  ucTually  ia.  ofieratcd 
liy  vxprvss  ^iscngcr  trains  aIiiioai^_ 
dM  a  level  giadc.  ^| 

To  determine  in  practice  1wm» 
velocity  dflcctE  (he  opemtMin  of 
ttilAorflnyoihcr  Klmilar  piofile  >OiJ 
apmblemnf  iltcsimpkslpOMibld 
chafucier.  Wc  require  nothing 
\o  ai<l  u*  but  Tatik  118.  Tliiu. 
lei  UK  KupfKise  iliul  ui)  exprcs* 
pdiif«nKi;r  train  uppioaches  iIk- 
poini  A.  l-'iif.  l>9.  un  It  nciuiilly 
diirs,  lit  ii  velocity  ol  ilb»ut  ^ 
niilea  per  hour,  the  point  being 
siiuatcd  at  the  Inotofa  lonu  gen- 
tle incline.  This  velocity  being 
Kivcn.  in  order  to  run  without  a 
«top  to  the  pnint  It.  a  dixtiincc  ol 
abnut  rltvcii  milM.  no  .'mrher 
tiurrlen  'n.  \.i\'\  upon  tlie  liHonio- 
tive  ilMn  to  [urnista  the  power 
which  IK  iicceisury  to  keep  llie 
train  niavinfi  on  ihc •■equivalent" 
maximtim  Kraite.  wliicli  in  lhi» 
riiite  M  a  dead  letel.  detipiie  tlic 
fiict  that  tlic  pt'ot'ile  maximum  1» 
I  i>er  cent  or  53.8  ft.  per  mile. 

The  proccs*.  ol  determining  in 
advance  wheihcr  it  will  l)e  possi- 
bte  to  operuic  this  undulntinK 
crndc  as  a  level  |(riulient  in  this 
toanner.andnh^ii  the  Huduatious 
of  velocity  must  be  to  do  it.  is  «» 
follows : 

401.  The  tntin  at  ihe  point 
A,  moving  (by  assumption)  St  50- 
miles  per  hour,  has  sufficient  vU- 
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MiKir  "velocitr-head"  (Tabic  itS)  to  Itft  it  through  887;  feet  v«ni- 
aflf  before  coining  to  a  xute  of  rest.  In  running  to  b.  it  makes  » 
n>c<if  I P' So  =  JO  feet,  and  jl  the  engine  is  to  do  only  the  work  due  10 
■  Icvtl  griide  all  Uie  work  of  lifting  the  train  through  this  ^  feci  mwA 
bedonc  horn  the  cner|[y  stored  a.i  velocity,  nnd  there  will  coiisiequently 
br  Itft  in  the  train,  on  reaching  b.  only  88.7;  —  jo  =  38.75  vertical  feet  of 
'4m1"  which  correwponds  fTable  1181  I033  -f  miles  per  hour.  The  par- 
tKnIir  giade,  an<l  hence  ttte  horizontal  ditiaiicc.  between  A  and  h  mukcs 
MiUllerencc.  because  the  enyirie.  if  U  is  lu  upcrJie  the  grade  as  a  level. 
lumLihet  the  pr>wer  to  uvcrco«DC  the  f i  ictioiial  re»istanees  on  a  level,  and 
M'Riore;  and  these  alone  are  affected  by  the  lioniniiitul  dist.inces. 

From  J  tor  the  train  deiscends  }0  feet.  Therefore,  the  engint.-  being 
((TtnHil  to  continuously  exert  the  same  amount  of  force  to  ovcicome 
the  (nciirmal  resistances,  all  the  addition-il  accelerating  force  due  to  ilie 
dnoothng  grudc  will  be  communicatrd  ii>  the  train  in  the  form  of  ve- 
'"'ly.  and  at  the  foot  of  the  grade  at  c,  the  tr.iin  will  be  moving  with 
Ur  «)i>ciiy  due  to  38.75  +  30=  6S.75  vcnical  led.  which  (Table  iiBj  is 
Unites  per  hour. 

From  f  10  1^  there  is  a  vertical  rise  of  so  feet,  and  consequently  the 
(nln  will  be  moving  at  d  at  the  speed  due  to  68.7$  -  so  =  48.75  'eet,  or 
n'able  iiS)  37  jf  miles  per  boar. 

^Oli  So  the  undulations  of  speed  continue,  as  shown  by  fiKurca  and 
'fie  doited  diagram,  until  on  reaclting  the  (loint  /?,  which  is  neither  higher 
i™"  lower  than  the  initial  point  .-I.  the  train  i*  (mind  to  be  moving  with 
"ic  same  velocity  as  at  o.  or  jo  miles  per  hour.  Whether  this  will  be  the 
<weat  any  point  we  can  determine  at  once,  without  tracing  up  the  inters 
"wdiate  velocit.i-s,  simply  from  lift  relative  level  cumparrd  with  A. 

TI1U1.  the  highest  pfiint  on  the  stretch  i*  at  eleviition  14a  or  60  feet 
'^'ove /f .  The  train  lierc,  conscquenily.  will  have  rmlv  ilie  velocity  due 
'"**7S  — 6t>=  l8,7S  vcrtieal  (eel,  or  nearly  38}  miles  per  hour.  The 
l"i««  point  is  the  point  n.  which  is  ?» feet  hclow  A.  and  ihc  velocity 
U  Hut  point  will  consef]uently  be  th.it  due  to  88.75  +  70  =  1 58,75  vertical 
*«.  or  66.g  miles  per  hour. 

403.  Mow  if  we  had  a  dynamfimcter  record  of  the  tension  on  the 
d'ls.lnr  during  such  a  run  as  thi.s  (which  the  wriicr  has  m»dc  many 
lisrs  o»-cr  that  identic:U  piece  of  track  at  appr-iximately  the  iii-iumed  ve- 
locUiesj  we  siioutd  find  It  absolutely  uniform  jind  unvarying,  without  iiny 
appreciable  trace  or  evidence  in  the  recorded  simin*  that  there  were  ^ay 
undulations  m  grade  or  deviations  from  a  perfect  level  on  the  stretch 
passed  over.     If  wc  were  to  stand  and  watch  any  coupling  of  the  train 
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wc  should  be  l«d  \o  tiie  same  conclusion.  Assuming  the  vertical  cune*' 
conncclin';  tlic  k"^*'"  '<>  \\mk  been  properly  pm  in.  ilicre  irowW  be  no 
"sbck"  at  any  time,  nor  crowding  uE  one  car  upon  anotlicr ;  but.  o«  tli« 
eontran',  there  noulri  be  a  continuous  and  subsianlially  uniform  tension 
oil  every  draw- bar.  whether  going  up  hill  or  down. and  (he  moiioo  of  tba 
train  would  be  as  steady  as  if  the  grade  were  in  fact  Icvel.asto  all  intents 
and  purposes  it  is— at  'MIAT  vsujcity.  At  slower  velocities,  or  with 
Intervening  stops,  or  with  very  high  summiu,  the  conditions  are  widely 
diHcrrnl. 

404.  To  determine  the  effect  of  all  these  and  similnr  facts  in  advsnce 
for  iiny  pii^ce  of  iraclt  and  any  nwumed  speeds,  we  ha^'c  only  toconstmci. 
with  the  avtisiancc  of  Table  1 18.  wliat  may  be  termed  tbc  equivalent  or 
VIK1  UAi.  FRoFiLK,  which  IS  the  aciuul  prolile  so  modified  as  to  incladQ 
these  ellccta  of  pmbablc  or  admissible  varmtions  of  velocity.  Thus  at  A, 
Fig.  69  or  70,  moving  at  50  miles  per  hour,  the  train  b  in  the  same  con 

i.'^.     -  -  .  ■■>...  1  . 

iMdcHi  mechanically,  ns  respects  demands  upon  the  motiw-^jower.  ail 
wVre  at  /)'.  Fie.  "<^  88,75  'ect  higher,  movint;  at  0+  miles  per  hour.  In 
eitltcr  cii-ie  li  would  arrive  at  the  point  ^,  on  a  level  witti  A',  ni  a  velocitf 
0>.  0+  mile*  per  hour.  As,  however,  it  hai  only  to  rise  50  feet  to  t.  It 
will,  on  arriving  .it  S.  still  retain  a  velocity  which  will  lift  it  through 
38.75  vertical  (cet,  and  consequently  the  point  for  the  equivalent  profile 
(sat  ^  38.7s  feet  above  t.  To  h.ive  the  i-quiv-ilcnt  pr-  "^Ir  continue  a  level 
line.  Its  altiiitde  above  f  at  <^  must  be  6S.7;.  and  the  train.  consequentt]t^H 
must  be  moving  at  i*  at  44  miles  per  hour.  As  this  i»  nn  admissible  pasl^l 
eenger  velocity,  to  operate  the  line  ae  ia  ^  virtual  level  at  paiscngcr 
speed  Is  not  impo<»iblc.  ^_ 

405.  If.  at  the  point  r.  it  were  necessary  to  slow  up  to  a  velocity,  ^ay^l 
of  3a  miips  per  hour,  to  pats  throuch  a  town  or  for  sharp  eurvitture.  o^^ 
any  other  reason,  this  level  virtual   prolile  could  not   be  niamtalned. 
Wliat  the  r4)uivalent  profile  would  aciu.iUy  be  equivjilent  to.  must  be 
determined  by  tiiyiog  ofl  above  c  the  vertical  altitude  due  to  a  vek 
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«f»  Biles  perhour.  or  14.30  (eel.  Wc  then  find  that  ibe  c<iuivalcnt 
podle  becomes  a  tliarp  descent  to  e, — requiriag  the  excessive  use  of 
hakei,— and  an  equally  shjrp  ascent  to  </':  thus  showing  that  it  is 
foctinlly  impoMible  to  resume  the  uriginaJ  velocity  at  ti. 

4W>i  To  dcicftnine  whHt  velocity  tve  tiiik^ht  obtain  Ht  <t:  Determine 
tij  ccapuisiion.  or  Irani  cxpciience  elscuhcrc.  what  is  the  maximum 

|l»4e.  p.   Fig.    71,  up   which    tlie  —"x 'J^P 

Id  power  of  the  engine  could  keep  I  ~^i 

liw  inia  moving  at  30  miles  per 
Iwur,  vbich  will  be  a  pretty  still 
pide-  The  dilicrence,  d,{".  Fig.  71. 
bnaten  the  elevation  uhith  the 
Ojiti  might  attain  on  tuch  grade  '^"^  "■ 

aid  iiut  which  it  actually  has  to  attain  at  d  will,  if  the  engine  does  so 
Mm  Its  lull  power  b«i«ecn  *■  and  (/.  be  communicated  to  the  train  in 
Uxistm  oj  velocity,  and  <l  will  be  moving  at  >/ with  the  velocity  due  to 
H»  +  rtW"  (eel.  H  ihc  equivalent  grade  were  i  per  cent,  or  105.*  feet 
ptf  oile.  instead  of  the  actual  gnide  of  o.>  per  cent  m-Ie,  the  value  of  AT' 
■Mid  be  30  feel,  aiid  the  train  would  be  muvitig  at  d  niih  Ilic  velocity 
*•*«>  14.10+30  -  44-M  feet  =  JS-J  miles  per  hour.  Tite  point  at  which 
<l  »ill  be  mechanically  possible  for  ilic  train  to  entirely  recover  from  the 
tbtt  cA  a  check  or  stop  at  r  m^y  be  dciermined  with  equal  simplicity 
ta»u«ing  that  the  train  resistance  d(d  not.  as  it  would,  increase  with 
ifMif)  bv  prolorifting  the  1  per  cent  equivalent  grade  fd"  until  it  inter- 
■e^ts  ti^  the  level  cquivuleni  grade  for  the  run  without  a  Mop,  At  that 
paint  the  iraai«n  of  the  engine  may  be  reduced  to  thni  due  to  a  level 
V*At  and  ihe  run  continued  as  before.  a%  shown  in  Fi^.  69. 

407.  tn  this  simple  manner.  It  will  be  evident,  an  equivalent 

fro^lc^which   (or  all  operntinc    purposes    is    THE  profile,  and 

■hich  is  consequently  the  only  one  which  the  engineer  should 

Wejider  in  layini;  oui  the  line — may  he  conMructcd  almost  hjr 

>«pectton,  assisted  bv  Tabic  iiS.  for  any  grade  or  section  of  line 

whaip^er.  and  for  any  speed  or  variations  of   speed  whatever. 

Such  an  equivalent  profile,  if  constructed  for  high-^peed  trains, 

rill  hear  little  or  no  reseiilblanCG  to  the  actual  profile:  and  even 

at  low  freight  speeds  it  will  he  very  seriously  modified,  and  widely 

diScreni  in  appearance  from  the  actual  profile.     At  points  where 

a  Slop  or  a  slackening  of  speed  occiirt  the  equivalent  grade  may 

be  Tcry  much  higher  than  the  actual.     At  other  points  where 
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considerable  velocity  at  the  fool  of  grades  is  probable  and 

missible  ii  will  be  very  much  lower. 

In  only  one  reipcct  i«  such  b  profile 
liable  tu  be  deceptive.  The  profile  it- 
self dcmanils  no  allowances,  but  ilie 
hauling  power  of  an  engine  tb  niaiei  ially 
greater  in  muking  a  start  from  what  it 
i»  ut  speeds  ubove  to  or  15  mttes  per 
hour,  at  which  latter  speeds  or  higher 
it  is  not  possible  ordiiiaiily  to  uiihze 
the  riill  adhesion  of  the  lucnmotive,  for 
.  S  •{  reasons  given  in  Chapter  Xl.iind  XIU. 
'  Therefore  a  higher  I'lriiial  grade  ai 
stopping  points  only  is  not  necessaiily 
a  Itmiiing  gradient.  h 

408.  FiK-  71  is  a  representation  of  a  vlr^ 
tual  9(1(1  uctuid  prol^le.  constmacd  in  the 
above  manner,  lor  an  assumed  maximum 
freight  speed  of  J5  miles  per  hour.  IVe 
luve  only  to  liikc  each  governing  point  in 
succession  :  determine  for  each  what  isilie 
[  actual,  probable,  necessary,  or  safe  velocity 
.  *■  at  thai  poini ;  lay  off  vertically  »br>vc  it  ibe 
g  i  venlcal  fret  to  whiirli  this  vclorhv  is  equiva- 
lent, as  given  in  Table  118;  .-ind  onncci  the 
pQinis  thus  fixed  by  >i|iht  line*.  This  civr-s 
the  equivalent  and  for  ull  operatinc  purptnes 
the  ac^tual  profilu.  except  that  the  varying 
iniitt  resistance  at  various  spn-ds  must  be 
remembered,  and  likewise  the  jjn^atPt  adhe> 
tive  power  of  the  locomotive  when  starting 
and  usinfr  sand. 

409>  Thus  at  f,  where  a  stop  is  nece** 
sar)'.  the  velocity  will  be  zero,  nod  th(?  virtual 
and  actual  profiles  mill  coincide.  The  grades 
approachinK  this  position  on  each  side  are 
necesMrllyinuch  heavier  in  the  virtual  than 
At  other  pciints.  a*  at  the  depression  rf.  the  veloc- 
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in  the  actual  profile. 

itTwiU  be  considerable,  and  the  approaching  grades  on  each  side  are 
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on  the  virtual  profile  very  much  reduced  bj-  ihat  (act.  At  Mill  other 
point-t.  a«  at  the  loot  o(  the  long  giitde  e,  the  velocity  of  approach  may  be 
coiuideTable.  and  ya  the  grade  »o  long  that  ttiis  velocit)*  hu  but  a  flight 
eficct  in  reducing  tiie  virtual  grade.  If  there  were  a  station  or  a  picttjr 
heavy  mitwr  grade  near  the  fout  of  tbc  long  grade,  as  is  apt  to  be  the 
aue.  no  surplus  velocity  at  at)  could  be  assumed,  and  the  virtual  and 
actual  pcQflle  would  again  coincide. 

For  a  tnrilier  riaitiplo  fcom  ptactiM  of  tbc  cRecl  of  vsryinK  *vlocily  to  mod- 
\ij  sradieno.  aod  of  the  d<cvptlve  iodiuiion*  ol  ibe  power  ol  eogirtcs  obtained 
ky  neglect mf  It.  lee  the  cIom  oi  Cbapier  XX. 

410.  It  will  be  cvKlcnt  ibat,  in  practical  work,  a  virtual  profile  need 
not  be  constructed  (of  tlic  entire  length  of  tfie  line,  but  only  at  jxKnts 
■here  it  u  likely  lo  make  an  important  diflvrence.  On  long  stretches 
of  level  Of  minor  gradients  we  need  (eel  no  anxiety,  unless  at  si»j>ping 
pointa.  On  tong  stretches  ol  maaiiniun  grade  ne  knuiv  that  vre  must 
.accept  the  actual  as  the  virtual  grade.  In  such  a  sag  as  that  at  J,  Fig. 
73,  it  is  plain  tkai  virtual  profile  will  differ  importantly,  but  it  is  unneces- 
sary  to  draw  it  as  in  the  cut.  (jranting  our  iissumed  mifc  velocity  in  the 
hollow  d.  of  ij  miles  per  hour  (vel.-head,  by  Tiible  1 18.  ::.i  ft.),  and  the 
assumed  velocity  of  lo  miles  per  Itour  (vel.-head.  3. 55  fL)  on  the  summit* 
oa  each  side,  the  assumed  diUcrencc  o(  \-clociiy  in  cfTrct  maies  afi//M 
dOi  31.1— }.$  a  !&?  feet.  We  have  therefore  merely  to  lay  oJI  veil ically 
l&y  (ect  above  d  and  connect  the  point  thus  fixed  aod  the  actual  sum- 
Bilta  by  a  dotted  giadc  line,  anil  wc  obtain  the  same  virtual  proHIe  as 
that  sliown  in  F<;;.  7:.  but  3.;$  feet  tower,  so  ai  to  touch  the  actual 
grade  line  at  the  summit :  and  so  at  any  other  point. 

4n.  Tlie  (ianjrer  in  using  such  n  process  at  t1ii«  US  a  b.isis  for 
laying  out  grades  is  solely  one  cfimmon  to  nio«t  engiiKcring 
and  other  work — bad  judgment  .ts  lo  the  practical  possibilities 
and  necessities.  Thus,  a  slop  may  be  required  where  one  is  not 
Anticipated,  or  a  velocity  may  be  assumed  tvhtch,  owing  to  cur- 
vature or  oilier  cause,  may  not  be  praciicabk  or  expedient.  The 
possible  use  of  sand  in  starting  or  at  particular  points,  or  the 
varying  power  of  the  locomotive,  may  be  forgotten,  or  a  speed 
may  be  asiumed  at  summits  so  loiv  as  to  leave  an  insuflicieat 
margin  for  bead  nvinds  and  similar  contingencies.  The  lovresl 
speed  that  can  properly  he  assumed  at  a  summit,  as  a  general 
rule,  io  view  of  these  contingencies,  is  about  to  miles  per  hour 
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for  freight  trains  and  lo  miles  per  hour  fur  pusnenger  Irains. 
Even  tliiit  IS  leaving  very  little  margin,  (or  whcit  a  trdin  has 
fallen  below  a  speed  of  lo  miles  per  hour  it  requires  vcty  lUtle 
to  stall  it. 

Nevertheless  with  reasonable  care  and  skill  it  Is  a  simple  mn 
ter  to  construct  such  a  prulik  anil  save  the  consequences  of  th 
vague  and  rash  guesses  as  to  the  effect  of   •'  taking  a  run"  al 
grndcs,  which  arc  sometimes  made,  when  (he  effect  of  momentu 
1s  considered  at  all. 

This  most  important  caution  should  be  remembered,  howevei 
With  the  virtual  profile  once  propbrlv  cokstructed,  hi 
PURTHtR  LIBERTIES  CAN  BE  TAKEN  WITH  IT.     The  maximum  vir- 
tual ^rade  represents  precisgi.v  tlie  power  of  the  engine:  and 
whether  the  virtUiit  gradient  be   ibd  feet  or  too  mites  long,  it 
equally  decisive  of  the  power  of  the  engine,  except  as  the  latl 
may  itscK  vary. 

4)2,  It  wilt  be  evident  from  the  preceding  discussion  that 
rise  and  fall  has  the  most  serious  effect  on  slow  freight  service, 
and  will  in  all  cases  bcctimc  inadmissible  (or  such  service  con- 
siderably before  it  becomes  of  serious  moment  for  passenger 
trains.  Such  an  undulation  of  piolile  as  Is  shown  ai  J,  I'ig. 
7>,  for  example,  produces  hardly  any  measurable  effect  upon 
the  speed  of  a  fast  passenger  train,  simply  causing  an  undula- 
tion of  a  few  miles  per  hour  in  ordinary  passenger  speed  (say 
from  50  to  ss  miles  per  hour),  which  is  hardly  perceptible  to  the 
senses.  In  this  rise  and  fall  is  unlike  curvature,  for  the  latter  (if 
the  grades  have  been  properly  compensated)  is  most  objection- 
able fnr  high-speed  service.  | 

413.  The  ejclremely  important  effect  which  even  very  mod- 
erate ffuctualions  of  velocity  may  have  to  modify  nominal 
grade*,  even  for  slow  freight  trains,  is  illustrated  in  Fig.  73. 
According  to  the  profile  this  is  a  0.8  per  cent  (41  feet  per  mile) 
muximum  grade,  and  even  .Tllowing  somewhat  fur  the  effect  of 
"  momentum"  it  would  be  very  apt  to  be  classed  as  11  0.6  grade, 
lo  reality,  the  0,8  grade  at  the  top  of  the  hill  may  be  one  mile 
long,  and  it  can  still  be  operated  as  a  virtual  0.4  grade  (si  f«ct 
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^tnik)  if  wc  miiy  count  with  ctrituiiity  un  npproactiing  the  foot 

o(  (he  hill  at  a  speed  of  33]   ^  milei  per  hour.     We   shall    stilt 

btabte  to  turn  the  hill  with  ', 

iielocity  of  nearly  to  mites 

per  hour,  our  highest  inter- 

nduie   velocity    being    aS 

niletper  hour 
If  we  cannot  count  on  a 

higfef  velocity  than  15  miles 

pa  hour  at  th«  foot  of  the 

ilill,«liel>wr  because  of  ciirva-        \ 

turt.  a  station,  or  bii<l  gnitlcK,         ; 

nruiiol  quite  do  this.     We 

iMI  have  only  t8  instead  of 

H  renical   feet  of  ■•  head  "  in 
I        tlie  train  at  elevation  120,  3  of 
■    «tieh  we    must    have    at    the 
^Lammit  to  avoid  danger  of  stall- 
^PBtl.    As  we   use  up  04  feet  of 

hud  for  each  station  of  0.8  gnide 

"te  0.$    grade,    at     the     top    of 

■he  hill    cannot    be    longer    than 

=  =  —  =  37.5  stations,  if  the 

tniire  grade  is  to  be  operated  as  a 
^  fi'laalo.4. 
H       Sucli    undulations    wrc    oflen    ex- 

''tlDflY'  desirable  for  economy's  ^iike, 

*I0  make  an  otherwise  impo^^iblc  lo> 

tlion  feasible.     Let  us  therefore  dcter- 

ntinc   their  ex^ct    effect   on   slow   train 

Knice  and  the  consequent  limits  of  safe 

prKtice ;  since  if  these  limits  arc  passed 

amiecessar^'  injury  may  be  done  to  tlie 

line.     In  Fig.  73,  for  example,  the  virtual  gradient  shown  is  a 

reasonable  one  because  at  no  point  docs  it  reduce  the  speed  very 

'ow,  but  if  the  points  at  elevations  60  and  1 10  were  ten  or  fifteen 


feet  higher  il  would  no  longer  be  so. 
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The  introduction  of  close  couplets  is  now  ti89i>)  rapidly  reducing  ti 
DMd  [or  very  loDf  vertical  curves. 

SAPP.  MMITS  OP  i:SIJULATION»  OP  CKAOB. 

414.  Wc  will  lupposc  B  train  of  40  cars,  say  1300  feet  long  and  wcii>li' 
ing  i£oo  tocit,  to  bi:  moving  with  a  uniform  velocity  of  15  miles  per  liour 
(12  feel  per  secondj  tgward  station  lOft  Fig.  74.  The  pull  of  llic  loco 
motive  is  pcrhnps  16.000  lbs.,  being  in  any  ciisc  prccisciy  thai  rtquircd 
to  move  the  train  at  15  milrs  per  hour  on  a  tnng  0.3  gmde. 

li  ha.-i  been  ulrcndy  staled  (p.irs.  399,  4031  ih^t  so  lone  ^^  <^^  steam- 
power  ol  the  locomotive  is  unvsricu  the  relative  motion  of  the  iraiD  : 


llie  tension  on  each  draw-bar  will  be  practically  uniform  and  unvarylnK, 
whatever  the  variation  o(  grade,  llic  change  in  rciistancc  taking  the  form 
of  increased  or  decreased  velocity.  The  only  lime  when  the  icnsion  00 
the  drRw-trar  is  not  absolutely  fixed  and  unvarying  Is  In  passing  froin 
one  gr;idc  to  another,  and  this  occurs  ua  follows : 

4IS.  As  the  eni;ine  passes  over  station  loo.  Fig.  74.  continuously 
exerting  the  same  steam-power,  the  chunge  in  ihe  rate  o(  grade  (from 
+  0,1  to  —  aa)  makes  a  difference  of  8  lbs.  per  net  ton  of  its  weight,  or, 
■ay.  8x61.5  =  $00  lbs.  in  all.  in  its  pull  on  the  draw-bar,  thus  increasing 
its  pull  on  the  train  for  ihe  moment  from  16.000  to  16.500  Un.,  or  about 
3  per  cent-  This  increased  traction  will  immediately  begin  to  make  the 
train  move  faster,  and  as  some  oE  it  must  be  absorbed  in  making  the 
cn^ne  Itself  move  faster,  not  all  of  it  will  be  transmitted  backward 
the  train, 

Three  seconds  afterward*,  two  other  cars  will  have  passed  over  sta- 
tion looi  and  will  increase  the  traction  on  the  drawbars  behind  them  by 
some  320  !bs.  more-  This  increase  of  tractive  force,  likewise,  having  no 
extra  resistance  to  use  it  up.  will  take  the  form  of  an  incieasc  in  velocity. 

So  as  each  car  in  succession  passes  over  the  break  o(  grade  the  aetfi- 
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aViKg  ionx  gradually  increasa  itam  texts  {as  the  engine  approaches 
ntion  109)  tu  8  lbs.  per  tun  of  wcichl  of  the  wliolc  train,  when  ihe 
niirt  train  lias  Anally  passed  over  the  apex. 

4H.  The  instant  that  this  occurs  the  tension  on  the  draw-bars  will  be 
pcctuljr  the  same  as  before  throu);l)out.  vjx..  ihnt  due  to  the  work  of  the 
npM  only,  and  will  be  employed  kn  ilic  same  manner— in  overcoming 
ih«Minnal  train  resistance  on  »  grade  of  +  0.2  at  llic  original  velocity; 
thilethe  extra  accclcmting  force  from  the  change  of  gr^dc  will  be  act- 
ing ujjQo  the  train  indc|jendcntly  to  communicate  velocity,  precisely  aa 
il  u  «cfe  descending  the  nme  plane  without  resistance  and  with  no 
iXltr  lotce  acting. 

The  tinal  velocity  at  stations  125  and  r4o  will  be  precisely  the  snmc  as 
H  It  tud  (alien  freely  throi^h  a  height  equal  to — not  the  iictuul  diRer- 
tnctof  level  between  too  and  140 — but  through  :■  vertical  height  equal 
loiliMlrop  in  the  actual— 0.1  grade  from  the  dotted  +o.j  (;"de.  on 
■hKli  by  aiMimption,  the  locomotive  was  exerting  just  enough  power  to 
teftlw  tram  movmg  ai  15  miles  per  hour, 

Wlia  will  be  ihc  velocity  of  motion,  then,  ai  125  ?  Computing  it  aa 
Ware:  we  l«ve— 

Tk  original  velocity  of  15  miles  per  hour  is  equivalent  to  a 
UlthrcHigh  space  o(  («ec  Table  iiSj 7.99  fecL 

thfipiathe  ^de  Is 10.00   -' 

HtiKc  the  train  at  ii;  wilt  have  the  velocity  "  due"  to  a  free 
tiJlof.. 17.99    " 

*feb  by  Table  1  iS  wilt  be  ».  5  miles  per  hour. 

Tliis  is  ail  entirely  safe  and  unnhjcctionablc  velocity.  Al  ttntion  140 
'**"dip"  is  16  feet  instead  of  lo.o  feet,  ai)d  the  velocity  acquired  is 
'*■*  +  799  =  33-99  vert-  feci  =  a  velocity  of  ifi.o  miles  per  hour,  which 
My  te  ctaimcd  to  approach  the  utmost  limit  of  expediency  for  freight 
*tice. 

Had  ll)c  dip  been  so  feet,  the  velocity  acquired  would  have  been 
*»«  18.1  miles  per  hour.  A  dip  of  ao  feet  may  therefore  be  considered 
•touiihe  majtimum  which  it  is  pcrmi»ibli:  to  ride  over  in  freight  ser- 
''m  rithout  shutting  oH  i.tcam,  on  good  tr;ick  and  with  favorable 
ifigitiDent. 

4I7>  These  velocities  would  actually  be  somewhat  les«  thiin  ihc  fig- 
■uu given,  owing  to  the  fact  (1)  that  the  ckntre  of  gravity  of  the 
tnin  does  not  ri»c  quite  as  high  or  full  quite  us  low  us  the  highest  or 
hum,  point  of  the  iracil,  and  (i)  that  the  rc&istance  of  the  train  in- 
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creucs  with  the  velocity  (sec  Tjbk  i^oaiid   Ch.ip.  XIII.),  wti«feiU 
have  iiKtunied  ii  to  be  constant:  tttit  ■a.i  the  ditlcrcncc  is  of  no  gr 
moment  in  the  details  wc  arc  now  considering,  and  a$  the  neglect  of  it 
tends  to  ssfcty.  ii  H  not  here  considered. 

Tauli;  120.  . 

Al-PKOXIMATE  GIlADES  OF  R&fOSE  tOR  VaKIOL'S  TftAINS  (AS  DltmUIS 

TAiu.r  Ml).    Skr  alio  Taulk  160. 


Vnocrn. 

HiLU 

1^. 

Chkicht  T*.uk> 
or- 

o»— 

AtnuIIHATK  lilKIM<fl 

Twtniy 

Four 
Cm*, 

Tmln 
Cict. 

Gmilr 

Vtn    1 
P*r  Mile] 

SO 

0.30 

o,j& 

0,4(1 
O.sS 
0.73 
t.iO 

*•    ■     4 
■   «■    ■ 

o.aj 

O.JJ 

0.40 
0.49 

0.59 

O.J4 

0.40 
0.5a 
0.6<i 
oM 
1,38 
9. 09 
i.Si 
3-« 

0.17 
0.3* 
0.4s 

0  S3 

0,6s 
O.qS 

3-49 

0.30 

O.JS 

0.40 

o.go 
0.65 
1. 00 
I. so 
a.ij 
3.00 

I9.4S 

31.11 

96.40B 

TO.pJ 

iiB.toA 

Tit  rtttitaMtt  i»  feumit  ftr  f«m  in  finn  bj  niulttplfine  lti«abi>n  bjr  ao. 

4ld.  Now.  what  takes  pbce  in  the  hoi  low  «t  140.  when  the  engine  b^* 
gins  to  ascend  ?  Here,  if  anywhere,  is  tiie  point  of  danget.  and  titfc  is  in 
(act  a  verj'  great  danger,  tlie  precise  nature  and  limits  of  which  should  be 
determined.  The  danger  arises  from  the  fact  thai  in  the  hollow  ol  a 
grade,  where  the  head  of  ihe  intin  if  on  an  up  grade  and  the  rear  of  th« 
train  on  a  clown  grade,  there  is  hnbte  to  be  a  momentary  crowding  to- 
gether of  the  train. 

Thiii  liability  occurx  only  when  the  head  and  rear  of  ihr  tmin  are  on 
dillerent  grades.  We  have  just  seen  (pan,  4 1 5. 4 16)  that  when  thrirhole 
train  Is  on  the  same  grade,  however  creat  its  rate  of  ascent  or  descent,  the 
tension  on  the  draw-bare  will  remain  the  same,  being  that  ariHin;!  from  the 
irMction  of  the  locomoiivc.  and  ihe  additional  enerRv communicated  to  or 
taken  from  the  train  by  the  grade  will  take  the  form  of  an  increase  or 
decrease  of  velocity,  which  is  uniform  throughout  the  irMin  because-  the 
grade  U  tinlform. 

419.  In  the  hollow  of  a  grade  this  is  not  so.  and  hence  arises  ihe 
tendency  for  the  rear  of  the  train  to  run  up  asalnsl  the  front  when  pass- 
tng  such  points  under  certain  conditions,  taking  ail  the  "  slack"  out  ■ 


tbtnin  Bad  bringing  thcdraw-tiarslntonioreor  less  cumpicssion.  The 
tax  aaiam.  whet)  ihe  hollow  is  passed  and  the  unKorni  gntde  (whatever 
tmtybci  isHtuck.  tlic  normal  condition  of  tvnaionttiroughout  ihe  train 
tRuim.  but  returns  with  a  jerk;  (or  with  the  pn-scm  awkward  style  of 
cnipllivt  <hc  ditleKncR  in  length  of  a  irain  in  (oision  nr  compression  is 
«ff  CMt^^rriUe.  Tlie  ■  slack"  varies  from  4  to  6  inches  or  more  per  car, 
Mccfding  10  the  deffree  o(  furee  with  which  tlie  spring!)  ure  conipr«»scd 
Old  tilended,  90  thai  a  iraln  of  60  or  Soemplycuis  may  shorten  as  mucli 
i>j3tu40  It.  The  )erk.  when  this  slack  is  "taken  out,"  b  exceedingly 
ipitabrcHk  the  train  in  two,  and  it  Isaisticb  hollows  In  grades  that  most 
o'tuch  btrakages  occur. 

4M.  The  reality  of  the  dan);rr  maybe  illustrated  bya  literally  truthful 

)ix<(]otc:  In  the  old  d^iysof  iron  rails,  sime  iliifty-fivc  years  ago.  when 

itrnilincnis  were  much  more  lce<|uenland  more  easily  caused  ihuii  now  ;i 

ftiun  especially  poor  road  was  iiaving  very  frequent  derailments,  so  iliat 

BKh  raiidiictor  wax  liavitig  derailments  every  feu-  (liir«.    One  of  the  older 

toaduaunt  was  singularly  exempt  from  sucli  accidents,  for  which   no 

KUMi appeared.     In  antwcrio  repeated  qucstioue,  he  at  last  confessed 

'•w  lie  -always  kept  his  cabouse  brake  set  up  »  little."    Tiiis  was  coii- 

""y  to  urdcr>.  but  it  had  the  practical  effect  of  kccpinft  the  draw-hars 

"»ayjtn  tension,  and  at  the  cost  of  a  slight  wauc  of  power  prevented 

***  more  serious  dungcr, 

Swh  crowding  toK^iher  is  dangerous,  not  only  for  the  quick  jerk 
'••icli  mujit  almoit  incviiably  follow  it,  but  l>ecau^e  it  tends  to  cn)wd  the 
^'rs  out  sidewi^eat;"in:i'.  one  or  the  other  rail.  an<l  !>o  produce  irregularity 
™  *no(ion.  causing  ilie  wheels  to  hunt,  as  it  were,  even  more  zc.iloualy 
""n  they  ordinarily  do.  for  ilic  first  "lefcct  by  wliieli  they  m.iy  e*CJtp» 
">n  the  track.     Especially  on  curves  iliis  is  vety  dangerous, 

421.  Tht  philosophy  of  mia*  breaking  in  two  is  simply  this-  Al  the  lop  of 
'^  Bnde  the  •leant  ii  pariially  shui  ofl  and  the  bcnkes  put  on  xlighilj'  :  but 
Wote  Tc*cliinR  Ihe  (not  o(  the  itrsile  ihe  brakes  aic  ulnio^i  a1wsy>  Irt  dlf,  and 
'■t  irain  sirikes  ihe  luoi  of  the  asecm  "  full  of  slack."  A  csieful  enitincman 
"illtlKQ  lelwi  sieamseni'y,  and  all  will  be  well  The  more  tarelcM  will  "pull 
■Kt"  vilh  a  Jerk,  iftd.  If  he  be  carelcli  cnout;h.  he  mill  be  almoti  tetliiiii  lo 
ttnk  a  link  or  puti  out  ■  ilrHw-head.  (nr  «uch  psrts  can  hiii<Jly  br  nuilexronc 
n«agh  (at  Icait  in  Ihe  present  fashiani  lo  mist  a  loo  Kudden  cxeriion  oi  the 
pM»e(  oi  the  eniiine.  To  a  (treat  e»i<nt  the  number  of  iuch  accidenit  it  en- 
Inly  in  ili«  hind*  of  the  engineer.  It  has  not  unfrequcnily  happened  thai, 
«tcn  ihe  rmplnyis  wrie  annoyed  by  an  itKienat  o(  irMJn  or  oilier  caiisr.  <he 
Iteling  of  annoyaiKe  has  taken  the  form  of  a  jerky  (aibion  of  pulling  out  the 
dfDiile.  which  bat  resulted  in  an  alarming  increase  in  sacb  accidcnis  and  ler- 
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rilled  B  doubling  or  inexperienced  •uperlnlendeni.  So,  loo,  ihe  ImrodiKdanAf 
huvlcf  enslnei  hm  had  and  will  «lmi>it  certainty  have  dangerout  coiitequcnce*. 
— for  a  lims. — p*rliy  brcAuae  tha  cnninrmcii  vrc  tcilly  inrxpcrionceil  in  baad- 
linK  such  powerful  machine*  and  partly  from  a  xcret  willtOBneis  lo  throw  dis- 
credit upon  Ihcm. 

433.  We  will  consider  tlie  mechanical  reasons  why  a  very  »ligltt  sei 
ttng  up  of  brakes  on  a  rear  car  should  rcdiioc  these  dxngera,  and  how 
at  that  remedy  is  objeciioitablc  as  a  regular  reliance— it  also  un  bcsatd: 
dispensed  with  in  passing  sags. 

A  tram  of  cart  coupled  together  may  be  considered  as.  mectumicnity. 
asinglcsolid  body.  All  solid  bodies  have  more  or  less  elasticity,  and 
alter  their  dimensions  under  exterior  force  applied  to  ceruin  pans  only. 
A  train  has  mote  than  usual  longitudinal  elasticity  :  tliat  is  all, . 

The  motion  of  such  »  budy.  n.i  retpects  the  action  of  gravity,  is  the 
same  as  if  its  mnsK  were  concentrated  at  its  centre  of  gravity. 

423.  The  centre  of  gravity  of  such  a  truin  does  not  descend  into  th« 
apex  of  the  hollow  in  E-'ig.  74  or  75  (asstiniing  sitch  sharp  interscctioRS  of 


I 


Ltvel. 
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p«de(0  exist  in  practice),  although  each  individual  ear  does.  lu 
lies — for  simple  geometrical  reasons  wbjcli  the  student  may  he  assumed 
either  to  uiiderstand  or  to  take  for  granted — at  a  un\form  distance  above 
a  circular  arc  or  parabola  (according  lo  theassiimptionn  mndc)  langcni  to 
ihe  two  grades  at  the  points  {.g.,  one  half  train-length  from  the  njiex. 
Fig.  7S  wc  assume,  as  the  simplest  case,  that  a  level  grade  intersects 
0.6  per  cent  ascent,  instead  of  a  —  o.i  and  +  oi4  grade  in  Fig.  74.  Tl 
reauttx  wc  shall  teach  are  not  essentially  varied,  whatever  the  rates  of  the 
separate  grades,  if  their  angle  of  iincrsection  is  the  same. 

Let  ui  assume  (or  the  moment  the  train  in  Fig.  7S  to  be  exerting 
within  Itself  just  enetKy  enough  to  balance  iu  own  resistances,  so  that  it 
is  in  the  theoretical  condition  of  a  body  moving  i'm  vaeu« 


to- 
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plniif>  or  Ifisiflg  vclacily,  and  moving  ai.  say,  16  milea  per  hour,  equal 
Wi  "vrlociiy-liead"  (Tuble  118)  o(  13.99  (eel.  For  simplicity  we  will 
Uiunc  the  (ruin  tu  be  iloo  feet  long  and  to  vreigh  uniformly  one  ton 
perlonLand  we  will  u»unie  it  tocons>»tof  only  8,  11.  or  more  very  long 
on  instead  ol  some  40.  aa  it  probdbly  would. 

414.  Under  these  conditions,  when  the  train  has  reached  the  position 
inlicued  bjr  the  black  line  OC  in  Fig.  76.  w>ih  the  rear  cur  jubt  past  ilie 
ipa0liucentreo(  gravity /(  will  be  precisely  6xx>  x  0.6  =  3,6(ecttiigl>er 
Ihiii)  n  A,  and  tlic  train  as  a  whole  will  have  surrendered  an  amount  of 
ncrg;  and  ol  velocity  corresponding  to  that  height.    Tile  centre  of 


;  * 
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|nwy  »iU  have  moved  in  the  arc  AOP.  and  the  velocity  with  which 
to  Uaio  31  a  whole  is  moving  at  any  imint  Oat  li  is  given  with  absolute 
Fusion  by  subnncting  the  ordinate*  to  the  air%-c  from  the  biisc-linc 
'^'Tfeooi  ihe  initial  "  vrlocity  head,"  a.",  is  dotie  in  Fig.  76.  At  B  the 
KKXity  will  be  only  14.0  miles  per  hour. 

With  the  train  in  this  position,  each  car  considered  separately  would 
^*<  wrrendered  the  energy  and  velocity  represented  by  the  successively 
cimtaithing  ordinates  aa'.  and  if  the  train  were,  as  assumed,  a  body 
""•^i'^  through  space  from  original  impulse  without  resistance  or  com- 
■""icated  force,  the  inevitable  effect  of  such  conditions  would  be  to  pro- 
™<  a  uniform  compression  chrougtiont  the  body  at  all  the  points  tt.i' 
'*Wi  rear  panicle  pres»ing  ag.iin«i  that  in  front  of  it)  whenever  the  path 
«*  the  body  were  deflected  upward,  however  slightly. 

425.  But  the  train,  atihougb  a»  a  whole  it  ni  in  the  condition  Mated. 
W  latemaliy  to  ilscK  is  in  very  diflerent  condition.  A  strong  acceler- 
*1BS  fortefthc  engine)  is  acting  in  frontal  C .  a  strong  retarding  force 
'Mf  10  Ibt.  per  too)  throughout  the  rear  of  the  body.  The  two  counter- 
*Q  and  destroy  each  other,  their  net  resultant  being  lero:  but  in  so  doing 
ttey  produce,  q'  tend  to  produce,  a  ttaie  Ol  tension  throughout  the  train. 
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Whu  b  required  is.  not  that  thia  tension  sh«ll  not  be  rtduoed 
passing  changa  ol  gnuk.  but  that  it  ttiall  noi  be  exchanged  in  aiiy  i 
of  the  tram  (or  only  in  a  very  smnll  part)  fur  a  ttateofconipfcssion. 
train  may  be,  us  respects  its  coupling*-  <n  three  conilitione : 

I.  In  lentioH.  ltd  normut  cundition,  wliich,  whether  pc.iicr  of  less,  will 
only  cxieniJ  the  sprinjis  a  llltle  more  or  leu.  but  make  no  nuuehal  ditiltt^ 
eoce  in  the  wIiuIl-  IcflHlh  of  the  train. 

3.  in  ntilker  feniivn  nor  comprnsion,  the  two  adjacent  cant  tcndioj 
lor  the  moment  to  move  with  ttic  aanie  velocity,  so  that  no  force  of  «ny 
kind  IS  communicated  (rom  one  to  the  other.  This  condition  can  only 
be  momentary, 

3.  /«  (9mprtui«it,  tlic  cars  behind  crowding  upon  tlioic  in  front. 
In  the  transition  from  tlic  liret  toiliisUsi  condition  lie*  the  whole 
danger.    So  long  as  wc  do  not  pavi  the  second  (which  Is  more  properly 
merely  a  line  of  demarcation  between  the  first  and  tliird)  wc  ui'e  safe. 

436.  This  wc  shall  avoid  if  the  rear  car  (or  cars),  where  the  tension  is 
IcMt,  nowhere  itself  tend*  to  move  faster  than  the  train  as  a  whole  is 
moving  at  tbc  same  momcni.  during  the  period  of  iransttion  from 
grade  to  another.  Fib*.  75.  76.  or  78. 

The  rear  car,  when  travelling  on  a  grade  of  any  r.rte.  as  a.  i.  or  c.  Fi| 

77,  has  a  certain  frlctioiial  rcsistane 
whicli  will  make  it  of  itself,  without' 
exterior  asMntaiice.  surrender  veloc> 
,  ity  as  if  it  were  niovin^  on  the  dot 

IQ^  grade  without  friction,  in.itb-ul  d 

on  the  actual  grade  with  friction. 
The  dificrcncc  between  the  dotted  and  actual  grade  is  the  so-called 
"grade  of  repose." marked^  in  Fig,  78.  fly  even  3  slight  application  of 
brakes  this  griidc  of  repose  may  be  very  greatly  increased.  ^M 

Since  iheir.tin  as  a  whole,  then,  is  moving,  mechanically,  wilhou^l 
friction,  and  surrciidcriiig  %'e!ocity  at  the  same  talc  as  if  its  m.«ss  were 
concentrated  at  its  centre  of  gravity  and  moving  in  the  path  thereof  {A 

a.    Figs.  76  and  78),  at 
trs  Grade  offi^os^  «f/Ast  CSK 
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each  point  in  the  passagv 
from  A  \o  B  the  tr,tin 
as  a  whole  is  surrender- 
ing velocity  at  tht  rat* 
du*    to     thi    gradt    w» 


wAieh  tkt  ctnlre  of  gravity  it  for  lAe  mvmtnt  tmning  in  its  path  AB. 
The  steepest  point  on  this  curve  is  at  the  tangent  point  ii,  at  which  same 
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inuani  ihc  rear  rar  f>(  ihr  iniiii  iUwU  siril:»  (be  up  grarfc  m  O.  and  cn- 
Ciiuntcrs  ihe  »3inc  regarding  rcciKtance  as  tlic  mi  o{  the  train,  so  that 
ibe  diiRgcr  o(  its  crowding  up  on  it  i*  tlicn  post. 

437>  By  comparikcm  oJ  the  cooilitions  just  staled  for  ili«  laM  car  and 
ihe  wltole  train  wc  deduce  ihi«  umple  rule : 

To  OBVIATK  ALI,  DAVfiER  Of  THE  REAR  PORTION  OF  THE  TRAIN 
CROWDING  I'PON  THH  CARS  l.V  FROST,  WITHOUT  THE  USE  OF  BRAKES, 
AT  ASV   SAG   IN   A  GRADE   LINE: 

The  rate  0/  Ikt  f^rttdt  on  vrkith  tAt  kfiui  ej  fke  train  standi  muU  in  «# 
4asf  t.ifftit  ikat  oit  iKkiik  tMr  rrarir/  the  train  tlaaiis  by  mtrt  tkan  tk4 
"grade  of  repMr  "  »/  tkt  latt  (ar.  Otherwiie  Ikt  latter  will  (rv«,v/  up 
mpwn  Ike  Irttin. 

43&  The  giadc  of  rrpoK  may  be  increased  lor  die  time  being  above 
ihe  aoinMl  (if  by  applying  brakes,  ami  (3>  by  the  cngincman  "  piittini; 
out  "or  beginning  tn  cxrrt  tniire  force  up»n  the  train  at  '>r<)iiilc  near  10 
the  apex  O.  In  the  latter  case,  until  the  train  has  acquirrtl  a  velocity 
correspond iRK  to  the  new  ini:tive  (urce.  the  "giatleot  repose"  of  the  rear 
car,  ur  iur»isiance  to  movingwith  the  train,  will  be  considerably  sreaier. 
The  fint  ol  iheac  remedies  is  objeciionabte  as  a  regular  reliance,  and  the 
second  is  too  nnceriain.  Tlicrelorc  ilic  rule  above  may  be  considered 
one  which  it  U  desirable  to  adiicrc  to  strictly  whenever  pu^ible. 

♦29.  Since  the  conclusion*  reached  sbo^'e  depend  on  the  differ- 
ences In  the  rate  ol  grade  (see  Figs. 
77  and  78),  it  is  nb\'ious  that  Ihiry  ap- 
ply alike  to  all  hollows  in  grade  lines, 
whctiier  both  he  ascending,  both  de- 
scending, or  one  descending  and  one 
ascending.  To  «ee  this  more  clearly 
(wbkb  should  be  almost  •elf-eviOenI), 
tip  f^is-  7^  ■"  various  directions  so  ns 
to  correspoad  lo  all  the  conditions  of  practice.  It  will  be  olivious  that 
^iboagh  tbe  cbanses  in  the  absolute  velocity  ol  the  train  and  every  pari 
of  it  will  b«  greatly  modified,  yet  ihai  the  relation  of  the  motion  of  the 
nar  car  to  the  wbole  train  will  not  be  modified. 

430.  We  see  in  what  has  preceded  the  urgent  reasons  why  the 
use  of  long  and  easy  vertical  curves  in  the  hollows  of  grade  lines 
should  never  be  neglected.  The  conditions  are  entirely  different 
in  a  salleni  or  rising  angle  in  a  grade-line  like  Fig.  79  and  in  a 
lioliow  like  Fig.  80.     In  passing  over  the  former  there  is  only  a 


FicSi. 


3^4 


CUAP.  /X.~Jt/SE  AKD  FALL—SAFE  U*flTS  OF. 


..Bt 

roEa 
ibicfl 


momenury  increase  in  the  nurmal  tension.  If  too  suddeit,  this 
i&  objectionable,  so  that  vertical  curves  should  be  used  in  all 
cases;  but  it  is  the  k^versal  of  str^tin  in  u  liollow  which  is  par- 
ticularly objectionable,  an<\  (or  ihcm  the  rule — Tlie  ciiange  in 
rate  of  grade  in  a  train-length  should  never  exceed  the  grade  of 
repose  of  the  last  car — should  be  siricily  adhered  to  when  thej 
cost  of  doing  so  is  not  too  great. 

431.  From  thii  it  follows  ihat  llie  loiiRer  the  train  and  the  tower  thf 
grade  of  repose  the  easier  should  be  the  vertical  curve,  and  via  i-*ru. 
As  the  (trade  of  repo»e  increases  with  the  velocity.  It  Is  evident  that 
short  tialns  at  liigh  speed,  like  passenger  trains,  are  In  little  danger  oEj 
any  such  ellect.  and  ilmt  to  obviate  it  altogether  the  longest  possiblf 
tram  mid  the  lo«-est  pussiltlc  resistance  for  tlie  last  car  or  cars  sho'tid 
be  assumed . 

The  lowest  probable  resisiaiicc  for  the  rear  of  the  train  at  any  sue 
point  is  about  6  lbs.  per  ion,  Dynamometer  tests  of  freigtit  trains  xbovr.l 
indeed,  average  resisunces  of  3I  to  4  Ibii.  in  freqiicni  litsianccs.  but  llie 
speed  I5  likely  to  be  high  at  the  ]uirticulitr  localities  In  question,  and 
there  i*.  moreover,  a  certain  atitiosplieric  resistance  fioni  suction  at  the 
rent  o(  the  train  (whJch  may  be  estimated,  by  analogy,  from  experiments 
on  a  small  scale,  at  about  half  as  much  per  square  foot  as  that  at  the 
head  of  the  train)  which  will  increase  the  resistance  of  the  rear  cars^ 
somewhat  above  the  rest  of  the  train.  Curve  resistance.  If  ucicompen^_ 
sated  (and  iitlll  more  when  cnmpenimicd.  In  descending  a  grade).  may^H 
affect  the  question  cither  way.  nccorclinK  toil*  location.  Grade  resist- 
ance, as  we  have  N;en.  docs  not  in  Itidf  affect  the  question  in  the  slight- 
est.  The  difference  between  the  grades  at  the  rear  and  head  of  thelratik 
alone  concern.i  u.i. 

433.  The  utmost  lenfph  of  train  wit]  depend  on  the    ruling  ^rade 
of  the  road.     An  empty-car  train  will  have  about  twice  the  length  of 
loaded  train;  but  empty-car  trains  are  unusual,  their  rotlinf;  friction 
higher,  and  the  phenomenon  is  not  so  objectionable  that  it  may  not  m 
occasional   instances   be  permitted,  especially  as  it  can  be  avoidc<l  bjrj 
brakes,  or  "pulling  out,"  ii  desired,     A  35-  or  4o.car  train  will  be,  sayX 
1300  (t.long  and  this  may  not  unreasonably  be  taken  as  an  avciage  maxi- 
mum.   On  heavy-gradc  lines  a  shorter  assumed  length  of  train  maysut 
fice.  and  on  Ion'>grade  lines  the  trains  may  he  much  longer, 

433.  Avtuming  1200  ft.  (11  stations)  length  of  train,  and  6  lbs.  | 
t^"  (fi-i  grade)  for  the  resistance  of  the  rear  car  oe  cars,  we  have  the  ruli 
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Vtrlk»l  cmvtt  in  lagi  thattld  ht  400  //,  hng,  tfr  aoo  //.  en  tac/i  liiU 

tttkt  '.MrUx  I \,ftrta<k  ItHik  im  ckfinst ef  rait  ef  gradt.  making 

Ikiiititgi  in  r,itf  cf  gr.iiie per  UaU'«n  n^  oxtr  o.OJS  fier  Station,  if  ALL 
rijrfiKLltv  of  bringing  Ih*  drav-^ri  of  any  part  vf  Ike  train  inloeom- 
f'ttum  wkiU ptttting  Mtr  it  it  la  be  avoided.  With  half  tliia  length  o( 
com.  «l)icti  is  considerably  more  tlian  is  usual  in  Lying  out  vertical 
cunti  all  danger  of  "uikii;gouc  ihrslMt^lc"  in  iltc  front  half  of  the  train, 
irh<n  ihcrc  i*  nio*t  <Uiigrr  (if  Wcrfking  in  iwo,  will  be  avo'ilcd. 

tH.  A  short  >nd  ii(npl«  inclhod  of  pulling  in  leriiul  ccrvct  li  rlv«n  at 
tttcToK  of  ihL*  (luptet.  The  ooiiMlonof  »utli  cuiven,  and  the  ncKkeliomak* 
lt(o  lane  tnougli  »h«n  uwil  »l  all.  it  one  of  the  most  prcralciii  nnd  unforlii- 
Mi(  d  the  minor  mora  «(  location,  for  it  often  conrcru  ■  *ttg  whirh  would 
^WraiKbe  almoit  innocooiit  taio  >  tcrlou*  dltiutvaniaitc.  The  bad  leiulu  in 
nrk  «  cttM  i>ill  very  natutallir  tic  ucribrd  to  tbc  itaic  itself  inilead  of  to  th« 
M  aannct  of  patting  lo  the  sag:  and  in  thii  way  a  prejudice  even  greater 
■^  the  Uct*  Jaiilly  exinu  afainii  tuch  ttrenht  of  gride  With  proper  care 
i^r  way  bt  Uietl  harmleM'y  wiih  xome  frrciiiim.  especially  »  it  is  nearly 
*'"■}«  possible  to  lake  them  oui  in  pan  or  whole  al  any  tint?  when  circum«ian- 

***  M«m  to  requite  and  permil.  by  iiicreaiiriK  the  height  of  the  fills  or  jjiading 
•••tline.  [n  this  manner,  in  (act.  It  is  often  posiiblc  to  provide  for  eTentusUy 
"^TMg  betlcr  line  and  gradej  than  It  wouliJ  olherwiie  t>r  puMible  to  otita^n. 

SoMon  as  an  an (otni lie  close  coupler  shall  be  adopted.  eliminalioK  all  loose 
''*elc  Irom  the  train  [and  it  i*  now  dear,  (or  reasons  given  in  Chapter  3CI1., 
■■"lat  inch  A  coupler  is  the  only  proper  form  to  adopt),  much  of  the  Impor- 
'■nc*  of  coeoectlnc  breaks  aX  crade  by  exiietnely  easy  vertical  eur^'e«  will 
^'*«Pt)«ar.  It  i*  hardly  safe,  however,  to  count  upon  any  speedy  and  gen- 
^t^l  Bciloa  in  (hat  direction, 

43ft.  Let  il  therefore  be  repeated,  that  so  long  as  (1)  It  is  not  necev 
•ary  10  alter  In  any  way  ilic  slcani-powcrof  the  engine  to  avoid  100  high 
spei-d.  and  (1)  so  long  as  the  transition  frotn  one  grade  to  Mnoiher  Is  cz- 
Iretnely  gentle  and  gradual,  such  breaks  arc  a  mailer  of  the  most  trifling 
BMBcnt.  But  to  this  rule  there  are  some  exceptions.  Thus,  a  sag  of  10 
4VI}  feet  mi^ht  be  entirely  Innocuoais  on  a  long  tangent  between  sta- 
Irani^  yet  at  some  other  point  on  the  line,  where  the  profile  Ir  precisely 
the  same,  it  might  be  a  serious  nnd  even  dangerous  evil,  A  sharp  curve 
M  the  botiorn  of  the  %*^  might  necessitule  a  very  low  speed  there,  or  a 
heavy  grade  near  at  hand  make  high  spcvd  desirable.  A  station,  or  a 
siding,  or  crossing,  or  waict-tank  may  in  tlie  future.  If  nut  at  present, 
aecesaiiate  a  stop  there.  In  any  such  i:asc  the  sag  would  at  once  change 
II*  character  from  a  harmless  economy  to  a  serious  find  costly  error,  if  it 
be  lor  any  reason  a  permanency.     If.  on  the  other  hand.  It  cau  be  takco 


360      CHAP.  IX.— RISE  AND  FAll^UM/TS  OF  CLASSES. 


out  at  any  time  by  simply  filling  up  the  hollow,  of  course  far  greater 
bolHnirss  may  be  used. 

436.  It  will  be  obvious,  furiliurnioic.  thai  the  cfTect  and  diMdva 
tages  of  such  »gs  are,  olhcr  things  being  cqiiAl,  ihc  same,  whatever  ih. 

rale  of  the  gr^rfc  on  which  the 
^     sag    occurs.      Thu*    in    Fif[.  8i 


er 
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then-  n.  literally  ^pC4ki[Ig.  no  risoH 
und  lall  ai  all.  beaiuie  it  is  a  con-H 
tinuous  up  grade  i  yet  If  the  loco- 
motive be  ascending  this  ^rade. 
and  exerting  just  puwcr  enough 
to  tnaiiit^in  a  uniform  velocity, 
the  effect  o(  the  mere  break  of 
grade  is  precisely  the  same  as  tbc 
actual  sagsnd  rise  and  full  in  Fig. 
8i.     In  each  case,  if  the  irmin  b« 


moving  at  a  uniform  velocity  of  ti  or  i  j  or  30  miles  per  hour  (=  vclo- 
city-licad,  by  Table  iiS,  of  5.11,  7.99.  and  14.10  fl),  the  SJig  will  incrcuc 
tbe  velocity-head  by  4.0(1.,  t09.11,  11.99.  and  rS.ao  It.,  and  the  vcIociijT' 
in  (he  bottom  of  the  hollow  (neglecting  ihc  iact,  as  heretofore,  that  ih« 
CCflire  of  gravity  of  ihe  irain  docs  not  rise  quite  so  high  nor  fall  qii>te 
low  at  the  angles  of  the  grade)  will  be  increased  to  16,0.  1S4.  and  3:.6 
miles  per  hour.  After  passing  the  bottom  of  the  hollow  the  train  begins 
to  lose  velocity,  and  on  ngain  tcaclting  the  m.iin  grade  is  moving  at  t' 
tame  velocity  a«  when  it  left  it. 

437.  The  above  makes  clear  that  it  i*  n  Fallacy  to  count  up  the  nu 
ber  of  feel  of  rise  and  fall  merely  from  the  ups  and  downs  a»  shown  byi 
the  differences  of  elevation  of  the  profile.  a»  one  uf  tbe  criterion*  of  the 
excelleuce  of  .1  line.  Ordinarily  this  may  not  prove  very  deceptive  but 
the  true  comparative  importance  to  be  ascribed  to  rise  ;tnd  fall,  andJ 
hence  the  limits  of  the  three  classes  o(  rise  and  fall,  A.  B.  and  C,  as  su 
mariied  in  par.  367.  and  again  in  par.  4JI.  must  be  dcicrmincd  in  a  dit 
ferent  way, 

LIMITS  or  THE  CLASSES  Ot  RISE  AND  FALL. 

430.  Limi'lt  of  Clan  A.  (The  least  objectionable  class.) — The  nor- 
rihI  freight  speed  may  be  assumed  to  be  1  j  miles  per  hour,  but  in  certain 
locations  it  is  not  likely  10  be  more  than  10  miles  per  hout.  and  in  other 
tocaiioiis  it  may  usually  and  naturally  be  as  high  as  10  miles  per  hour. 
Assuming  a  train  to  be  approaching  a  tag  inanygntdc-linc  at  these  rates 
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ofipttd,  wc  have  in  Table  isi  the  maximuni  velocity  which  sags  o(  vaii< 
OKI  dcpclu  will  i;ive  to  ihe  train. 

Tabi-f.  121. 

EffKT  or  Sacs  or  Varioits  Dkpiiis  ntt.ow  a  Contisuous  Grade-Lihr 
tvD  NAViNO  TIIK  Fork  of  eitkbs  Fiu.  81  ok  Fiu.  %x  ix)  MOoirv  tkk 
SrEU>  or  T«Ai.<tB. 

IComfiiilnl  by  the  aid  nf  Tablr  iiK,  ai  explained  In  par.  tfatt  irf.) 


CiuTor 

Dtmar 

r«r. 

Vtl.-tlSAB  III  Tlini    At  LoVUT 

PaiHT  or  Sac  n»  StmiH  or  ArnioMH 
ID  HiLU  Pas  Hen*  or— 

tvn  SrHD  ei>  ArtiOACN  iH  M1141 
Pn  Hfiu*  M-- 

10 

n       \       10 

10 

IS 

M 

X«M.... 

tu 

3  55 

ess 

iJ-SS 
18. SS 

»J  SS 
*«.5S 
S3SS 

7-99 
law 
17-99 
aa,99 
27.99 
33,99 
J5-M 

l4-*o 
19.30 
14-10 
19.30 
34-ao 
39.30 
44.« 

10. 
IS'S 
19.  s 
aa.9 
35- S 
as. 3 
S0.$ 

'S- 

19,1 

"5 

as. 4 
iS.i 
3U-S 
3".  7 

10. 

23.a 

s6.i 

»8.7 

Jl.O 

33" 
3S-9 

TUi  ubb  aawmci  ttiAt  the  tiain  ti  appioacbing  «l  a  unifonn  spcnl,  ami  ihal  Ihe 
bcoaottfc  contiBim  lo  mn  ih*  ataar  anifoim  puwn  iii  puune  ihe  ui*.  Tlic  oileiilal 
■dnjlr  vn  iIhq  be  iBuffied  i/ln  putlni;  il. 

Ilttoe  i>  en  «icoj  of  aoclciaimg  oi  rcUntlni;  force  In  *pfirtMching  the  aa^,  buth  ihe 
■(■d  n  lh«  txXKxB  ot  the  14  and  Itw  tpred  alter  piulnK  >>  will  b*  coimpcindinGly 
^tta  a  tomr  thaa  tin  ipwJ  of  approadi,  but  tlie  table  will  di>I  be  tntatlAlly  modllied. 


The  manner  of  computing  Table  121  xhould  be  carefully  studied.  It 
be  seen  how  little  the  speed  of  upproacli  nfTectn  the  resulting  speed 
i!ie  bottom  o4  a  »a{[  in  Krade-linc  o\  uny  considerable  dcpih.  Twice 
■ieipeed  of  approacli.  2o  miles  per  tiour  instead  of  10.  inercHsm  the 
ip«d  in  tbc  bwUow  only  some  ij  per  cunt,  or  4i  miles  per  hour.  It  will 
iho  be  seen  howf  companilivcly  sIirIu  is  tiie  effect  of  increuicd  depth  o( 
Ng.  A  lo-(t.  sag  increases  10  miles  per  hour  tu  to.  but  it  tjikcx  20  ft. 
BOre.  Or  a  JO  (i.  sMg  in  all,  to  increase  the  10  miles  per  hour  to  30.  At  a 
•peed  of  approach  o(  10  milc^s  per  hour  a  lo-ti.  sag  increases  the  ttpeed 
(.1  nllea  per  hour ;  the  next  10  ft.  (20  ft.  in  all)  only  4.9  miles  per  hour, 
ad  the  ncii  10  ft.  only  4.3  miles  per  hour. 

439.  The  table  )ikewi»r  shows  in  part  (for  fuller  caplanailnn  see 
Chap.  XVIII.)  why  a  very  slight  break  upwards  from  a  long  continuous 
grade-line  >s  so  very  much  more  injuriouK  thun  c\'cn  a  contidcrablc  drop 
below  it.  Sags  even  of  30  fi.  will  not  produce  an  absoluicly  dangerous 
speed,  but  a  rise  ol  even  3)  ft.  above  a  grade-line  wll!  bring  a  train  mov* 


I    JO 


Ing  at  lo  mile)  per  hour  to  k  stop.  Of  a  train  moving  at  i  j  miles  per  hour^ 
lo  a  speed  of  11.2  miles  per  lioui.  H 

440.  The  highest  frcight-uain  speed  which  can  be  rcganicd  u  ' 
renson.ibly  safe  and  practical  at  t.ivor;ibk  point*  is  about  30  miles  per 
hour.  Such  upccdt  »re  ordinarily  far  less  objectionable  on  long  straight 
grades  than  on  undulntinj;  ^ntlcx.  for  thi;  reaxoii  that  the  true  nbjeciion 
to  high  freight  ^pceilit  (within  reason)  in  not  the  speed  itself,  but  abrupt 
alterations  uf  xpeed.  With  Iuhk  and  easy  vertical  curves  {usuiilly  want- 
Idk),  and  with  breaks  of  grnii:  su  designed  that  their  depth  will  not  give 
a  dangerouf  m.ixiinuiii  speed  i(  they  are  operated  as  viitual  continuous 
grades,  by  making  im  change  in  the  work  done  by  the  locomotive  but 
permitting  its  excess  of  work  to  take  the  form  o(  velocity,  speeds  ol  ^ 
miles  per  hour  for  the  niomcnl  only  on  f;ood  alignment  cannot  be  COit^ 
sidered  as  in  the  least  objectionable,  and  are  very  common  in  prese 
practice,  and  likely  to  become  more  so.     (See  par.  444.) 

If  we  assume  30  miles  per  hour  as  a  niaiimum  speed  at  certain  favo 
ably  situated  puints  where  considerable  speed  ia  desirable,  it  remits  (see 
Tabic  111)  that  tags  nf  20  or  c^'cn  30  (t.  from  a  jfrade-Iine.  according  to 
the  speed  of  approach,  may  be  operated  as  a  virtual  continuous  grade.    ■ 

441.  We  tkkrefore  conclude  that,  as  a  general  rule,  biit^ 
with  a  number  of  modifying  special  conditions,  a  sag  of  not 
exceeding  30  ft.  in  vertic;il  tlejuh  from  Ihc  main  grade-line,  if 
cased  off  by  a  long  and  easy  vertical  curve  in  the  hollow,  will 
not  require  any  slacking  up  or  vsriaiion  in  steam-power,  and 
ibat,  if  it  does  not.  it  is  entirely  innocuous,  except  for  the  greater 
wear  and  tear  which  may  result  from  thchighcrspced.  'I'baiex:. 
pcnsc  we  will  estimate  in  par.  451  etuf. 

449.  //  Iht  tag  be  dttf/tr  than  to  ft.,  and  sometimes  if  it  be  consider- 
aWy  less  than  20  ft.,  we  have  a  nir>rc  objectionable  class  of  rise  and  (all 
(Class  B,  pan.  367  and  4$i).  It  will  then  be  necessary  cither  to  put  on 
brakes  (which  is  really  the  best  practice)  or  to  merely  shut  off  steam  and 
"  pull  out"  agam  at  the  foot  of  the  grade,  which  is  the  too  comnion  pmc- 
lloe. 

It  It  En  this  latter  kind  of  sags,  especially  if  they  have  no  adequate 
apology  for  a  vertical  curve,  that  must  of  ihe  draw-hejds  arc  pulled  out 
and  trains  broken  m  two.  in  the  way  explained  In  par.  4iS-43r.  In  pan 
this  is  avoidable  by  care  in  running.  Nevertheless,  with  the  greatest 
practicable  care,  it  is  not  possible  to  prevent  frequent  serious  jerk*  to 
trains  in  sags  of  considerable  deplli,  which  will  sometimes  break  them 
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tetm.  Such  satgA.  llicrelorc,  become  niuri:  and  mure  c>l)j«:tiunal>le  aa 
ilm  i!Kfi.ii«!  in  depilt.rvci)  when  it  is  not  nectasaiy  t«  uw  any  brakes 

443.  TA^  fiitiHf  at  ivhiek  it  (srtaiHly  iecamei  luititary  lu  appfy  traihi, 
Mil  conMqucnily  ilic  point  at  whicli  ihc  cost  of  rise  andlHll  is  materially 
iKtoMd  (Class  C.  p»r«.  367  and  4^1).  varies  in  partwiili  the  rate  of  grade, 
■■I  luy  be  determined  an  follows  : 

Tilt  Knutes  of  r<.-{MMi:  for  vitrinus  »pccds,  i.e.,  the  grades  on  whicli  ihc 
*:ctlcnuing  force  of  )[ravity  j11.11  Miflices  of  itself  to  keep  the  train  in 
ntxton  U  tbegiveiispeed  without  assistunce  from  the  enKine  and  without 
<>Uer  ^in  ur  lo»s  uf  velocity,  ;iie  about  as  giveti  in  T:iblc  1 20.  pi>)te  3;8. 

Itfollowa  from  Table  i30t  tliat  if  the  iidmissible  limtlof  speed  on  any 
pm<t  tile  hoc  be  giicn.  any  Kr.iile,  liowtver  long,  en  a  raU  ne/  txcted' 
ixg  Ikt  grade  !•/ repesf /••riAtit  sptej.  may  be  of  inrlulinile  IcnKth  without 
tnr  nrquiriiig  ilic  use  of  brakes,  because  all  that  is  iM'CeMur>'  is  to  shut 

^«flltcttltl  at  iht  t'>pof  the  gra^lu  A,  Fig.  83;  when  the  train,  in  descend- 
n<K  l^c  grade,  will  of  itself  eilhcr  acquire  or  lose  velocity  until  it  attains 


Pic.  I(. 

.  fW  dMHd  line  (hovv  .- - 

"•  ■«tMl  tin>lr-liM  o*  a  *' 

'••*'  ■Uilini  if""  Ihr  •"!•  "'  'll«  hill  *illl  »  "imll  «- 
k^r  kfih-tt  i-iaitii.-iElT  innr\bi#t  until  tl  brri»mr>  a> 
pntuitiriccdrratHm  i,(  Eiailly  !■>  »l'lf  '"  mj-inUin. 
"J^ikmiHdi  AB  (he  ip«o  »nil  itiirtancf  are  unill. 
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*W*»wdbM«  B  tcpr&snti  tlic  vrtilcal  rantKi  i^JIkI  in  'h*  t"'"  ••  vrloeily.  On  lb« 
•■•I  Unith  IW  TT«i»un«  ii.  Iiittiitr,  limuuc  ..(  Uic  higlirr  *p«>l,  but  llicre  t»  ctllt  an  <x- 
J^"' mrinMiiu.  S^tmhiiii-  ni-il  ntnUli-  biil  ■>  llm  inl>i.incr  y.mvi>,  lilchci  uul 
•Vn  •iihcach  Inorrasr  o(  i-tlocjlj  th«r  Ii«m-Jtil»  trim***  ;«iiii  "hctr  \i\v  imbUiic* 
*i'*alnMiottbabncctath  oilier,  m cItiii  ba  Tabic  i3» 

ilw  telociiy  at  which  the  accelerating  force  prccinelv  bal.iticcs  the  rolling 
fsisUnce.  This  grade  will  be  seen  to  be  very  high  for  f.isl  pa^ssenger- 
•**«  speeds,  s*!  that  there  tan  rarely  or  never  be  necessity  (or  the  u.se  of 
^fiiei  00  descending  Kradcs  of  less  thiin  1  per  cent  iji.S  ft.  per  mile)  in 
ordiiury  pusscnger  wrvice.  merely  to  avoid  cxceN*ive  s[ice(J  due  to  the 
PWimti  ihcmselvcs.  L'sually.  however,  heavy  gradients  arc  accoin- 
Rttio)  by  heavy  ctiivaiure.  which  Intcer  will  often  necessitate  on  long 
Snde*  a  rate  of  speed  biit  little  higher  than  the  freight  maximum. 

The  customiiry  s}>eed  in  freight  ser»'ic«  shows  a  steady  tendency 

lu  increue  ai  point*  wliere  velocity  is  of  assbtiincc  in  liauliny  heavy 

U  w  ol  cuur>e  greatly  ailccted  by  the  character  of  tlie  line  as  lO 
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curvature,  but  the  idea  (ormcriy  prevalent  that  tlic  itiojl  eco«x>niical 
speed  tor  (reighi  Iraine  is  a  very  slow  one  has  been  pretty  thorouglily  ex 
ploded.  both  by  thcnr)-.  pr.iccicc.  and  cxpcrimtni.  Ejcper!mciii&  by  Mr. 
P.  H.  Dudley  on  the  Lake  Shore  A  Michigan  Southern  Railway  ha' 
•liovm  direaly  that  "  with  long  nnd  heavy  frej^cht  traEns  tl  required  lcti» 
fiicl  with  the  wnic  engine  to  run  trains  at  iS  toso  milrspcr  hour  than  at 
lo  to  la  mile*  per  hour."  "  This  result — as  to  ilic  substantial  orrecinesa 
of  which  there  i«  little  room  for  rioubt— is  not  diic  lo  ihc  actual  rcsist- 
ince«  to  motion  being  any  lower,  or  a»  low,  at  the  higher  xpecd.  but  tO' 
the  joint  action  of  the  following  causes  : 

1.  To  the  saving  of  power  at  undulations  of  grades,  In  the  manner 
heretofore  discussed  tii  thin  eliaptcr.  the  exir.i  velocity  »e<vicig  as  a  rvscr- 
VOif  of  power  and  so  preventing  waste  thereof. 

3,  To  the  less  time  of  exposure  of  the  IiK'imotivc  to  radiation — a  sa' 
Ing,  in  all  probabiliiy.  of  very  great  importance,     (See  par*.  344  *•/  a/.] 

3.  To  the  l&s  lime  (or  radiation  from  the  inti-ruir  surface  of  a  cylin- 
der into  the  exhaust  steam  ;  also  a  very  important  source  of  loss. 

On  the  other  hand,  evidence  presented  in  Chapter  XIII.  makes  it 
least  doubtful  if  ihc  resistance  is  more  than  a  pound  or  two  per  t< 
greater. 

44$.  Whatever  may  be  the  cause,  the  expediency  ond  economy  of  in- 
creasing freight' train  spceils.  on  fair  alignment,  up  to  30  and  e\-cn  (at 
points)  30  miles  per  hour  is  very  generally  recognized  and  acted  on  bjr 
the  more  prominent  maiiagint;  olBcent.  This  tendency  will  probably  be 
greatly  strengthened  in  the  near  future  by  (1)  the  general  adoption  o( 
some  form  of  fcci^hi-train  brake  ard  of  a  more  dunible  and  stronger 
coupler,  and  by  (1)  the  increase  in  average  car-load  and  consequent  de- 
crciue  in  number  of  freight  cars  per  train,  with  the  n^](ura!  attencbnt  in- 
creiue  of  care  in  the  construction  of  freight  cars.  On  lines  using  the 
"Speed  gauge"  the  usual  maximum  speed  specified  is  11  miles  per  hour, 
a  rate  in  all  probability  which  at  some  points  on  some  lines  has  been  ex> 
peosively  low,  and  would  have  been  still  more  so  except  that  the  grades 
at  Stations  ate  usually  the  </f-/dr/o  limiting  grades,  and  not  those  bctweea 
stations. 

446.  It  will  therefore  be  safe  in  all  otses  to  assume  a  maximu 


*Tr*n*.  Am.  Soc.  C  E..  Oct.  1676.  Tlie  eaplanailon  there  (iven  by  Mi 
Dudley,  thai  *i  ibc  higher  ipecds  '■  the  locomotive  scorns  10  ptoilucr  its  power 
more  economical  I  y  by  inline  the  stt^am  cxpniisivcly  to  a  icreaicr  extent  than  at 
•low  ipceds"  would  seen)  i[>  lie  certainly  incorrect,  except  as  the  less  time  li 
Iniemal  ridiation  may  be  supposed  to  b«  referred  to. 
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iNil^MnJn  ap«ed  of  about  ii  to  15  miles  per  hour  on  long  grades,  oor- 
R^ondiag  to  a  Knde  o(  repoie  of  »omelhiog  under  ol5  per  c«nt.  or  =6.4 
liet  per  mite:  and  ihix.  uodcr  (uvunible  circurosutnca.  for  important 
nik  may  be  usumed  to  be  Increuacd  to  nearly  jo  miles  per  hour,  corre- 
ipwUng  to  a  degree  ol  repose  ol  Mmiriliinf;  aver  a6  per  cent,  or  31  feet 
fsmik.  On  grades  not  exceeding  ihcw  limits  ibe  and  full  on  grades 
olinjr  length  wlU  not  be  likely  to  require  the  use  of  brakes,  or  to  en> 
dugtr  objectionable  "  sUck"  in  the  train,  with  the  moat  moderate  car* 
<i  nnsing. 

447.  The  point  at  which  a  grade  on  rates  exceeding  these  limits  bc- 
tiaava  loag  that  liie  use  of  brakes  will  become  nccessury  is  readily 
dnRBiaed  as  follows : 

In^B.fig.  84,  besuchagrakdeandW/fbeiheaveragcgraideof  repoic 
«Uk  nuining  the  assumed  admissible  velocity,  uy  0.4  per  cent,  (or  a 


-?-^- 


Fio-t*. 

ffluifflun  velocity  of  25  miles  per  hour,  or  o.;  per  cent  for  30  miles  per 
^'-  Ui  the  lowest  velocity  atwhicli  it  is  necesnry.  cxpcdieni,  orprob- 
■bktliu trains  will  approach  y1  be  also  determined.  It  wiil  depend  fin  ihe 
*fe»ia««f  of  the  line  back  of  A.  1(  ^  be  at  tlie  foot  of  a  long  grade,  no 
'"•»  velocity  than  the  maximum  admissible  could  safely  be  nssiimed. 
■■d  the  application  o(  brakes  would  be  immediately  necess^iry  on  reach- 
'■t'*.  If  j1  were  a  tuiion  the  initial  vclochy  would  be  O.  It  is  desira- 
i"*!!!*  the  velocity  should  be  as  low  as  possible,  but  as  enginemen  do 
Mtalrays  pay  dose  attention  to  little  mailers  of  economy  such  us  uv- 
IT  i*Klhe  use  of  brakes— specially  it  behinit  time— it  ^ould  not  be  taken 
^m  Uolcnr.     Let  ussuppoae  it  tobe  loor  ij  miles  per  hour;  then  we  have: 

H  tnItU  vt 
■  Carre* 
^1  Corres 
^ft^       mu 

■ 


tnltial  velocity  at  ^l.  10  miles  per  hour,  C  $  miles  per  hour. 

Corrcspondmi;  vctocity-head 3-S5  ft.  7.99  ft. 

Corresponding  velocity-head  at  maxi- 
mum velocity  of  15  miles  per  hour.  21.30  "  22-t»  " 


Difference liAi  - 


i+ai 


372      CHAP.  IX.~RISE  AND  FALL— LIMITS  OF  CLASSES. 


wliicb  Ulier  is  the  vrrticnt  distance  D,  Fig.  84.  which  the  grade  will  have 
to  fdll  itlffo)  lAe grade  0/  rffieie  \xlaK  Uic  iruin  will  acquire  the  maximum 
adniissibk  velocity. 

This  being  (fiven,  it  is  «  simple  matter  to  compute  (he  borixontal  dl»* 
tancc  At/  and  tlic  corrca ponding  vcnical  (all  /)  +  V.  In  ihc  above 
euinplc,  ilic  excess  of  the  actiml  grade  over  the  assumed  04  grade  of 

lepoM  beinft  0.6  per  cent,  we  find  Z>  +  /?'  to  be  "rip*  =  3'-i  sUtloia  tor 

■4.21 
an  initial  speed  of  10  miles  per  hour  and  ~^-g-  =  13.7  stations  for  an  in* 

itial  speed  of  1  %  miles  per  hour.  In  this  manner  we  may  construct  Table 
121. 

448.  Any  grade.  8t  any  given  rate  whatever,  which  does  not  esceed 
h)  length  and  vertical  rise  (he  limits  of  Table  1:1  can  be  operated  in  the 
roatine  of  freight  scn'icr  witlioul  the  use  of  brakes  (the  cost  o(  such  ri»e 
nod  iall  being,  consequcnlly.  vcr>-  much  less)  provided  that  there  be  no 
exceMive  curvature  or  oihcr  special  cause  near  rhc  foot  ol  the  grade  to 
nquire  especially  low  speed  at  that  point.    Ordinary  curvature,  « iih  a 
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Dmrji»<.-K  wmitK  wii:cii  tiik  VBLoarv  of  Trains  dkickkpikc  Vakioci 
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Tablk  Wi.—Ctntinutd. 

T«fU  VuncAL  Fall  in  Ferr  viou  Tor  or  GkAi>K  to  Point  wiiuib  tm« 

ADUimtLB  MaXIUL'U   VKUKITV  IK  ATTAIMIO.  AS  AROVE. 
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TImd  iIk  uiimJ  me  of  £Ti<ic.  Ins  Ihc  ciiidr  <>[  rrpwe.  civfs  Ihf  fait  prt  lUIioa  ukKb 
t"»  la  iDcmuc  t!ie  vclocll) .  ind  ihe  "  (Ijlf«tnc«"  »boi«.  dl'idtd  by  ihf  lorplui  lall  |i« 
'"'^Mi,  Ehcs  iba  eumtKt  ii(  lUlioni  williin  whirji  Iht  prrmitlpd  maiiiniiiii  lelixiiir  will 
'*  wt4Uitit,  w  In  the  Unl  Fon  of  the  tabic  ;>b<)ve.  Ti\r  nuinbtr  of  tutions  x  nl*  el 
C^  pv  (cni  sjnt*  lilt  •««>ihI  pm  of  ilie  mUc. 


"Md-beri  in  good  condicion.  can  be  operated  tiy  all  trains  with  almost  as 
Blot  ufctr  at  IS  '"  y^  miles  per  hour  as  at  any  lower  »peed.  if  the  ."pcrd 
<fcci  not  require  to  be  suddenly  checked.  In  ascendin{[  auch  a  K'^*'^ 
the  tame  conditions  obtain  ss  ii)  descending,  except  (1)  that  the  locomo- 
itKatcendt  Ihe  gtadc  using  BCcam,  whereas  it  descends  without  steam  ; 
iad  (j)  tital  it  Marts  or  may  start  with  the  htah  velocity  which  gradually 
decrease*  instead  of  with  the  low  velocity  which  gradually  Increasiea. 
Ve  are  not  now  considcnng  the  effect  of  limiting  gradient*,  which  is  aii 
eniireJy  difiereni  maiter,  hui  assuminf;  th.-tt  the  tDComoiivc  has  sufficient 
power  to  ascend  all  crades  at  necessary  speeds,  as  of  <r<nirsc  in  all  e;ises 
)l  miML     The  cost  of  decreasing  the  IcnRth  and  increaKine  the  number 

^  (Strains  to  eficci  this  end.  which  constitutes  the  chief  objection  to  gradi- 

HcaUk  is  001  iKiw  under  coostdcrstion  at  alL 
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449.  Summarizing  thk  pKxctniNU  stscussiOH  of  (he  natur 
of  rise  and  fall,  wc  liave  found  iliiit  ii  may  b«  divided  Into  ttie 
following  classes,  having  a    very  different  effect  on  u|>cratln| 
expenses : 

Class  A.  Rise  and  fat)  on  minor  gradients  and  for  small  ui 
duUlions.  not  sufficient  to  make  it  necessary  to  vary  the  power 
of  the  engine,  but  merely  causing  a   momentary,  gradual,  an^^ 
unobjectionable  fluctuation  uf  speed.  ^^ 

Class  B    Rise  and  fall  similar  to  class  A,  in  its  effect  in  speed, 
provided  steam  be  shut  off  in  desceudtng,  but  not  requiring  the 
use  of  brakes  in  descendiiig.  nor  seriously  taxing  the  power  of  th^| 
engine  on  the  ascent.    Tables  i2i-s  give  ihe  limits  of  ibis  class.^^ 

Class  C.  Rise  and  full  requiring  the  use  of  brakes  in  descend- 
ing, in  iiddiiiuti  tu  shutliiig  oH  steam,  in  order  to  avoid  exces* 
(ivc  velocities,  and  cunscqucntly,  in  almost  all  cases,  more  or 
less  use  of  s<ind  in  ascending, 

450.  Rise  and  full  is  most  conveniently  estimated  by  the 
number  of  vertical  rttn  of  it.  since  the  cost  of  it  (which  in. 
eludes  no  limiting  effect  on  trains)  depends  primarily  on  the 
lengih  nf  grades  and  not  at  all  on  their  rate,  except  ns  the  rate 
may  change  the  rise  and  fall  from  one  lo  the  other  of  the  above 
classes,  A  foot  of  "rise  and  fait"  is  ordinarily  considered  as 
one  foot  of  ascent  with  its  corresponding  foot  of  descent,  so  that 
in  passing  over  a  liill  too  feet  high  Ihci-e  arc  lOo  feet  of  rise  and 
fall,  and  not  loo  feet  ascending  -f-  too  feet  descending  =  loo  feet. 

4&I.  The  amount  of  rise  and  fall  of  each  kind  on  the  profile 
sliould  be  determined  thus  : 

A.  All  rise  and  fall  arising  from  hollows  in  grade-lines  not 
exceeding  the  limits  specified  in  connection  with  Table  lai  (par. 
435  tt  ie^.).  if  the  grades  are  connected  by  e.isy  vertical  curves  and 
are  not  too  near  stations,  or  very  bad  curvature,  will  belong  to 
the  least  objectionable  class.  A.  If  the  hollows  are  sharp  and 
abrupt,  however,  even  if  quite  small,  the  rise  and  fall  will  be 
more  objectionable  than  the  worst  class  here  considered. 

B.  All  rise  and  fall  on  grades  too  long  to  come  under  Class  A, 
btit  on  rates  of  grade  so  easy  that  the  train  can  never  obtain 
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a dinKcrDuily  high  velocity  when  running  without  br;ikes  with 
tluashut  off,  will  b«toflg  lo  Cluss  B.  So  also  will  riM  und  fall 
vn  iDjr  grade,  however  sleep,  which  is  not  long  enough  for  tlie 
tnm  to  obtain  a  dangerously  high  velocity,  iki,  fixed  in  Table  laa 
Jad  par.  447  el  seg.  So  siso,  strictly  speaking,  will  the  upper 
part  u(  any  grade,  however  steep  and  however  long,  on  which 
*o  dangerously  high  velocity  can  result  according  to  Table  133  : 
(■HE  It  would  be  an  objeccionsble  refinement,  tending  loan  nndcr- 
ethmate  of  the  cost  of  bad  details  of  locution,  to  so  consider. 

C,  Clau  C,  therefore,  should  be  considered  to  include  the 
^niirc  length  of  idl  grades  ko  long  and  steep  as  to  reqnire  the 
"Se  of  brjikes  in  descending. 

The  ruling  grade  of  the  line  may  belong  lo  either  Class  B  or 
Qaass  C.  In  either  case  it  will  involve  the  occasional  use  of 
d  jind  more  or  less  slipping  of  wheels,  und  perhaps  breuking 
•I  t  wu  of  trains  in  iiscending,  and  thus  miike  an  addition  lo  the 
r»s  t  of  either  class  which  would  not  apply  to  the  same  grades  if 
tii^^  were  not  ruling  gtades,  and  hence  did  not  so  severely  tax 
^>^  power  of  the  engine. 

The  limit  of  ihe^e  classes  will  vary  in  every  case,  but  tliere  is 
^<>lerably  sharp  line  of  demarcation  between  the  cost  of  each, 
^^ich  may  be  eslimated  as  follows  : 


ti*e 


fe 


THK  COST  OP   RISK  A.VD   FALL. 

492.  Fuel.— Except  a^  wasted  by  brakes,  there  is  no  loss  of  power 
^Cncrj^).  and  except  aa  wasted  by  brakes  and  nidiacion  cnmbined,  there 
>%  no  loss  of  eitlKf  fuel  or  power,  from  any  amount  of  rise  and  fall  of 
Otas  A.  if  wc  neglect  thi-  slight  diderencc  in  fficiional  resisiaorcs  result- 
fag  ffORi  a  (so  to  speak)  regularly  irregular  speed  instead  of  from  a  uni- 
form speed  avcrasing  the  same  in  miles  per  hour.  ThI*  necessarily  fol- 
k)ws  bom  elementary  dynamk  laws.  Even  if  there  be  a  diflcrcnce  in 
the  level  of  the  two  termini,  what  power  is  lost  in  going  in  one  direction 
i>  regained  in  returning. 

When,  in  the  case  of  rise  and  fall  on  ouy  gratlients  requiring  no 
brakes  (Class  B),  we  run  a  part  of  a  distance  of  une  or  two  miles  (lh« 
iKcni)  under  steam  .and  another  part  of  it  (the  descent)  with  steam  shut 
ofi,  anisted  by  gravity  only.—or  in  other  words,  assisted  by  the  energy 


37<5 


CHAP.  IX.— RISE  AND  FALL-COST  Of. 


iocd 

% 


storetl  in  ihc  train  during  the  run  over  the  up  grade  by  th«  act  ol  lifting 
it  agiiinsi  giavity,— the  total  iime  that  tlic  locomotive  is  exposed  lo  ex- 
terior ntiliacioii  is  the  same,  unil  prubably  also  the  losso(  beat.    The  loss 
from  iiiietiur  mdiation  in  ilic  cyliiidcis,  a  very  Imponant  loaa,  «xplaiac<l_ 
in  Cliapicr  XI..  is  jtTccicd  aa  follows: 

It  i«  increased  by  the  (probable)  lower  piston  speed  in  ascending  thj 
up  Rr.idc. 

It  ia  decreased  by  tlie  (probable)  Idler  point  of  cut-oil.  and  hence  le 
OKCillitioii  of  tcnipcrat-jrc  in  the  cylinder;  the  disadvantage  of  this  latte 
very  nearly  balancing,  as  experiment  shows,  the  thcoretirni  gain  from  aa 
carhcr  point  of  cut-off.  TUis  is  to  say,  from  both  of  thc»c  causes  com- 
bined, tlie  steam  used  For  equal  work  in  the  locomotive  engine  is  about 
the  same  at  all  points  of  cut-oR  less  ihnn  half  stroke ;  wlticli  leads  to  the 
conclusion  that  the  steam  (not  fuel}  used  to  run  an  engine  two  rniles 
will  be  about  the  same  whether  the  work  is  uniform  for  the  whole  tun  or 
teall  doneduring  the  lirtt  mile  in  talcing  the  engine  up  an  easy  fcrade, 
tjown  which  it  tuiii  by  gravity  for  the  nccond  mile.  Ti>c  Ums  by  ex- 
ternal radiation  during  the  last  mile  will  be  a  net  loss.  The  fuel  u»ed 
will  probably  be  much  more  Increased,  not  only  by  possible  blowing  oJI 
of  steam  from  the  safety-valve,  but  by  blowing  out  more  unconsumed  coal 
Irom  and  wasting  more  heat  through  ihe  sniokc-siack.  owing  to  the 
•tront>er  draft.  In  Chapter  XI,  it  is  shown  ihat  in  proportion  as  the  work 
of  the  engine  is  increased,  economy  of  fuel  consumption  is  decreased. 

From  all  these  causes  rombined  a  loromotive  running  without  brake 
or  steam  down  grades  too  steep  lo  continue  (he  steam-power  unchiinged,^ 
but  not  steep  enough  or  long  enough  to  require  the  use  of  brakes,  will 
burn  probably  one  fourth  to  one  fifth  more,  and  certainly  not  over  one 
lliird  more  fuel  in  nxcending  one  mile  on  the  grade  equal  to  the  grade  of 
repose  (assumed  at  i6  (cet  per  mile,  or  o.j  per  cent),  and  then  descend- 
ing one  mile  without  cteam.  than  in  running  two  mlle-R  on  a  level.  Al- 
lowing one  third  more,  tk>  vertical  feet  of  rise  and  fall  on  such  gmdca 
will  waste  fuel  equal  to  the  average  consumption  per  mile.  ^_ 

463>  XVhtn  brakti  art  required,  owing  to  the  grade  being  either  tO(^| 
steep  or  too  long  lo  permit  of  operating  it.  without  them,  the  poner  usod 
in  ascending  is  entirely  lasX.  except  that  portion  of  it  which  is  just  suffi- 
cient to  keep  the  train  In  motion  on  ilie  grade  of  repose.  That  i*  to  nay ; 
The  rise  ami  fall  at  BC.  Fig,  S5.  consists  of  two  purts,  the  upper  pait.  B, 
belonging  to  Class  B.  and  the  lower  part  only,  C.  belonging  to  Class  C 
which  is  very  much  more  costly,  object lonahle,  and  dangerous,  tn  laying 
outa  line  this  (act  must  be  borite  in  mind :  the  lower  portion.  C.  estimated 
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u  lu  irae  ralue  and  avoiiJrd  if  poMiblc :  the  upp«t  portion,  B.  less  cure- 
UjivrOMled.  The  limit  between  classes  n  nnd  C  may  be  taken  In  round 
Ifiia  u  tl»e  Iteighl  o(  the  point  i.  Fig.  8j,  above  or  bdow  the  grade  of 

RpOK  descend ing  from  A.  ^^ __ __ 

tlih9a|li,MricUy  speaking.  .^"'"'^^^'^^^^^"e—- 

UwgniJeof  repose  should  ^„,^^  ^"""^^'"^'fts^'-    '■ 

bcdmrn  in  Btatling  from  ^''''''*-4*  **'    '>C 

I     lit  peini    o«    ihc  grade  ^^V^ 

*btK  the  limits  of  Tabic  -* 

tUMdpir.  447i>"^|»*sc<i.  "*  *' 

»thudingcn>ii»ty  high  spcird  before  reecliing  the  foot  of  the  gnule  Ik 
ctrlaK     Duiwheri  ihii  point  is  once  paswd  great  care  in  liandlinK  the 
fun  on  n  grade  where  br;ikeK  arc  known  to  be  essential  cannot  lairly 
I* Miuned,  so  that  it  is  fairer  and  more  reasonable  to  BMume  that  all 
^.      <h  bl|,  C,  Fig.  85,  vitl  be  of  the  objectionable  riass. 
^P         W)ien  an  engine  is  descending  a  grade  without  steam,  the  tnutnge  of 
^     Wl  by  radiation  and  slow  combustion  is  at  lirat  (say  for  10  or  1;  minutes) 
''^Considerable — about  one  fourth  of  ilic  usuul  consumption  per  mile. 
'^  lust  ot  fuel  on  this  most  object  ion  <)b!c  class  of  rise  and  iail  mny  be 

■  "lieii  M  equal  to  the  average  consumption  in  running  a  mile  for  every 
*  '«set  ot  rise  and  (all. 


♦a4.  Repairs  op  Cars  and  Locomotives.— The  use  of  brakes  is 

'^^^SMvely  destructive  to  wheels.     Tabic  114.  p^ic  318.  will  make  it 

'''■^r  thai  something  like  one  third  of  the  total  cost  of  wheels  arises  from 

ini*  €~aute.  and  oilier  data  that  as  much  as  forty  or  fifty  per  cent  arises 

""**»  ihem.      Brakes,  however,  arc  used  even  more  for  stopping  nnd 

tuixjt)^  than  on  grades— sometimes  very  much  more;  nnd  the  whole 

iGost  of  wheels  b  only  some  30  per  cent  of  freight-car  repairs  and  very 

'''**ch  less  of  paMcngcr  ears.     The  records  of  wheels  drawn  on  the 

■^nn^ylvanta  Railroad  indicate  (a)  that  abotii  )0  per  cent  of  passenfjer- 

I  ^'t'  wheel*  are  drawn  for  being  "  worn  flat  from  sliding,"  and  that  iheir 

We  14  (rom  this  cause  abbreviated  from  onf.  third  to  one  half,     .^bout 

"oesinh  of  the  wheels  arc  drawn  for  being  ■•worn  flat  or  hollow  on 

»c»d."  which  class  of  wear  is  distinctly  ascribed  in  the  Pennsylvania 

dcaificiition  to  "  wear  from  rail." 

If  we  should  consider  only  such  facti  as  these,  we  might  reach  the 
tDodusmn  that  the  srcar  due  to  grades  mu.it  be  a  very  important  clement 
in  ttie  cost  of  (reiff ht-ctr  rcp;iirs :  but  by  referring  to  Table  86.  pai;e  203. 
ud  remembering  that  gtadc:i  ate  only  one  of  many  causes  for  wear  and 
tear  of  cars,  we  shall  see  reasons  for  concluding  that,  while  it  is  exceed- 
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ingly  difficult,  in  fact  impossible,  to  reach  an  exact  estimate  in  such 
tnuilteras  this,  yet  thnt  it  it  not  probublc.  if  iill  grades  were  levelled  doirn 
fl^i  so  as  not  to  require  In  iiny  ciise  the  use  o(  brakes,  except  (or  stops. 
whetl  renewals  wuuld  na\  be  reduced  more  tluin  one  sixth  n<>r  car 
rcpiiint  as  a  whole  more  than  one  tenth.  The  only  item  o(  car  repairs 
oilier  ihun  llie  wliecU  allcciccl  lo  an  important  extent  is  the  cost  ul 
draw-gear  and  links  and  pins,  and  the  ]o»s  in  this  respect,  ax  we  haire 
seen  (par.  419).  uriscs  more  (rout  Lick  of  proper  vertical  curves  at  bre«! 
o[  grade  tiiaii  from  the  grades  themselves. 


Table  133. 
Vamatiow*  IK  -nw  Qualitv  op  Watsr  Supply,  Chicago.  Bobuncton  ft 

QOISCY  Railkoad. 


I 


* 


LMAun. 


Cbicajto  Division : 

Bcsl 

Worn 

Arerase 

St.  Louis  Dirision : 

Bph 

Womt 

Average 

LakeMlchlgaa 

Hudion  River 

Croloii  River,  N.  V  .... 
Loch  KMtine.  Scolland,, 


Gaunt  P(a  CtLLON. 


lEcniKlne 


■o  666 


16. 40s 

4.898 
30.17B 


11.490 


7.305 
7-177 
5. 36  J 
0.911 


Alkatiei  and 

Noa-cfutilOR 


1.365 

to.;8S 


a.8s3 

1,458 
a -449 


i.6t8 


0.636 
1.136 
1. 511 
I  333 


Lb*. 

TncnjiitaR 
Mfllcr  in  Task 

Ualiont. 


4.19 
11-33 


6-44 

i.ga 
7-M 


4-5» 


2.87 

3.83 
3. II 

0.36 


CoopAraliv*' 

tnerv«i(fna; 

Ma£1rr. 

Lake  M<cIiiE>a 


i-S 

3-9 


4 


3.S 


Incrukling  aulidt  includi*  titica,  ftaAt  of  iron  ui<l  aluinina,  ratboDiMs  of  lime 
■MgnnM.  *nd  luiptuLto  of  lime  and  nucnaia. 

The  lundtrd  unk  of  the  fovI  cuiid  1750  eiltans. 

Th*  nc>D.iiiLTt]7iUn£  mailer  may  be  |xirtly  drpci4i1«d  a*  muif  And  partly  vwchAsic 
combiDcd  wiih  ih«  scale.  AoDtdini;  Id  ihii  ubt«.  an  cB^e  oaniuminc  ihree  full  tanki 
of  «*ier  per  d>y  woulil  in  a  ueeli'i  worli  uiih  the  averacc  water  iti  Ihe  Cliicapi  Division 
aocnmutair  x\  1*>b»1  fi6  lb«.  of  incruhlAlioii-  Wilh  the  Imt  waifr  <in  Ihe  ST.  Loul* 
Divltlon  ttalien  from  Ihr  Miuimppi  a(  Bock  IiUnd)  Ihe  mult  of  a  UtnlUi  wtek'i  work 
nould  tx  only  J4H  lb*,  of  Incruilatlon.  The  difference  ihows  the  importanoi  of  (Ood 
wattit. 

The  ntei  of  Ln-h  Kairtne,  Scotland,  from  vhkh  Glaico"  drtivea  iu  tuppl)'.  Is  1 
Uic  pural  and  solieil  kncva. 
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499.  Tbe  co»t  of  loconiativc  lires  will  be  iifTectcri  in  much  the  same 
igfAnd  to  ihe  »ani«  extent  as  the  cost  of  car  whecli.  The  life  of  ihe 
_tiilcr  Is  likcwcM  unfAVorably  »f!ected  by  an  inicrmilteiit  instead  oi 
alar  demand  for  powcf,  alihough  Ihift  effect  is  siiglit  in  comparison 
'«hk  Uie  iii)ury  lulIcTcd  (ram  ihc  cooling  off  of  boilcre  ui  the  end  of  the 
trp.  firom  the  diect  of  iMd  water  and  many  other  causes  not  connected 
with  the  gradH  between  nution^  Table  I}]  s've*  an  ideji  of  how  im- 
ponwl  is  the  clioct  of  bad  waicr  on  locomotive  rettain. 

496.  It  is.  moreover,  true  of  boih  engine  and  car  repairs  that,  a> 
MCtd  in  par.  164,  when  we  search  lor  evidence  of  the  ellect  of  much 
tiRuiit  fall,  or  cuf\'aiiire.  or  (as  usually  happens)  both  together,  by 
eom^ng  the  cost  of  engine  and  car  service  per  nii!e  run  on  roa<ls  or 
iH'Aufi  having  much  and  having  little  curvature  and  rise  and  fall,  we 
(ill  to  (ind  it.  As  respectt  grade,  this  results  in  pan.  no  doubt,  from 
kvMipecd  and  more  careful  handling  on  ilictn:  but  as  ihiacosisihe 
Mnpaay  nothing  except  a  slight  delay,  we  may  fairly  regani  it  as  an 
<4iu.  10  some  extent.  In  the  fiist  edition  of  this  treatise  the  writer 
<«imitcd  the  cRcct  of  rite  and  fall  at  5  per  cent,  on  the  total  cost  of 
icpinof  engines  and  cara  per  mite,  (or  each  15  feci  p(^r  mile  I0.5  per 
<nit.  nearly)  «bich  would  amount  in  a  per  cent  gr.ides  lo  something 
o«f »  per  cent  per  mile  of  ascent  and  descent.  Taking  an  nveraKe  of 
itie  mountain  divisions  of  the  Pennsylvania  Railroad,  this  would  require 
tilt  \  diUcrence  o(  at  least  ij  per  cent  should  be  visible,  and  on  the 
Bjhiaiorc  &  Ohio  at  least  10  per  cent,  uhcieas  in  fact  no  such  difference 
spfeara  in  cither  cuve.  This  fact,  together  with  a  careful  estimate  by 
•Mnsi  vhich  c.innot  be  Eivcn  more  fully  than  above,  leads  the  writer  to 
Witrc  that  his  original  rstimacc  whs  too  hijjh  and  it  is  reduced  in  the 
<nin»te  bckw  (Table  124)  to  4  per  cent,  which  is  the  utmost  that  the 
ni^ical  evi<lence  «ccms  to  justify. 

On  Class  A  ol  rise  and  fall  there  cannot  be  considered  to  be  any 
"KUurable  increase  in  the  cost  of  rolling>sti)ck  maintenance  if  proper 
nn^al  curves  are  used.  On  Class  B  (requiring  shutting  oS  steam  for 
4eKei»din|[.  but  not  Ihe  use  nf  sand  or  brakes)  ihcrc  is  very  little— ccr- 
taittv  not  over  one  fourth  ol  what  exists  on  the  worst  class.  C. 

497.  Wear  of  Rails.— The  eflcci  of  grades  on  the  wear  of  rails  U 
taggc^atcd  in  popular  belief  for  want  of  a  proper  distinction  between 
the  effect  of  a  heavy  ruling  grade,  which  increases  the  number  of  trains 
and  the  {>roportion  of  engine  tonnage,  and  the  ellcct  o(  rise  and  fall 
tiaply.  00  which  the  number  of  trams  and  proportion  of  engine  tonnage 
b  the  same  as  on  adjacent  sections  of  level  track.    Thus,  in  an  able  and 
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elaborate  report  on  the  wnr  of  rails  on  the  Pennsylvania  Railroid,^ 
already  quotcrt,  an  increase  o(  some  7;  per  cent  In  the  wear  at  niib  oit 
grades  oi-cr  whkh  slmo^t  three  timet  us  many  engines  pass  as  oil  ad- 
jacent sections  of  level  track  was  ascribed  lo  the  clTert  of  grades  as  such, 
wbrrciis  it  i*  in  reiiliiy  merely  nn  expression  of  the  rict  that  an  eiikfine 
H'c^rs  the  rails  *evcral  tiinc^  iis  much  as  the  «biiic  weight  n[  cars  (par. 
1 1  J).     In  so  ii*T  as  this  is  llie  cauie  of  extra  we^r  of  rails  it  it  an  cArc 
arising  from  tile  LIMITING  cHecl  of  gradients,  and  not  at  all  an  inhcrciiC] 
pco[>erty  of  gradients  as  such. 

When  we  eliminate  ibis  extraneous  quenion  we  arc  driven  to  the' 
conclutiioti  ilut  Ihu  wear  of  rails  due  to  gradients  ax  such  ii  almost  nil, 
except  m  Dieir  r»te  nmy  be  lucli  to  requiie  tlie  um  of  brakcti  iwd  sand. 
Tlic  use  of  Mild  is  exceedingly  desirunive  to  rails.  The  writer  found 
thai  at  specially  exposed  localities  (near  stations  for  the  most  part),  where 
the  use  of  both  brakes  and  sand  was  usual,  the  u-ear  as  nica^itired  by  lotis 
of  weight  was  increased  some  75  per  cent ;  but  loss  of  weii;ht  alone  is  »a 
unfair  criterion,  since  the  we^r  at  joints  is  a  very  important  factor  in  the 
life  of  rails,  and  often  requires  their  removal  before  tiicyarc  fully  worn 
out.  Such  extreme  use  of  cither  brakes  or  land,  moreover,  is  w^  1 
common  on  any  grade  as  at  the  points  covered  by  the  writer's  testa. 

456.  In  the  fust  edition  of  this  treatise,  a  considerable  body  of 
tisticti  being  presented  and  discussed  to  which  it  appears  unnecewtary  tol 
again  give  space,  the  writer  estimated  that  the  wear  of  iron  rails  was  in-^ 
creased  not  over  5  j>er  cent  per  is  vertical  feet  of  rising  grade  and  the 
same  on  the  corresponding  descent,  or  10  per  cent  for  each  25  feet  of 
rise  and  fall,  making,  on  a  1  per  cent  grade  (106  feet  per  mile)  a  dilTer- 
ence  of  20  per  cent  in  the  aggregate  of  this  item  on  boUi  the  ascent  and^^ 
corresponding  descent.  He  sees  no  reason  to  believe  that  this  estiniai^H 
is  materially  in  error  in  cither  direction  (unless  In  excess)  as  me-jsuring 
the  effect  of  gradients  pure  and  simple,  wilhonl  medifitalien  iit  the  rium- 
ifr  tif  tngintj  ustJ /or  a  givfH  numb^  «/  cart,  and  this  I  alter  occtirs  only 
on  the  worst  class  of  rise  and  tall,  C.  For  that  class,  a  proper  estlm;ite^ 
for  iron  rails  might  be  expected  to  still  hold  good  (or  steel,  since  the 
proportion  of  the  grade  wear  to  the  level  wear  has  not  Iwrn  greatly  a(-^ 
fecicd  liy  the  introduction  of  aleel  on  such  steep  grade*,  where  f  peed  is 
slow.  ^H 

On  CUsK  A  there  is  certainly  no  direct  evidence  that  the  wear  of  rnits^l 
is  affected  at  all.  with  steel  rails.     With  iron  rails,  which  failed  enmity 
from  lamination  and  which  speedily  wore  to  an  irregular  surface  on  top, 
on  which  any  con^iidcrnble  incrciisc  of  speed  caused  greatly  increasad ' 
wear  an<l  tear,  the  ca;ie  was  different. 
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GiM  n  nt  rise  anil  (all  likewise  has  IllUe  eflect  to  iiicreiue  rail  u-iMr. 
bai«it  is  apt  to  cause  a  sixncwhai  high  vdocity  in  tl>c  hollows,  ii  un- 
ilMlwdl|r  has  some  ill  cfTeci:  possibly  nboui  one  halt  as  much  aaClauC. 

(S9.  Maintknanci:  nv  Roau-bkd  anu  Track.— In  the  (oraier 
t&!.iM  ol  ihU  tfcntise  the  co«t  of  ih<«e  )tcin«  iras  cstiniaicd  as  Increased 
iGulMiut  the  wmc  mtio  ax  the  rail  wear,  viz.,  s  per  cent  (or  each  35  leci 
ya  nilc  (o.;  per  cent  nearly)  of  rise  and  ai«  much  for  thccorresporidinf; 
bit  A  IJlir-ral  uatimale  in  lucli  a  matter  U  proper,  and  wc  inny  continue 
IIh  luriner  exttniale  for  Class  C.  atthou};h  it  is  probably  aomcwhat  too 
i<Sh  (iir  avetitf[e  conditions. 

Ihi  Clats  A  uihJ  Class  B  the  dUadvanuges  and  advantajces  lA  th« 
m^  ouy  be  lairly  considered  to  1»tancc  each  other  as  respects  nwin- 
iniiim  o(  iwul-lied  and  ttack.  A  gtcat  cumpcnsuclii^  advantage  from 
■iitende.  besides  (he  lower  speed,  is  the  more  perfect  drainage,  k'^viik 
ifirmcr  road-bed  and  prolonging  the  life  of  tic«  and  ballast  as  well  ais 
[arKirinf;  the  surface.  Level  cuts  arc  always  very  object >ona1>lc.  as  lus 
Inn  rcdiscov(:rcd  many  times  since  one  of  the  early  English  cnj{i(ieeis 
bM  uul  one  several  miles  long,  which  causcil  ininicnsc  difficulty  fatid 
KiUcuMcs  it).  *cver.il  costly  tunnel  culverts  hiiving  to  be  driven  lo  drain 
*■  Grades  of  any  moment  arc  usually  situated  in  coniparativcly  ruKKcd 
utdillinuU  regions,  and  llic  increased  expense  arising  (rum  that  cause 
b  rtry  apt  to  be  erroneously  asciibcd  to  the  cficci  of  the  Kntdients 
thtnutlves..  Creeping  ol  rails  is  an  annoying  cfTcct  due  in  part  to  jcra* 
<^U,  but  tins  been  largely  done  away  with  in  recent  ycjirs  by  improved 
tonnt  of  joints. 

460.  Train  WAiibv— h  is  quite  conceivable  thai  one  or  more  add!- 
•Wal  brakemen  may  be  rcquiwd  on  a  line  of  much  nst  and  (all,  yci  it 
*i*il  ordinarily  be  <\aHe  improper  to  include  this  as  one  of  the  ex- 
perts arising  from  it,  (or  this  reason:  Whether  or  not  such  additional 
km  wifl  be  required  is  usually  dctcmiincd  by  the  general  character  o( 
tbe  line  beyond  hope  of  change  by  the  engineer.  In  comparing  two 
ndiially  dilfcrcnt  lines,  it  might  be  an  clement  worthy  of  consideration, 
lul  tbc  slight  modifications  which  nrr  ordin^irily  ulone  pubsibie  oin 
Wely  be  sufBcicnl  to  in  themselves  make  any  liiffrrcncc  in  this  respect. 

461.  Station.  Tkhminai.,  ASD  Gknerai,  ICxpi-XSP-s  as  ivcll  as  train 
nges  and  a  larse  proportion  of  the  other  runiiint;  expenses,  cannot  be 
ODnsidered  a*  affected  to  any  appreciable  extent  by  any  changes  in  rise 
nil  tall  not  oi  the  most  radical  and  extensive  nature. 

463.  From  all  that  has  preceded  n-c  may  deduce  that  no  lead- 
•ng  item  oi  railway  expenditure  U  largely  aHecied  by  rise  and 
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full '  in  itself,  and  very  many  of  them  not  at  all  affected,     li 
Table  134  appears  a  detailed  summary  uf  the  aggregate  cfTect 
to  increase  expenses  of  ench  of  the  three  claisex  of  rise  and  fall,^! 
A,  B,  and  C:  V 

A.  Not  requiring  shutting  oS  steam  nor  change  in  the  naturalfl 
velocity,  nor  use  of  brakes  or  sand.    (Sec  foot-note  to  Table  1 34.) 

B.  Requiring  shutting  off  steam  at  the  head  of  the  griide,  buL 
sot  use  of  brakes  or  sand. 

C.  Requiring  use  of  both  brakes  and  &and. 
463.  The  summary  of  the  cost  per  year  of  a  foot  o(  rise  an 

fall  at  the  foot  of  Table  114  shows  its  cost  to  be — 

Oh  C.  CIw  B.  Cub  i 

Co«t  on  minor  gradients $3  67  So  R4  $0 

Cost  on  ruling  gradients 3  5°  '  ^7  ^ 

Addition  to  cost  of  same  amount  of  rise  ^ 

and  fall  if  on  ruling  gradient 0  83  o  S3  ^^^H 

These  sums,  divided  by  the  rate  of  interest  on  capital,  what^f 
ever  it  may  be,  will  give  the  jt-sT!Ki.4BLE  EXPEXDiTfRE  per 
DAILV  TRAi.v  to  avoid  one  foot  of  rise  and  fall.  Thu^  if  capital 
cost  6  per  cent,  the  justifiable  expenditure  per  daily  train  t» 
avoid  loo  feet  of  rise  and  fall  (i.e.,  100  Icet  up,  with  the  corre- 
sponding 100  feet  down)  will  be  for  each  class, — multiplying  the 
above  sums  by  100  and  dividing  by  0.06, —  ^| 

Clui  C.  Ow  B.        a>n  A. 

If  on  minor  gradients $4-450  $1,400        $467 

If  on  a  ruling  gradient St^ii  '•7^3        ^~~^ 

To  reduce  thi.-  ruling  to  a  minor  gradi-  ^| 

ent  (leaving  the  ruling  gradient  else-  ^| 

where  unchanged) '>3^3  i>3^3        ^^~ 

It  woul^  be  impossible,  however,  that  there  should  be  a*> 
much  as  too  feet  of  rise  and  fall  of  Class  A  at  any  one  point, 
since  if  there  were  so  much,  or  even  half  or  one  quarter  so  much, 
it  could  not  belong  to  Class  A.  The  value  given  (or  rcduotioa 
of  a  ruling  to  a  minor  gradient  refers,  of  course,  merely  to  the- 
DIRECT  saving  of  wear  and  tear  by  having  liic  grade  easier,  ami 
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Tahlk  124. 
EsmiTiD  CoiT  Pes  Tiiain>Milk  aho  Per  Daii.v  Traitc  or  16,4  Fxbt  or 
THK  Various  Clasi>:&  or  Ri&e  and  Falu 
{Cost  of  iraiii-milc  jusurimI  at  Ji.oo.) 


ma. 


riMi 

Wun,  di  And  wasM 

Btwln  of  <nf  in«s 

I'lKbiftl-enginc  tervkc. 

Iitia  >•(!««  and  (upplie*. 

Kfr«na(  CAT* 

<Jra<lcig« 

It**tnli  o[  rail! 

IdJMiBftiack 

>nnMgii«* 

Eintmrlc,  batlMi,  etc 

Vtnliand  uniciures 

tuiiM  knd  general 


Total. 


Total 
Cunof 

licm. 


7.6 
1.1 

S.6 

S-a 

15.4 

10.0 

>.o 
*.o 

6.0 
3.0 

4-0 
8.0 

30.0 


100. o 


feci  of  tnv  Ai^d  litti 

btlona:.ni(  i»— 
Clui  C.      Claa  B. 


Om  p«r  tfaiti'inOc 
of  <a.«  left  a  I  TIK 
anil  lul  bclengins 

Claat  C."^Cla.«  B. 


100 


p.  (I. 

SO  10 

4-0  I.O 

Un»Cf«cled. 

4-0  i.o 

UiiAlIecicd. 
10,0  5.0 

S-O  0.0 

5.0  o.u 

S-o  0,0 

UnalTcciei). 


9-7 


3,0 


7.6 
O.Q 
0.33 


0.4 

C.3 
0.3 

CIS 
0.3 


p.«. 

»-SJ 

0.34 
0.06 


o.io 

o.to 
0.00 
0.00 
0.00 


9.67        3.<*j 


PttPoDiot  RiMADd  Fall j66 

I^  Fool  o(  Ri«o  and  Fall  per  Etaily  Train  {round  (rip). - •  t't'T 


.11$ 


'r  tlill  Rma  AKI>  FaU,  RK  ok  THK  MaxiMi'H  ChauR,  whether  on  Clara  B  or 
^*mC.  ibc  scar  and  War  of  n>Uini;-«tocli  aod  track  will  be  10  iticrrawd  ai  la  add  al 
■•■I  JO  cona  per  train-mile  10  ihc  com  of  J64  (eel  of  rite  ind  fail,  giving  us  the  (ollow- 

^oonruan: 

f.  CtanC.    CluaB. 

"-•W  pir  fUllT  iiaio  per  fool  ei  rise  and  fill  on  Minok  GKanicKTs,  «i 

.  .  •bow. Jj-frj       $0.84 

^'*MUCBa  10  <al  ot  (hs  URir  E'Adt  if  a  Rt/Ltlco  tinAPlrJJT  dua  to  tho 

wforand  leu  <m  nilini;  cradifritt, 0.83  ot^; 

I  Ibc  <o(t  per  dAity  it«ia  per  foot  of  rise  and  fall  on  Kl'limo 
iKAiMKim, Sjio       S1.67 


— ,  FatI  ^  Kit*  ami  FaU  owuia  •  (OOI  of  aicnll  with  its  corrnpondini;  discent 

Ctjua  A  or  RtW  AKD  FaU.  U  noi  included  in  Ihit  lafclr,  bmuw.  at  will  he  sran 
■rnm  the  {■vckHbc  disnujon  nf  the  dct.-iils  of  pi)M-nm,  no  eipenie  can  be  dirr<ily  iraoni 
^  U  in  OUT  sincle  tlem.  In  conildenni;  this  apparcnUy  doubtful  conciuslon  the  strict 
ItwHalta—  laid  down  for  the  (lasa  in  |ut.  4,15  '/  Jf.  ate  to  be  renirnibmd.  Mun>n»r, 
Ulk0D|^  Uip  rflocl  110  npf  nam  of  rirc  aiul  fall  »{ thii  class  i*  >o  small  ai  to  defy  trparalF 
Mtimalion  bf  ilema,  rel  as  it  cante*  some  ratialion  in  the  velocity  of  the  tiAin  theie  niiisi 
Wctmidcred  in  be  some  diadrantagc  arlilriE  from  luch  rii*  and  fall  Uxt  thi«  cauM  al»r». 
and  it  Bill  t«ad  to  BOWfious  cnof  loaauinc  its  ruil  at  mt/eurlk  ttant  Ikirdtkt  tsti  t^ 
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not  at  all  10  the  much  greater  vahic  which  results  from  reducing 
all  niling  grades  throughout  the  line,  so  that  the  length  of 
trains  c:in  be  increased. 

4«4.  Tlic  above  values  arc  to  be  further  muitipUed  by  the 
estimated  number  of  trains  per  day  (round  trip).  Thus,  if  there 
are  expected  to  be  10  trains  per  day  each  way,  the  vakic  of  sub- 
stituting a  level  for  a  hill  too  feet  high  becomes  $14,000  to 
$44,500  for  minor  gradients,  and  $37,830  to  $58,330  for  ruling 
gradients— which  ate  very  considerable  sums  if  we  remember 
that  ihcy  arc  quite  apart  from  all  limiting  effect  of  the  gradi- 
ents. The  value  uf  changing  the  rise  and  fall  from  Class  C  lu 
Class  D  is  nearly  $30,000.  and  of  reducing  a  ruling  gradient  to  a 
minor  gradient  without  changing  ilic  class,  nearly  $t4,ooQ. 

469.  In  ths  firtt  tditlon  a(  this  ttrAiU*  the  eon  o(  rite  and  (all  on  all  gradet 
vA  over  40  l««t  ptr  mile  wa«  (uuod  lu  be — 

On    1 21       f«ei  perm  lie  (about        o.as)Rrades (■  a| 

"     as  (    ■■  as  )      ■■     t  S* 

"     3i  (    '■  0.J)      ■■     !«; 

"     40>oso •    {    "o.Stoi.o)      "     9  OS 

"80  ......(    ..  ,_5  J      .-     3  ^ 

■•   "S  (   "  8.5  )      "     940 

Tbe  wrj(«r  hai  be«a  forced  lo  the  conclusion  ihat  these  cMlmaie*  were  (oa 
•mall  lo  br  on  ihc  tale  tide.  and.  deiplie  the  (act  ihai  the  tlc«l  rntl  and  other 
mechanical  beltennintt  have  nialcrialljr  rrduceij  Ihc  disaii vantage*  ol  rue  and 
bil,  hns  inereoird  its  eitimucd  co*i  a*  above. 

466.  !:  will  be  clear  from  all  that  has  preceded  In  this  chapter 
that  mc  disadvantages  of  rise  and  fall  are  measured  more  truly 
by  the  number  of  breaks  of  grade  than  by  the  actual  amount 
of  it  in  vertical  feet,  except  on  the  worst  class  of  all,  C.  on  which 
both  brakes  and  sand  have  to  be  constantly  used.  Even  on  the 
heaviest  grades  this  is  in  a  measure  true.  Thus,  the  long  1  per 
cent  grade  in  Fig.  86,  belonging  to  Class  C,  will  be  considerably 
more  objectionable  to  operate  than  a  corresponding  easy  grade 
belonging  to  Class  A  or  B  of  rise  and  fall,  as  the  0.5  continuous 
grade  in  Fig.  Sii;  but  the  breaking  up  of  the  1  per  cent  grade 
at  frec|uent  intervals  by  stretches  of  lighter  gnide,  so  that  the 
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descent  is  made  half  on  one  grade  and  half  on  the  other,  so  far 
from  decreasing  the  aggregate  cost  of  the  gi'ade  over  the  straight 


Fic.  86. 

!  per  cent,  will  in  fact  make  it  considerably  more  expensive  to 

operate. 

W,  Again,  1000  feet  of  rise  and  fall  concentrated  on  a  single 
grade  is  not  nearly  so  expensive  in  wear  and  tear  as  when  the 
Mme  amount  of  it  is  scattered  around  in  a  dozen  or  more  shorter 
and  ftidely  scattered  grades  of  the  same  rate  and  class  (par, 
■;6;|.  If  its  class  is  changed  by  such  breaking  up  the  case  is 
flifferent.  Thus,  the  least  objectionable  class.  A,  of  rise  and  fall 
can  only  exist  when  there  is  very  little  at  one  point. 

488.  We  have  seen  (par.  414  el  stq.)  that  long  and  easy  verti- 
cal curves,  properly  used,  very  largely  obviate  the  disadvantages 
of  every  class  of  rise  and  fall,  however  much  broken  up  into 
short  sections;  in  fact,  properly  used,  they  forbid  the  breaking 
il  up  into  over-short  sections, 

II  is  so  extremely  important  that  vertical  curves  should  be 
sufficiently  long  and  should  be  properly  put  in,  that  we  may 
anticipate  here,  from  the  field-book  which  follows  this  volume, 
some  notes  as  to  the  proper  manner  of  putting  in  such  curves: 

4W.  We  have  seen  (par.  ^2(>ct  st-q.)  that  ihe  length  of  vertical  curves 
shriuld  be  determined,  not  arbitrarily,  regardless  of  the  angle  between 
Enidienis,  but  by  the  amount  of  change  of  grade  per  station  which  is 
admissible ;  the  safest  rule  being  as  already  given — thai  the  difference  In 
Ihe  rate  of  grade  under  the  head  and  rear  of  the  train  shall  not  exceed 
the  grade  of  repose  of  the  last  car. 

A  rate  of  change  per  station  (100  feet)  of  .025  will  most  completely 
as 
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fulfil  this  condition  with  all  kinds  <A  irains,  Including  those  with  a  great 
deal  orslitck  in  the  couplings,  liicc  coal  trains;  i>ut  .oj  per  i»l>iiion  will 
obvintc  all  ihc  more  scritius  cllcctt,  cspcci;illy  if  the  speed  be  high  or  the 
train  short,  or  both.  After  the  introduction  of  improved  fre^bt  coupler 
.0}  per  station  will  be  uiiiple. 

Uolb  ol  tliese  rateti  give  2  longer  curve  than  is  usual ;  but  n>or«  < 


I 


per  station  than  that  last  specified  should  nenr  be  used  in  safts  fPii 
87),  unless  for  high  upeed  aiid  very  short  trains.  On  summit  curvet 
(Pig.  88)  shorter  cunes  iire  admi^iblc ;  but  these  also  sliould  no!  be 
shoncr  than  o.t  per  station — if  (or  110  other  reaaon.  because  it  is  needless 
to  make  them  so. 

470.  The  iingic  between  gr.idc-tincs.  <t.  Figs.  S7,  88,  is  considered  to 
be  the  sum  or  ditlcrecice  in  tlie  rate    per  cent  of  the  grades,  or  their^K 
deRecilon  from  each  other.     In  Fig.  87.  a  =  1.4;  in  Fig.  S8. 11=  1,0.  etcJH 

If  we  let  r=  ttic  change  of  rate  per  station  which  is  considered  admis- 
sible. =  0.02;  to  Olio  according  to  circumstances,  then  the  aggregate 
length  of  any  curve  is  M  once  given  by  the  equation  ^H 

T 

If  ibe  angle  between  grade-lines  be  i.o  per  cent,  this  fpvcs  s  venicV 
curve  10, 10.  or  40  stations  long,  according  as  the  assumed  value  of  r  i^ 
0.1,  0.05.  or  0.015. 

The  condition  that  the  change  in  rate  of  grade  shall  be  uniform  ; 

T 
^ — ; 


Fig.  («. 
(In  lliil  CDl,  which  m  rAlhf  r  poorly  «Becuted. 

>.  *.  >.  4,    )    V*    tU<C«»lTV  ItAlioiU    of    IDQ    (Ht 

Craniht  UnK«Bi  |>s>n<  r,  Iwi  ihc  "curi«"u  drawn  !■ 

MippoKd  IS  cDDiitt  lEdtlgr  of  a  irrm  ol  iir>'chi  tine*, 

^  Ai,  iV.  ru.,   lanKcni  k>  ibc  cuir;  ai  Uin*  ittiioBi, 

Itww  Uni:enu.  u  prolon|«d  by  ibcdoiud  lino,  beins  mppaaaj 

10  diSer  irom  each  other  is  raEr  of  frad»  t>f  acoovtani  change 

af  rM«.  r.) 

station  or  other  unit  results  in  the  generation  of  acurve  such  as  that  oJXi'\ 
lined  in  Ftg.  8^  which  it,  maihcmaiically,  a  parabola. 
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471.  It  is  to  be  remembered  that  all  geometrical  diagrams  connected 
viih  railway  location  are  greatly  exaggerated  or  distorted,  so  that  the 
succession  of  chords  outlined  in  Fig,  89  are  in  fact  practically  coincident 
■lib  [he  curve.  Fig.  90  gives  to  correct  scale  the  intersection  of  a  4 
percent  (zii  feet  per  mile)  grade  with  a  level,  which  is  perhaps  twice  3« 
large  an  intersection  angle  as  actually  occurs  on  any  located  line  in  the 
Unrtcd  Slates,  even  on  the  engineer's  profile,  and  foilr  or  live  times  as 
nuchas  is  usual;  topc^aphical  reasons  generally  requiring  one  or  more 
iMermediate  grades  in  cases  of  such  abrupt  change. 

fig.  90  will  also  make  it  clear  that  in  the  two  sketches  of  vertical 

■£i:r*«r.CW» «fW1Tlf        — ■ 


Kiii.  1)0, 

cnires  shown  in  Figs.  91  and  92  the  tangents,  the  chord  M,  and  the 
curves  themselves  arc  sensibly  of  the  same  absolute  length,  independent 
olihe  (act  that,  all  distances  being  measured  horizontally,  they  are  neces- 
sarily equal  as  measured  in  the  tiel^. 

*7I.  From  the  law  of  the  parabola   it  results  that  in  any  vertical 
curve,  Fij;.  91  or  92.  the  --T' 

oine  bisects  the  middle  L--''  _  • 

"fdinate  /.I/  in  c,  and 
Iron  tiementary  geomet- 
"'■al  relations  we  have  for 

'he  distance    Ic  =  c,    by  Fic,  9.. 

*hich  the  curve  departs  vertically  from  the  intersection  of  tangents  : 
I       a      la 


OMs/=  -  (par.  470), 


Fig.  9a. 


*^  From  this  formula  we  can  compute  the  foMowinK  Table  [25.  giv- 

'"Elhe  lirst  detail  which  it  is  desirable  to  know  in  laying  out  a  vertical 
•^fve.  viz. ;  How  much  vertical  change  it  will  produce  in  the  positinn  of 
'lieifrade-linc,  which  is  greatPSt  at  the  middle  of  the  curve  and  thence 
fapiillv  diminishes  in  each  direction,  being  only  one  fourth  as  much  ai 
the  "quarter-points"  of  the  curve  or  at  the  middle  of  each  tangent, 

*74.  Having  determined  from  Table  t;;.  or  otherwise,  what  rate  of 
P^slalion  will  be  necessary'  or  feasible:  Tn  LAYOUT  A  VERTICAL  CURVP. 
lAVlNtidivEN  THF.  RATE  OF  THE  TWO  GRADIENTS  AND  THEIR   ANiil.K 
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Table  125. 
Vertical  Change,  in  the  Position  or  the  Gradb-Line  at  Iste»sectioi« 

OF   GRADtBMTS   BESULTING    PROM    VERTICAL    CURVES    OF   VARIOUS    RATES  I* 

AND  WITH  Various  Grade-Ancles  «. 

(Compuled  by  [ormuU  of  par.  471.) 


Thf  whole  length  of  the  curve  (bolh  Uneents)  =  -  = 


r      chiiiKt  t'f  Krade  per  siation' 


■OF  INTERSF-CTION  I7,THE  RATE  TF-K  STA'IION  r.  ANU  THE  SIAllON  OF 
THE  I  NT  EK  SECT  I  ON  OK  GRADIENTS: 

I.  The   total   length  of   the  curve    in    stations   is  —  *»hicli    kt  =  n 

stations),  one  half  of  which  is  the  length  of  each  (anient,  whence  the 
station  of  the  tangent-point  can  be  determined  and  the  elevation  of  the 
£r3de  at  that  point. 


• 
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1.  Kavini!  given  tlic  Hiation  and  elevation  nn  ctihcf  graHc,  nni)  tite 
mc  (whici)  let  s  #(  ol  tlic  K^de  111  wlikh  11  Iks,  write  «ucceMiv«l)r 
K  ~  \r,  R—  i\r,  R-  i^r,  etc..  adding  or  ciibstnicting  r  from  cacti 
(as  titc  r.i»e  mny  rcinirr)  iiniil  «  i(iiHiiiili<.-s  huvv  I)c-<:n  written  down, 
paying  nrici  igitcniiqn  10  ihc  iilgcbratc  xignx.  a*  birtow  t|>it-iti«). 

Tbe  <nb  quamity  iliiis  dciermino)  will  differ  from  tiK  rate  R'  of  tiMt 
otbet  tangent  by  \r.  snd  the  addit((ti)  of  the  several  qtiantitia  thus  de- 
termined to  the  ekvatton  u(  the  lir»t  tangent-point  will  give  the  ctcvatioa 
ol  eaeb  vtation  of  ti»e  cune.  to  ;tnd  incIu'linK  the  oiher  tangcni-jwint, 
wbefe  iIk  elevMioo  will  check  u]x>ii  th4t  iivde pendent ly  I'lxcl  by  i1>e 
I  Lutgent  grade-line  tor  the  second  tangcni.  if  the  work  )tas  been  correctly 

^B         When  ibe  ungle  between  tiK  grade-lines  i«  upward,  or  on  a,  summit, 

^V  the  eiKcesKite  dddiiionsof  r  arc  -.  or  subtractions;  when  the  angle  u( 

^H  the  grades  ik  downwrird.  tlic  aiilditions  Hrc  pmitii'e. 

^H         EXAUn.i!v-~Cuive>  intoiinect  ibegradienis  shown  in  Figt.  93.9*.  9S>  e><^ 

^H  mil  the  iater*eclionx  at  gtxlieBtt  u  (latlon  100  and  elevatioa  loa 

L 


fc  - 
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to  stsfions  S        "-;o 

FI0.9S. 

Angle  between  grade-lines i.O 

Rale  ot  change  of  grade  pet  station o.oj 

Total  length  of  curve ao  ttatiou. 

Station  of  tangent-points. \  ^ 

Elevation  of  grade  at  tangen [•points -j  |?I'^ 


Addition*. 

ELITATtOni. 

Static 

P.C. 

loS.o 

90 

R- 

kr- 

-■77S 

I07.33S 

91 

R- 

Hr- 

-.735 

106.5 

9« 

R  - 

2)r. 

-■675 

loS.Saj 

93 

R  — 

sl--- 

~.6as 

105.  a 

9» 

etc.. 

- 

-  -575 

t04.6a5 

li 

- 

--SaS 

104. 1 

- 

-  .47! 

103.625 

H 

- 

-■4a5 

103.3 

99 

-  -375 

loa.Bas 

99 

- 

-■sas 

102.5 

100 

- 

-.a7S 

102.225 

tot 

- 

-  .22$ 

lOI.O 

10) 

- 

-.175 

101.825 

103 

- 

-.125 

101.7 

104 

- 

-  -075 

101.62s 

lOS 

■~ 

-  .oas 

101. 6 

106 

H 

-  .015 

ioi.6a; 

107 

-.075 

101.7 

VA 

H 

-.125 

101. 8a  5 

109 

P.  T. 

- 

-175 

10a, 0 

tie 

This  method  is  practically  much  the  most  convenient  when  the  curve 
begins  and  ends  at  a  full  station,  or  can  be  assumed  to  do  so  by  cotnput- 
\Tifi  grades  for  half  stations  or  otherwise.  In  other  cases  the  following 
may  be  used  : 

479.  By  the  property  of  the  parabola.  Fig.  96.  offsets  to  it  from  its 
tangents  parallel  to  the  "  diameter,"  O.  vary  as  the  square  of  the  distance 
from  the  tangent-point.     Therefore :  Havtnc.  givfn  O  and  .V.  Fig.  9^ 

TO    DETERMINE  OFFSETS  TO   THE  CURVE,   O.  o'.  o"  at  distances  ».  tt',  tt' 

from  the  P.  C. 
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Letting  .V  =  ih<"  length  of  one  langcnt  we  have,  for  smy  oStct  *  what- 
ever at  a  disunce  n  from  ihc  P.  C. 

^  =  -, .  whence  o  =  O^p 
Thus,  if  we  divide  the  tanftcnt  A'  into  Ave  parts  lh«  Ant  oflset.  o.  will  be 

I'        O 

O  X  — ;,  or — ,  and  the mcceeding  ones  will  be  4.  9.  16  timcx  the  lirH. 

Bjr  this  (onnuTa  we  may  compute  the  elevation  of  any  two  points  100 


feet  span  on  any  vertical  curve  (presumably  at  full  stations)  and  deter- 
mine the  rate  o(  grade  between  them ;  whence,  knowing;  the  change  per 
station  in  rate  of  Rnide,  all  remaining  stations  arc  determined  by  ^ucces- 
aive  additions  ta  above.  To  avoid  cumulative  error,  the  computation 
should  be  carried  out  to  more  decimals  than  it  is  expected  to  use. 

The  entire  curve  may  likewise  be  computed  by  determining  the  ofl- 
•cts  ft  </.  ^'.  which  ordinarily  m^'olvcj  Utile  Ubor. 

Tbi  tntreductloQ  of  close  couplers  is  ii«w  (i8«o)  rapidly  redacing  the 
Med  fw  nrj  loag  vertical  cure e*. 


PART  III. 


LIMITING  GRADIENTS  AND  CURVATURE. 


"Tbeorlme  whEchbinknipU  men  andsUteti*,  iob-woifc;— decHnluK 
boo  TOOT  maisdciigti  toMrvea  tum  here  and  there." 

—R.  W.  Emersoh,  Essay  ok '■^Wtaltk.'* 


PART   III. 
LIMITING  GRADIENTS  AND  CURVATURE. 


CHAPTER    X. 


Tin  KKtATIVt  IHPORTAKCE  OF  CRAUIENTS. 


476.  To  summariic  the  conclusions  wc  have  rc^cheo  in  the 
preceding  four  chapters  as  Eo  why  the  minor  dri.-kils  of  align- 
tnent  arc  pro]>erty  so  cafled,  both  separately  and  cnlleciively; 
Let  us  assume  (hat  wc  tiave  a  line  over  which  an  estimated 
traffic  of  to  trains  per  day  each  way  will  pass, — a  vtry  fair  traffic, 
— and  that  wc  have  two  alternate  lines  for  it,  one  of  which  (A) 
is  200  miles  long,  while  the  other  (B)  is  no.  Let  line  A  have 
the  favorable  alignment  of  the  Illinois  Central,  which  (Table  toz) 
has  only  8°  of  curvature  per  mile,  <ind  line  B  the  very  crooked 
alignment  of  the  t^high  Valley,  which  has  loo'  per  mile,  giving 
1600°  in  all  on  line  A  against  11,000"  in  all  on  line  B.  Lei  the 
rise  and  fall  on  A  average  only  10  feet  per  mile,  or  looo  feet  in 
all.  instead  of  ao  feel  per  mile  on  B.  or  4100  feet  in  all;  always 
jissufning,  however,  that  the  ruling  gradients  and  length  of  trains 
arc  the  same  00  each.  Then  the  entire  vahie  of  these  very 
marked  and  very  improbably  great  differences  in  minor  details 
will  be  as  follows; 


396     CHAP.  X.~R£LATiVE  t.VFORTASCE  OF  GRADJEXTS. 


OimiiHCii  uunoT  LiHa  U. 


rtr  Duly        Vcr  »  t>»t7 
Trala.  Trmint. 


d 


10  niilo  excess  of  distance,  which  ne  will  assume 

wi!l  not  alTect  tnm-wagc^.  »s  that  is  the  more 

probable,  and  which  iruy  huvc  <i  creiiii  side  aa 

latxeas  the  debit,  biil  which  we  will  attutnc  has 

no  credit  aide  (see  par.  196  and  1  alilc  89).  .  ,  $2.^5  00  $2ti.6$o  00 
■19^400*  excess  o(  curvature  (Table  trj),  at  js.jcts. 

per° 8.400  00      S4.000  00 

9300  ft.  excess  o(  rise  and  (alt,  iiit»uaied  10  be  all  o( 

^.       ^        ,  I  tooo  (t.  on  minor  eradea, .     ,     2,670  00      36,7oo  00 

Cla«»  C.  and,  sav.  1      _  ,  ■■  j 

'    I  1:00  ft.  on  ruling  grodex,  ,     .    4,200  00     43,000  00 

(See  par.  463,  and  Table  114.)  —       

Total  difference  in  yearly  expenses  against  line  B.$i7.93J  00  $179,350  00 

Ciipitalizing  titis  stim  at  7  per  cent,  which  '\%  lower  interesM 
tli.in  most  new  lines  ought  to  require  before  incrciising  cxpcndi- 
lures,  this  represents  &  capital  valuation  of  $1,561,000  or  $ii,8to 
per  mile,  as  the  difference  due  to  the  most  extreme  diRerences  in 
•ill  mliiiirdeiails  at  once.  J 

477.  On  ihc  other  hand,  (he  total  operating  expenses  of  HoAn 
A,  at  $t.oo  per  train-mile  (on  wliich  cost  the  above  valuations  are 
based),  ivonld  be  $1,460,000  per  year,  and  we  are  abom  to  see 
that  somctliing  like  half  of  ihai  great  sum — sometimes  more, 
sometimes  less — will  vary  directly  uith  the  number  of  trains  re^| 
quired   10  transact  its  business.     If  therefore  we  udopi  grades 
which  will   cut    ilown   trains   to   something  less   thnn   half  what 
they  might  \v.\ve  been, — which  is  .in  easy  thing  indeed  to  do  by 
probable  errors  of  location, — wc  shall  increase  its  operating  ex- 
penses by  somcihing  like  $365,000  per  year  against  only  $179,350 
irom  excessive  and  entirely  improbable  difTcrcnces  in  each  am! 
all  oi  the    minor   details  of  alignment,  against   the  same  line; 
differences  tviiich  might  lead  to  most  unfavorable  conclusions  oiM 
what  was  really  the  best  line,  by  one  carelessly  inspecting  ii; 
whereas  diiTercncc  in  ruling  grade  of  ni>  greater  comparative 
importance  might  well  attract  little  attention,  since  it  would  in>M 
volve  only  a  moderate  difference  in  ruling  grade. 

478.  Again,  the  gross  revenue  of  such  a  line  would  probably 
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besometliing  like  one  and  3  half  times  its  operating  expenses, 
orSi. 190,000  per  year.  Probable  differences  of  location  will,  in 
almost  every  case,  cause  tlie  loss  or  gain  of  as  mucli  as  10  per 
ccmof  this,  and  in  very  many  instances  may  be  readily  shown 
lo  have  had  (probably)  two  or  three  or  live  times  that  effect. 
Ten  per  cent  extra  revenue,  as  we  have  seen  (par.  40),  may  in  a 
ni(ie  way  be  taken  as  almost  so  much  pnre  gain,  although  of 
course  there  always  is  a  debit  side  to  even  so  small  a  difference 
bl  revenue,  possibly  as  much  as  25  per  cent.  Even  then  a  net 
difference  to  revenue  of  as  much  as  $164,000  per  year  not  only 
may,  but  probably  will,  hang  on  decisions  reached  in  location, 
ftliicli  may  be  capitalized  at  7  per  cent,  as  equal  to  a  valuation 
"f 3'p343tOoo,  or  nearly  $ij,ooo  per  mile  added  to  or  taken  from 
ik  value  of  the  property.  This  moderate  difference  in  revenue 
thus  suffices  to  overbalance  all  the  disadvantages  of  the  assumed 
differences  in  minor  details,  which  go  far  beyond  any  that  ever 
existed,  probably,  in  any  two  alternate  lines  between  the  same 
termini. 

Granting  that  questions  of  revenue  cannot  be  reduced  to  pre- 
cise figures,  and  may  be  beyond  the  engineer's  control  (although 
currect  action  in  respect  to  them  will  hirc;ely  depend  upon  iiim 
ami  affect  his  other  work),  the  question  nf  what  ruling  gradients 
toadopt  can  be  reduced  to  tolerably  precise  figures,  and  will 
rest  exclusively  in  his  hands;  and  of  the  questions  which  so  rest, 
We  have  now  seen  the  reasons  why  it  may  almost  be  called  the 
question  before  him,  to  the  exclusion  of  all  others.  It  must 
therefore  be  studied  with  some  care. 

479.  We  have  seen  in  the  opening  to  Chap.  IX.  that  the  ex- 
panse [if  gradients  arises  from  two  causes,  which  are  totally  dis- 
'inci  and  must  be  kept  so  to  form  any  correct  idea  of  their  cost 
or  proper  adjustment;  the  one  being  the  direct  or  inherent 
<Tect  of  all  rise  and  fall  or  curvature  to  increase  wear  and  tear 
^Ofi  expenses  per  train-mile  (considered  in  the  preceding  chap- 
lers),  and  the  other  the  effect  of  the  heaviest  grade  or  sharpest 
Curve  to  limit  the  weight  and  length  of  train,  and  thus  cause  an 
additional  expense  which  does  not  nppear  at  all  in  the  expenses 
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per  tr;>m-mtlc,  but  simply  iii  tlic   number  of  irdins  required  lo 
handle  (he  tiullic    The  distinction  between  these  diverse  &ourc 
of  expense  wa»  so  fully  drawn  in  Chap  IX.  that  it  need  not  be 
peated,  but  it  should  be  always  borne  in  mind.     For  ilie  presen 
we  ussume  the  gradients  to  he  the  limiting  cause,  as  is  nearl 
ulways  the  case,  although  it  may  be  curvature  or— conceivably — 
»nyulher cause,  like  the  strength  of  couplings. 

480.  To  be  prepared  lo  deal  inlelligenily  with  questions 
grailicnis  wc  must  begin  from  the  foundation  and  con»ider, 
some  detail,  what  we  may  call  the  physiology  as  disiinguith 
from  the  anatomy  of  the   locomotive  engine,  especially  as 
spects  the  Eunning  gear.     The  general  question  of  limiting  gra 
dients  will  then  divide  itself  naturally  into  the  following  di&cren 
heads : 

First.  Ruling  gradients  proper,  and  their  effects  on  irain* 
loatli  and  dperuliiig  expenses  (Chaps.  XIV,,  XV.). 

Sttondly.  The  use  of  concentrated  or  "  bunched  "  grades  on 
high  rales,  operated  by  assistuiit  engines  or  "pushers,"  with 
lower  grades  elsewhere,  as  against  uniform  gi.idicnis  (Chap. 
XVI.). 

Thirdly.  The  proper  balance  of  grades  fmm  excess  of  ira 
in  one  direction  (Chap.  XVII,). 

Fwrtfily.  Limiting  curvature,  which  may  intervene  in  ;i 
vance  of  gradients  to  limit  ilic  length  of  trains  (Chiips.  XVli 
XIX.). 

Pifthl).  The  choice  of  gradients  and  devices  for   redocin; 
them  (Chap.  XX.). 

All  of  lliese  problems  come  up,  potentially  at  least,  in  th« 
location  of  cvcrj*  line.  Before  altempttng  to  solve  them  we  will 
lay  Ihe  necessary  basis  Ibcreforin  i  he  three  following  chapters  on 
the  Locomotive  Unginc,  KoUing-Stock,  and  Tra 
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CHAPTER  XI. 

THE   LOCOMOTIVE    BNGINE.* 

Ml.  The  locomotive  engine  Is.  lo  far  as  the  skill  and  foresight  of  the 
(ScMgnere  can  make  it,  and  practical  considerations  pennit.  a  dclicatcly- 
MliMCd  machine,  having  these  three  forces  in  equilibrium  for  the  par* 
■icnbr  service  required  of  it : 

I.  Tmx  STKAM-Pxoot.-ciNO  OR  BOILER  POWER:  the  boilcr.  fire-box. 
ao4  ittachcd  p«rt.i. 

1.  Tiif:  MFXHANiCALORTRANSMtTima  POWER:  developed  through 
Uir  cylinder  and  attached  parts,  und  iran:>inittcd  to  tliedriviii);-ivhccl3. 

}.  The  TtcACTivK  pfjWKR  OR  ADXRsioN  for  exerting  or  transmitting 
Uk  energy  produced :  developed  through  the  Irictiottal  resistance  \.f> 
tlidingot  the  drivers  on  the  rail. 

Ul,  Tiir,  AUOi;.v-r  AVAiiJtnLE  of  each  of  these  forces  is: 

tk>tLCK  POWER. — l.imileA  by  the  qu.intjty  of  steam  which  can  be  pro* 
^cil  in  a  boiler  of  admissible  weight  mid  size. 

CvuvDKR  rovif.*.—  /HJffiniUfy xrtat.  The  cylinder  is  a  mere  lruiis> 
iBittiog  machine  for  the  transformation  of  one  form  of  energy  into  an - 
ubcr.aod  can  be  adapted  iwithin  wide  limits)  to  the  transmission  of  any 
Mwint  of  power  (ft.-lbs.)  in  any  desired  ratio  o£  speed  (ft.)  to  force 
lIU.)  by  mere  variation  of  proportions. 

TkACIIVE  powKK,— /j'/w//crf  by  the  total  weight  of  the  machine  and 
"* proportion  thereof  whkh  can  be  placed  on  t he  couplrd  driving-wheels, 

4B3.  Thus  il  is  seen  ihat  the  limit  to  the  work  which  can  be  done  by 
"V  Well-designed  engine  lies  cither  in  the  boiler  power  or  in  the  adhc- 
'">*i.  and  never  in  the  cylinder,  which  latter  always  ha*,  or  should  have 

^^*  The  wriler  had  gon*  more  fully  inlo  Iho  theory  of  the  locomotive  tlisn  was 
rr**oIatfij'  nieniia).  and  he  finally  (included,  more  (iilly  (h»ii  wns  mise.  in  the 
'*^f  ihAl  a  brixtilcr  gcDcriil  l(now1(^di;e  of  lh(  loiomutire  by  civil  eii|[inctrs 
'UIJ  ro  many  ways  conduce  lo  Knod  nraciice;  but  in  order  lo  keep  (he  volume 
''thin  leaMMiable  liie  he  Unally  eoncluiled  to  abbrcviBtc  Ihii  chipicr  very  mn- 
*''»ni  (rom  hiioriKi'nal  drafl.  Much  ni  the  dau  thus  prcp.tfcil  naa  thought 
W  tj,  ,nii,e]y  ne«.  and  still  mote  of  it  hais  not  heen  (ystcmalicully  preteiited  In 
[  tr^AliMt  on  the  locomotifc,  but  it  must  be  |;ircn  in  aoolber  lotm,  il  at  ftll. 
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(in  ftiiy  cnK'ie  of  oritinvry  type),  power  hi  excess  n(  cither  what  can  be 
transmiticd  by  lite  adhesion  or  developed  tlinjii^h  the  bciilcr.  or  boih. 
That  the  cylinder  powi^r  tihuuld  be  in  exceas  o(  one  or  the  other  of  the 
other  two,  uniler  all  urdinary  circumstancei.  as  it  is,  i.i  plain.  The  ulti- 
mate power  of  the  engine  is  fixed  by  the  weakevi  one  o(  these  three 
forces.  Two  o(  them  cnn  only  be  increased  by  radical  modiilcniioas  ol 
the  machine,  while  the  Oither  can  be  made  as  great  as  desired  fwitliin 
wide  limits)  by  trifling  modincations  of  dctalt,  aAecttng  cost  and  weight 
1>ut  very  sliKhily.  Tticrcfore.  it  is  plain.  It  would  be  inexcusable  neglect 
Rill  to  make  the  link  in  tlie  chain  wlio«e  strengih  vre  can  control  sirong 
enough  to  certainly  utilize  the  full  strength  of  the  other  two,  whkli  we 
caiinot  coniml.  without  a  radical  change  in  the  machine:  so  that  the 
ultimate  power  of  the  machine  as  a  whole  >'hi)uld  ncvtr.  at  any  time  or 
under  any  circumstances,  fall  by  mere  ncgligcoc'e  in  desigu  below  tiM 
limits  fixed  by  natural  cauics. 

464.  That  the  coinparativx  conditions  stated  In  regard  to  the  pftt: 
bi I ity  of  increasing  these  three  forces  do  in  fact  prevail,  is  evident  fi 
the  data  ai  to  comparniivc  weights  of  the  various  parts  of  a  loc.omoti 
engine  given  in  Talilc  i:*:  Tt-  IXXREASE  THE  boiler  power  or  rrtt: 
RVGixis  lo  PER  CENT  (jiSumlng  it  to  be  poiailjle  .It  all  without  Pin 
ingihe  admissible  luad  per  wheel  or  the  limits  of  phyaicul  pouibilit; 
means  an  increase  of  nearty  lo  per  cent  in  the  weight  of  the  boiler  and 
at  least  5  per  cent  in  the  weight  of  the  rest  of  the  engine.    As  this  would 
inctease  tlie  available  adhesion  It  would  naturally  lead  to  increasing  the 

Table  1M. 

CoMraaATivK  Wkiuht  im  Lbs.  or  Ttia  Vaaiuus  Pxar*  or  a  Locomoti 


Esq  IKE. 


Lietii  AtDtrma. 


Conuliliiicn.  Penn.. 
ClM.  1,. 

FmmdI 


To(.l 

SvrvicF. 
Lb*. 


6o.ft>7 
1W.9 

01.0«D 


B«fl«r  and  At- 

liicbtd  Pu[i 

nfyiRjt  Ibcrc- 

wiih: 


Waxr. 


Mcml. 


ConiiMUns       "^•'- 
Rodi. 


10.03* 
•6.1 

I5.»W 
tC.t 


.6,663 
•J  4 

16119 
•>.S 


Frjime 


i.UI 


Cat). 

SiD(j**-bni. 

Tnmnlngv 


7,ooa 
ti.j 

8.8rg 


~4 


The  ll|[fa<  Amerion  coelne  ii  ttui  fii-tn  In  dr»ll  in  1'Kblc  ix) ;  (he  Contoliduion  to 
Civcn  in  dcult  In  T&bta  119  and  iji  TTie  liutitilar  oonttancf  of  r*lk>  io  itM  w«i|;hti  of 
Vtvtm  widely  diilvmii  lommMiTS*  a  notable 


CHAP.  XI.— THE  LOCOMOTIVE  E.VGfffE. 


4UI 


■ 


cvtinttcTs  correspondingly,  but  even  withool  doing: iowc  l»avc  an  increase 
yi  about  7  per  c«ni  ill  Ui«  weight  of  the  nucbinc. 

483.  To  INCKRASE  TIIK  CTUNDER   fOWKK  \Q  FKII  CBKT  WC  hsw  OaljT 

lo  rtci  r«»c  ihc  si«  ol  th«  drivers.  cflcrtin)[  an  uciual  deoea**  in  the 
weigtit  of  ihc  nucliine.  For.  since  the  cylinder  pressure  (whkli  Ici  =  C}. 
vbaievcr  it  l>c.  acts  with  a  leverage  of  halt  the  stroke  <  -  t)  a^^iiist  a  lev- 
erage of  half  the  diameter  of  the  driver  {=  R).  we  have,  (or  the  Iraaive 
fofce  eicerted  tn-  the  cylinders. 

^     sC      ^^      TK 

r=-^andC  =  -. 

To  tncrcttM  Tby  any  nmount  niihotit  changing  cither  ihc  sirolce  (r) 
or  ihc  diameter  of  the  cylinder  (C)  vc  have  only  to  decrease  K.  This. 
bnwcvcr.  is  at  the  expense  of  increasing  the  piston  speed,  because,  as  the 
irtiTt  is  made  iniullcr,  it  must  turn  so  much  oflener  prr  mile. 

4M.  Ta  increase  the  cylinder  power  lo  per  <rent  without  iiirrcnsing 
Uie  piston  speed,  honcver.  nothing  mure  is  required  titati  the  addition  of 
Irom  1  to  8  per  cent  lo  the  weight  o(  the  cylinders  and  attached  parts 
aluctc.  the  remainder  of  the  machine  remaining  unuflected  except  in  a 
lew  trifling  details  Whether  the  incrcsw  be  i  or  8  percent  depends 
<hiefly  on  how  It  is  eflcctcd— whether  it  be  by  merely  Icngilienins  the 
eylindcf  or  by  increasing  its  diameter :  but  in  eitltcr  caae  the  total  addi> 
lion  to  thr  ueighi  and  cost  of  the  machine  is  trifling.  A^uming  8  per 
cent  added  m  the  weight  of  the  cylimlcis.  it  amount*  (sec  Table  126)  to 
but  a  ftttle  over  one  per  cent  of  the  whole  wtighi  of  the  engine. 

487.  C.rlindn  power  may  also  be  increased  after  the  machine  is  com- 
pleted by  the  simple,  but  ordinarily  not  pcmitssible  or  wise,  expedient 
ol  iacreasiag  the  boiler  pressure.  It  has  also  been  not  unfrequently  dc- 
cnued  in  the  same  way,  so  as  to  be  imaller  than  either  the  boiler  power 
or  irart^n.  with  unfortunate  results  upon  the  efficiency  of  the  engine. 

4SS.  To  iscu»:Ai»:  Ttli;  TRACTfVE  powek  10  per  cent,  or  hj-  any 
other  amount,  we  muM  cither  increase  the  loatd  per  dii\-en^  or  the  num- 
ber of  drivers,  or  both.  The  possibility  of  increasing  the  toad  per  wheel 
b  strictly  limited  by  tluit  whl^ih  the  permanent  way  and  nructure  will 
scuuin.  The  load  per  wheel  is  in  pmciice.  iind  (or  Crrtjiin  reasons  may 
(iruperly  be  in  tJieory.  greatest  with  those  engines  (fast  passenger  engines) 
which  have  and  require  the  Ictst  amount  o(  total  tractive  power.  To  in> 
crease  the  number  of  drivers  we  must  take  a  new  type  of  engine,  and 
berr.  too,  the  range  is  strictly  limited.  A  (ew  special  engines  excepted, 
the  largest  number  of  driv-crs  now  in  practical  ttse  on  a  targe  scale  is 
eight  (Consolidation  and  Mastodon  types),  and  ilie  lea«i.fi>ur  (AmericaD 
lypei.  with  a  lew  extra  fast  but  very  heavy  engines  having  only  a  single 
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driving-axle.    In  any  case,  to  Increase  tractive  power  lo  per  cent 
tnunt  increase  the  load  on  drivcis  by  sotnc  40  percent,  whici)  means 
crciuinj;  the  toul  vr«ij(ht  ol  the  m.ictiinc  by  from  jo  to  60  per  cent. 
hi>ve,  therefore,  iu  the  iuldiiion  10  weight  of  engine : 

To  Jncrciue  boiler  power  10  per  cent.    .  .    7  to    8  per  cent. 
To  increane  cylinder  power  10  per  cent.    .     I  to    I}    " 
To  increase  tractive  power  10  per  cent. .  .  yyKodo      '• 

Proving  the  stRiemeni  made,  that  cylinder  power  is  a  mere  matter 
jtistment.  r»iiily  capable  of  indctinile  increase,  and  hence  should  alwaj* 
be.  OS  it  generally  is.  in  exceiu  of  the  other  two, 

469,  Fi>r  (be  very  reason  that  the  amount  of  cylinder  pairer  Is  >  mere  dei 
of  mtchanical  desifn.  having  no  naiutal  limit  In  either  direclion.  ii  furnishes 
convenient  mtaiure  otreUlivccnpacily  and  power  lor  com  paring  one  engine  with 
anolher.  In  other  words.  <ylinderi  of  the  same  site  can  be  said  with  far  more 
■xaclncH  10  give  engines  of  always  cilual  power  (hin  a  similar  Identily  in  any 
olher  one  detail  nf  the  locomotive.  A  "  1;  X  S4"  cnjiinc,  which  is  now  looked 
on  as  ihc  itnndsrd  or  unil  type,  may  be  eiihet  a  fati  passenger  or  a  tluw 
freight  engine,  but  it  will  always  be.  roughly  speaking,  of  about  the  same 
weight  and  cost,  and  will  ordinarily  cxerl  and  be  capable  of  exerting  about  t. 
same  amount  ol  power  (foot -pounds)  in  the  same  time. 

490<  Thi*  is  (hcrcforc  a  very  common  and  often  sll^ufficieot  deseriplioD 
■n  engine,  when  it  is  desired  to  give  a  genenl  idea  In  a  fen  word*  of  its  ehane- 
ler:  but  this  should  not  lead  lo  the  mlsuken  conclusion  (as  It  sometimes  docsV 
ihal  (lie  cylinder  is  un  imporuni  element  of  design  in  a  loconioiive  in  the  sense 
of  btkag  a  governing  element  by  which  iis  power  m  service  is  limited.  On  the 
conirKr.  the  logical  order  of  design  (but  not  necessarily  for  that  reason  the 
order  thai  a  pmcli'dl  designer  will  follow)  is — 

Firii.  to  fix  the  total  atlmlislble  or  desired  weight  of  the  machine. 

Siimdly,  (in  a  freight  engine)  Ihe  propoition  of  this  weight  which  can  be 
oliliicd  (01  adhesion,  or  (in  *.  pastenger  engine)  the  largest  boiler  power  wbl 
can  be  gotten  without  exceeding  ihai  weight. 

Tiirily,  to  adapt  the  boiler  power  and  adhesion  10  each  other;  and, 

ftartify.  Iu  Ax  the  site  of  the  cylinders  in  correspond,  nuking  sure  to  ba 
them  large  enough. 

There  is  a  serious  disadvantage  in  having  cylinders  unnecessarily  large  foe 
the  work  to  be  done,  duv  to  exiernal  and  Inicrnal  rsdiallon.  which  limit*  some- 
what  Ihe  wide  discietion  ipecified.  but  not  so  greatly  as  lo  aflccl  Ihe  substance 
of  what  has  been  said. 


491.  The  boiler  power  o(  a  locomoiive.  like  that  of  any  other  sou 
of  energy  or  dynamic  force,  is  ultimately  measurable  in  fo^-pouttdi  per 


CMAP.  Xt.—THE  LOCOMOTIVE  BSQINM. 


4OJ 


Jmt.  orothcr  onit  of  ltm«.  So  br  a&  boiler  power  is  conoemci,  there- 
fot  a  tocomottve  is  capable  of  liautin^  any  load  wliaicvcr  if  the  speed 
kouKle  low  enough,  or  ol  atiaintng  any  spcci  whatever  &(  the  expenie 
«]  the  iMd  tuuiled. 

KukSE-PUWEKS  or  other  equivalent  units  are  merely  certain  muttiples 
d  Iboi-pounds.  Whatever  the  lumc  of  ilic  unit  for  the  mea-^urcmcni  of 
mtrj^.  It  is  always  made  up  of  the  three  elements  of  lifting  a  ccruia 
MyA/  through  a  eertain  diUanc*  in  a  certain  lime  against  the  natural 
iOKcof  gravity,  gravity  being  the  only  constant  and  ever-present  force 
Kh  whkh  wc  are  familiar,  and  hence  a  natural  unit  for  comparison. 

493.  The  tractive  power  is  mensurable  only  in  i-ousits,  being  a  mcro 
ituic  or  dead  force,  serving  for  the  irammission  of  energy,  like  a  belt  or  ii 
ihift,  bot  no*  aUocting  it*  amount.  The  traaivc  power  is— with  impor- 
tut  limitations  to  be  consiilercd— an  approximately  constant  quantity  at 
III  ipteds  and  under  all  circumstance*. 

4n>  Therefore,  remembering  (i>  that  the  cylinder  power  is  not  an 
tlonnii  in  fixing  the  working  power  of  un  engine,  and  (i)  [hut  speed 
lfiU)de»  Uk  two  dements  oi  time  an;!  space  which,  wiib  Uic  ihird  ctot 


■I.*' 


I      Enaiiit, 


iC 


""tt, 
oact 


■■— tHSKAIiW)  nil  Mahhis  or  uxnriic  thu  una  Boii.n  Powii  ts  Piii»maii.u  o* 

weight  or  force,  make  up  the  three  uliich  ate  necessary  tor  tite 
description  of  the  amount  of  any  kind  of  power,  we  may  cxprcai 
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Ifrapbically  the  variations  which  can  be  oiade  in  the  manner  of  uiihxi 
or  distribuiing  the  power  o(  an  engine  as  follows  (Ftg.  97} ; 

494>  On  a  pair  of  co-ordiiiaic  axes  intersecting  at  O,  Fig.  97,  let  di 
unccs  on  Ihc  vertical  axia  OA  rKprcscni  pounds  of  iractive  powrer,  ai 
distances  on  the  borlzonL-iI  axis  OC  represent  the  compound  tintt  t, 
including  the  two  primiiry  unitK.  diKance  nnd  ticnc. 

Then  the  capacity  nl  any  given  boiler,  which  is  measurable  only  by  a 
product  of  the  three  units,  <!!^j.  x //.  x  f/iwf,  may  be  represented  on  sitcK, 
a  diagram  by  a  rectangle  of  a  ([iveii  fixed  area  (OABC,  OA'P'C. 
OA"fi"C")  which  n>iy  be  proportioned  in  any  ratio  of  height  to 
length  desired,  provided  the  totitl  area  included  within  it  be  t\(A  exceeded. 
The  number  of  such  possible  rectan|[les.  as  will  be  apparent  from  the 
figure,  ist  intVnite. 

As  a  mailer  of  mere  mathtmaitcal  curiosity,  ol  no  Immediate  praetlcal 
tnoment.  it  may  be  noted  thai  If  >n  iivi'KniioiA  be  drawn  piutini;  ihtougli  ibe 
pi^ini  B,  Willi  ihe  axo«  OA.  OC,  ai  ssymplotct.  any  point  B  on  it  will  6c  the 
apex  vl  ■  retinnKle  of  alwayi  rqusl  area. 

49&.  Kacb  one  cl  tliMC  rtfcunfilef:  will  reprewnt  a  possible  lucoinoti' 
each  dillcicni  from  the  other,  which  may  be  denitfocd  to  fit  the  U' 
boiler.^with  this  sole  linittalion  :  The  trsiclive  ]K)wcr  in  pounds  of  ordi 
nsay  forms  of  locomotives  is  a  limited  quantity,  which  cannot  he  iridcli< 
nitcly  increased ;  and  consequently  at  a  certain  point  on  the  diagram  A' 
we  reach  a  vertical  limit,  beyond  which  li  is  not  possible,  by  any  ordinary 
device,  to  increase  the  tractive  pou-cr.  It  follows  directly  from  this  fact 
that  wc  have  a  certain  minimum  of  speed  OC  below  which  it  i»  not  pos- 
sible 10  decrease  the  Speed  and  still  utilize  the  full  jjowerof  Uie  boiler  by 
increasing  the  load  hauled.  As  might  ntilurally  be  expected,  this  limlt»> 
lion  Is  at  times  %cTy  inconvenient,  when  it  is  desired  to  obtain  the  m.azi- 
mum  hauling  capacity  regardless  of  speed,  as  in  engines  for  yard  service 
or  for  working  on  he.tvy  grades.  It  is.  in  fact,  pnictically.  the  most 
sericnis  theoretical  defect  of  the  locomoiive.  Various  exceptional  de- 
vices are  employed  to  evade  it  in  pirt.  the  simplest  and  mo^i  common  of 
which  istocntry  the  water  supply. and  sometimes  the  fuel  also,  upon  th« 
driving  whcd-b.'uc.  A  itill  more  radical  remedy  is  mentioaed  in  par. 
511,  and  yet  another  device  is  the  sii.«lled  TraCtion-IKCKKaskr.  throw- 
inga  part  of  the  weight  of  the  tender  on  the  drivers  for  the  time  being  by 
cvlindcrs  attached  to  the  piston,  nr  by  various  combinations  of  levers. 
Finally,  the  device  of  a  rack  between  the  rails,  or  of  a  central  rail  which 
the  driving  wheels  grip  by  spring  power  or  other  pressure,  enables  tbe 
^avity  of  the  engine  to  be  wholly  dispensed  with  (or  furnishing  the  trac- 
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nc  force,  by  nttuitutin^  for  it  frictional  adhesion,  and  thus  removes  all 
ItmiC  u'lulever  lo  ihe  luud  ihui  »  givvii  boilvr  can  move,  provided  the 
ipnd  Im.-  <nade  »|('W  enough. 

4H.  Wiicn  ihti  is  dime,  all  limits  to  the  diagram  in  Fig.  97  art  liko- 
iiv  rnnovoit :  m  that  it  then  becomes  lucraily  true  iliat.  so  far  aa  boller- 
pokcr  li  <:oacctnod,  there  >8  no  limit  whatever  10  ciihcr  ihc  »pc<cd  of  a 
btooMtivc  or  to  the  load  it  c-^a  haul,  provided  one  (JccnMtcs  as  the 
sUin  incteuars:  but  since  the  load  to  be  hauled  can  in  no  cam  be  dc- 
OUtot  below  the  weight  of  the  cnuinc  itself,  a  limit  of  pnuiblc  .speed  is 
Hon  mi  Iir*)  a.i  well  att  of  tr.iciivc  fiirce.  and  the  lima  ol  cjipedienc);  in 
nth  diFcciitm  M.  much  narrower  than  that  of  piisaibility. 

k  vtty  IniemUnf  and  (niiriKilvc  (tudy  of  ihc  difference*  of  ded^t  ln< 
luQBui.vcB  aad  ol  ih<  causri  therefor,  wliicli  the  writer  (eeta  compelled  lO' 
«M|.  n<iy  be  made  by  con  strut  11  □![  diagrams  similar  10  Fik  9;  fur  various 
•cual  lotoniodvesi  laying  off  the  load  on  driver*  on  the  vertical  axli  .  uking 
<k  boiler  power  aa  proportloaal  to  (be  heating  surface,  and  adding  vmiiiuk  de- 
tail «l  crate-area.  etc. 

497.  [t  will  be  suflktcatly  clear  from  what  has  preceded,  that  iir  the 
(cxtical  vorktO);  of  cnfjines  a  delklcncy  in  any  une  of  the  three  co-orxlU 
au  (orce«  which  when  combined  make  the  complete  machine  will  be 
■Iwmi  in  tlir  following  wayi: 

I.  If  aJkeiion  ar  iraclrv^  finwer  bt  tht  imalial  of  the  three,  the  en- 
lise  >ill  slip  her  drivers. 

1.  If  toiler  fDner  he  fkt  smallnl,  the  boiler  pressure  as  indicated  by 
Uticeam-gauge  will  fall,  and  the  enKinc  will  from  this  fall  ol  prc^Mure 
h  nable  10  turn  the  wheels. 

J  //  (ylimier  ar  tHf:ine  power  be  tit  iiialUtl.  the  engine  will  be  stalled 
«hil(  utilizing  to  the  utmost  a  full  pressure  of  sicam  and  while  yet  un- 
•hW  to  slip  Itsdtivers. 
4W.  The  last  ks  either  an  evidence  that  the  ennine  \f.  out  of  ihc  ser. 
ftice  for  which  it  was  designed.— as  for  instance  a  last  passenger  engine 
I  hufing  freight  train8,^K>r  it  is  an  evidence  of  bad  desii^n.  It  is  nne  of 
tbc  moM  discreditable  faults  an  engine  can  have,  for  the  reason  that  it 
Ban  entirely  unnecessary  sacrifice  of  a  portion  of  its  capacity  for  n-nrk, 
UA  it  is.  naturally,  a  fault  of  rare  occurrence.  Ii  has  occurred  in  in* 
tUnccft  on  a  considerable  scale,  however,  as  an  effect  of  cutting  down 
■ke  permitted  boiler  pressure  to  110  lbs.  after  copying  the  general  pro- 
penioRs  of  engines  designed  to  carry  t]o  or  140  lbs.  The  effect  of  sucli 
action  on  the  pounds  of  tension  which  can  be  exerted  is  the  same,  and 
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as  injutious.  oi  if  the  boStcr  pon-cr  iiMlf  had  been  reduced,  which  latter, 
however,  docs  not  at  all  follow  from  lUc  rcduciion  ol  pressure  tpar.  j^-). 

499.  The  indication  ol  deficient  hauling  power  lirjt  above  8peL-i(led. 
slipping  of  driven,  is  ih^t  which  should  Arst  occur  in  ail  wclt-deslgned 
freight  engines :  for,  since  hauling -power  and  not  speed  Is  the  dcstder*- 
tum  in  9ucb  eiiKines.  the  boiler-power,  however  small  (within  limtis).  can 
be  made  to  exert  un  indcrinitely  great  force  in  pounds  at  tlic  expense  o( 
speed,  by  proper  design  ul  the  engine ;  which  con  hence  be  to  designed 
thai  the  boiler  ^liull  be  able  to  exert  continuously  a  force  ulways  in  ex- 
cess of  Uie  tractive  power  when  nt  its  maximum  (u  when  uaing  sand) 
by  a  little  at  least,  in  order  that  the  full  mcatsure  of  the  Utter  may  in 
cases  be  utiliicd. 

500.  This  thcorellcfti  principle  is  limiird  in  part  by  Ihit  i»x\:  Corxen 
bpcralion.  require*  Ibal  it  shoulil  nol  be  too  easy  ici  tlip  the  driver*  uaiter  o: 
nary  condition*  but  should  require  nearly  a  full  hejul  of  iieam  lo  do  t«.  or  ilie 
difficulty  of  ihfoiilInK  ih«  pressure  Just  lis'il  (psr  ji;}  will  le^d  (o  loo  frec)u(B( 
Rlippinic  Hence  it  is  desirable  llial  Ihc  <yliii<kT  power  shoutil  be  only  «  Utile 
in  exc*ss  of  the  adhesion,  and  from  this  it  nuy  result  that  the  ulllmsle  nuxi- 
■num  of  adhesion,  when  uiinj;  sand  on  a  dry  rail  with  boiler  pressure  perhaps  a 
tittle  tnw.  cannot  be  odvanugeously  realiied.  There  are  also  cenatn  dU*d. 
Tanugti  in  an  over-Urge  cylinder,  from  greater  Iom  hy  radiation,  condensa- 
tion, etc..  as  well  ai  some  advantages.     See  also  (ooi  of  page  to4. 

soil  But  it  is  probable  thai-all  these  disadvaniDges  have  bem  arer-e*li> 
mated,  or  the  whole  question  inadequately  considered,  in  deM;{nin|[  mnny  of 
the  engines  now  riinninK.  a  Mnsiderable  minority  of  which  cannot  ulilii«  the 
tull  uliiinaie  sdltetlon.  and  are  in  consequence  compelled  to  haul  smaller  loads 
than  ilieyoiherwiM  misht .  allhouKh  most  (reiehl  «^Ki^e^  can  slip  their  driver* 
in  ordinary  working,  when  starling  or  runninx  very  slowly,  and  do  so  liberally, 
Ko  irell-desitined  engine  n  HI  slip  Its  drivers  nhen  running  si  speed,  unless  the 
railssro  in  b>«d  order,  as  llie  aveiai;*  cylinder  pressure  it.  then  m'jch  lower  tbaa 
in  siariinit  (par.  S'H)-  Orcr-frequent  slipping  of  driver*  is  an  evidence  <rf 
wantof  skill  or  care  in  the  eo^neman.  lie  can  with  e«*e  slip  the  driver*  with 
the  lightest  iiain  or  with  no  train  at  all.  and  In  fact  must  use  care  not  to.  unless 
(be  eylioiVT*  atr  too  tmsU  for  ihr  engine,  becnuse  only  an  inAnite  (orcc  caa 
SOI  in  mndun  ihc  lichTcsi  bodt  instantly. 

S03.  The  second  indication  of  deficient  hauling  capacity  above  speci- 
fied, drficiency  of  boiicr  power,  is  ihc  only  one.  in  theory,  by  which  a 
passenger  engine  should  ever  fail ;  since  a.  fraction  only  of  its  weight,  if 
on  the  drivers,  will  give  a  hauling  power  in  pounds  far  in  excess  of  the 
xtsiAj^t  fool -pounds  of  boiler  power  at  a  high  speed  in  feet  per  minute. 
Neither  An  piuuenger  engines  often  fail,  in  fact,  for  any  otiicr  cause,  be- 
tween stations,  on  moderate  grades.  The  necessityof  storting  heavy  trains 
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^Ick^.  bovever.  and  of  matntalning  a  high  rale  of  »p«cd  e^-cn  on  long, 
lavy  gndo.  maka  tiic  dcmaii'l  for  adlic&lon  on  passenger  engines  very 
unn^ual.  and  at  times  very  grrat.  so  ihnc  it  is  odcci  in  practice  the  actual 
limiting  cause  which  it  is  desiTiiiblc  to  increase.  It  \%  not  c»scniiat  10  do 
this permanenily.  Any  device  which  increases  the  load  oit  the  drivers 
Kmponmly.  especially  for  stopping  or  Maning.  answers  every  purpoae, 
1x1  «  better  purpose  in  fact  than  a  pcnnuncni  increase.  Such  aitacli- 
ntnts  are  now  in  use  on  cxtra-fa«  engines  and  to  a  limited  extent  on 
dliers.and  it  is  prohablvihiii  their  tuc.  or  that  of  »omc  equivalent,  might 
be  greatly  extended,  for  both  p.^mcnKcr  iind  Ireighi  engines,  without  any 
dlU'tv .intake  at  all  comparable  to  the  gain. 

M3.  But  however  well  an  engine  may  have  been  designed  for  the 
iverage  contingencies  of  ordinary  service,  when  the  engine  is  once  m 
KTVke  there  are  liniitiitions  to  or  variuiions  in  tlie  efficiency  of  each  of 
Ks  three  primary  forces  which  have  an  im[Mclant  effect  upon  the  load  it 
aa  haul,  and  which  we  need  to  consider. 

In  the  following  Tables  137  tu  157  are  given  a  variety  of  data  a«  to 
the  dimcntions.  weight,  cost,  and  lite  of  UKOtnotives  which  wc  sliall  liave 
occasion  to  use  or  refer  to,  which  arc  here  grouped  tc^elhcr  for  conven- 
ience of  reference. 

Table  1*7. 
CoupAKATivE  DiMENsioKt  OP  EKtiiNes  ot  Titf  Ambricak  Type, 


■ 
P 


tt'eif  hi  en  dnvvn. . , 
WncM  on  (rock. . . . . 


Owe  *bri*cs.-,     ,   , 

T«a«i... 

Toul... 
IkmlelbiHlCT 

thamncr  of  drli«n. 


.TOUl .. 

r-__,_  1  W«t»  (talb.)L 


Diivinil . 

ToultnaiM 

Ttndn 

■nclM  ud  «Mltf. 


I7'>t  CVLIIESIM. 


Muon. 


•t.eeD 

«q.  ti. 


t,*Vt 


Pat. 


•q.  ll. 
■A. 


t>t 


::i 


Broolo. 


tft 


»r" 


(o" 


■^w 


C.ii. 

S8: 


a* 

ItM. 


n'  l\" 


iS  ■  It  CVLIHDKU. 


C.  B. 


iq  It. 
'7  T 

I<i«o 

Ii4t> 
•■JJ» 

r  "■ 

n"  6M' 

1 14'  11" 
m'  »•■ 


Wm  Short. 


Moos; 

iKvOeg 
•4    ft. 

■la 


iAb 


»l  4" 


A. 


B. 


«4.0ai 
j'.ooo 

»q   ft. 
U 


.q.fL 
■  ». 
■  •« 

ijie 


10  004 


0'4W 


■  WM|hu  eapiv.  Mm"  lb*.,  teuiflf  Sen  lb*,  (or  cvoKatiof  bdSIcr  Ud  Ire.lrax.  and  loo  Be* 
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■     Table  12a. 

COktrARATITl  DlHKNSIOXl  OF  UoCVL  AMD  TeN-WICRZL  EXCI.HU. 


Welihi  «n  dfiKi* 

Weight  on  truck 


Cl»t>Ut(M< 

Tulm,... 

BiirrtI  of  bo'ler 

DlimiMr  □(  drivers, 

Till'"*  ; 


Wirnli.UMi 
DriddK     .. 
Teul  cn|iiw 

Kimr 
(ini  •nd  Mtner, 


*  Wf  ijfhl»  tmuly.  i^Afx  Ibt.,  kaviiiK  lowi  tin,  fnr  comcnlt  of  boiltr  and  fir«-bo^ 
4  Wdehi.  cinpiy.  C4.]ii*ll»,.  IfaTloe  i4.Kia  IM.  fortODteau  of  boiltr  and  Arc-bM. 


The  B*li[moK  tt  Ohio  Mocul  carriei  140  Ibn.  of  boiler  pnauire,  alFardinti:  ^  maiimufl 
■Ttr^i:*  cjliiuEn  pmurr  at  wjiiw-  119  ll>".  ("s  P*'  "nt  of  botlw  praaurtl.     Al  ihw  rai* 
the  cylinder  iraclivc  force  it  ■;.i84  Ibi..  or  about  )wei|;hl  on  driTrre.     la  mnl  An 
cnglaei  II  is  aboal  |.  >nij  In  (ome  u  low  u  o..|o. 


lie 
137  t^^ 


The  tendency  in  recent  years  has  been  strongly  toward  increaae 
wetxht  and  boiler  power  with  the  sainc-9i»(l  cylinder*,  as  Tables  137 
130  and  Table  141  bring  out  very  clearly.  Three  conctjrrent  causes  have 
brought  this  about :  (1)  The  material  increase  in  stcani  pressure,  which 
makes  3  smaller  cylinder  <5o  much  more  work  ;  (2)  the  hrgher  averaite 
speed  o(  trains,  which  necessitates  larger  boiler  power  to  matntAin  it:  and 
(j)  the  fact  that  the  more  perfect  track  lias  jusiilicd  and  the  lower  rsiC4 
required  loading  enj^nes  up  to  the  last  limit  of  their  tractive  power,  and 
h  was  ncc«saryto  have  as  much  as  possible  under  ail  conditions  of  rai 
and  weather. 
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Tabl-E  139. 
'  CoMfAiATivi  DiMuniOKi  or  tkb  Oihuinal  axk  PMtjyr  STAxnAnn  Cos- 

Si>[JII«riO.V     LoCOMOTIVa  or   IM*.    PC.SSItVLVAXIA    RaILKOAI),  AM>   ok    Tllk 
WUT   ShoKI  STAMDAkD  CoXSOUDATIOK. 


I 


$*!••<  cr<ndm 

W«i«fet<a«rt«aa...., 

■■  track 

TmiI  ••hnlbot 

Dnnac-aMil  taN 

PUBMirr  df  driven 

W«Am«  (ikmuic. - 

N»lr  4ua,  miWwi  Mltr^nf. 

"•**>U^h  ...     

I  Ln(ib  

nn-boi-  vruii) 

( I*«piik 

Cmc  larlkcc 

1  Finjwi 

HtwJHMrbtn-iTiikn    

lTni.l 
^■ilteii  uuMt  diuktwr  (hlnntt 
Salfhi  «sp  el  noh  10  lop  d  chiaacjr 

T«»I>«1I! 

lE^pcj 

V*lchi/I.n^ „ 

tTo»l „ 

'^*f^»\c^::.::::.:""::\: 

WbnMiw 

Rue**  «*o  TElnmi 

Taol  XMl-taM. 

LcarkemdL 


WoiShon. 
Mi 


It«J 


)> 


Hueelk*. 


nnu  CooiottilukM  (ram  the  earllM-  dMi^B  - 

CvuHDCiu.— t-'iKica/r^-  dUaiM«  ol  pinafkiod.  ilte  of  potti.  Invd  And  outiidc 
\tf  ut  nil**,  tin  o(  ilidr-bkxlu.  PitlMi-tiMd,  ■  ia.  Uiickrr;  trlioclvn.  a  in.  fanhn 
•ran  (7  IL  iin.):  liHkkbp-  ■><>"'  t'**  pUnn' A  )n,):I«*>l.  A  f«*|iB.;  ncontiiipe.  tp.6 
loc  It  tt].  la.;  iarb  blut-Bouk.  >>S  lor  ii.s  tq.  la. 

JoliBVd AD  inmuvd  mMcriilly.     Drivinc-Aik*.  fiom  6|  x  7J  la  l  xS|;  trutk- 

uloL  (ram  4I  X  7A  Io  j  x  SA;  <Tmnk-pin.  (ram  41  >nd  s  '^S  *xl  ^  n-    Coupliiie~rad 

Brjit.»i.~/'«l»/v/.-  mawriit  (iU«J ;  mnoghl-lfon  lubol.  dUttnt*  bet™  c»tiln» 
«<  tnbca  I.1I  ta.l:  lUeknaa  Ifvbra  (two  Ct  »>.  nnUid*  1  A  i"-  b»i(M.  lobe-pbw  a  hi.>. 
ianrf-pUm,  (  utd  A  *•■  (or  |  la.;  bau<JolMt,  w«lMd  tniide,  (or  tap.    WMer  paie  ior 

TB>&kk.— CwAnr''.-  tank,  19IL  k  43  in.  Mch. 

Th*  Wmi  Sborr  CoMoVdkiioa  wu  dslcncd  br  the  Uic  Mowafd  Piy.  om  of  ifct  mod 
vniMMil  ol  AaMrlcaa  mKhaoical  m^'o**'*-  ""^  "**  doicnid  to  iDcfedc  all  Ihr  IaMiI 
teiprointwaBU  up  10  itj  dU*. 
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Table  130. 

Comparative  Dimensions  of  Engines  more   Powekful  than  the  Con- 
solidation Type. 


Siic  of  cylinder! 

Wcifrtit  ondhTcn ................. 

■■   ireek  

Total  wlwel-bue  

Driving  wb«I-bue 

Diameter  of  driTcn .,-..., 

WuTkinc  pnuurc... 

BoiLIIT  : 
iDiidediam,  tnullcit  boiler-nnE..^. 

T..1—  )  No.  >Dd  liu  (outude) 

^"■"•iLeiigih 

1  Lenetb 

Fire-bo»-{  Width 

iDeplh 

Grate  lurface --......,,...,,.. 

iPire-boi 
Tubci - . .  ■ 
Toul 

Smallnt  iiMide  diameter  chimDey. .. 
He1kI>I'°Po'  rail)  !□  lop  ot  chimney 

TithDRR: 


M*STO[)0i(  T««.  "ELGmia- 

(B  drircn  ;  4  Inick-whecLi-)        i^ADOir" 

— I  (Cent.  Pac.), 

Letiigh       I   (lodriTcn; 
Valley.       U  imck-wh'li) 


CcBiTal 
Pacific. 


i)j  ibi. 


[• 


B9,4J9  lt». 

19.164     ■■ 

»j'  i" 


I  Empty  - 
hi-<  Load. 


Weigh  I  , 

( Total  . . . 

cp"ci.yi?'„r.- 

Whrtl'bAu 


Ekcihi  and  TeNDiK : 

Tota}  wh«J-baH - , 

Length  OTcr  all  .---.----... 


53'  ^H-       I 
64'  o"         I 


DvCAPor 
dtBaldwlA). 
(10  dnvcn; 

I  true  k-»ta  1*1 


l3B,DOD  tbL 

I6.DDD  " 

tf  o" 

4S" 


64" 

s6e,  j" 

lo"  1" 

39W 


Bo.ooo  Itn. 
3.500  galli. 


These  four  en^ne^  are  as  y*t  the  most  powerful  in  the  world.  A  Fairlie  rn^ne 
weighirE  about  85  Kross  Ions  and  havinc  l^P  sii-uheel  drivine-i rucks,  each  with  17X  aa 
cylinders,  with  a  iUr^^ll  liK>ny)  truck  at  tracli  end,  is  running  on  Ihe  Tquiqtie  Railway, 
Id  Peru.     Other  heavy  locomotives  are  given  in  Table  1.17. 

The  Central  Pacific  Mastodon  (the  otipnal  i>f  ilie  lypr)  ha*  hauled  ao  loaded  cars, 
¥feli;hini;  423  Ions,  up  a  long  grade  o(  116  ll.  per  mile.  K>-  Table  170  it  shiiuld  haul  431 
tons.  At  8  tniles  per  hour  it  is  reported  to  have  ^Immi  an  averase  pressure  of  134  IIb, 
per  square  inch  in  the  cylinders.  "  V.\  Gubernadi)r,"  cultinEnff  at  five-siiths  stroke,  at  a 
speed  of  6M  miles  pet  hour,  showed  an  average  of  113  H*.  "i'h  i.»o  lbs.  boiler  pressure, 
or  88  per  cent,  vrhich  is  much  nearer  to  boiler  pressure  than  is  often  possible,  and  de- 
velops Ihe  enormous  tractive  power  of  32.0,19  lbs.,  or  just  39  lbs.  more  than  one  fourth 
th»  weighl  on  drivers.  As  this  is  ^xjut  the  very  utmiisl  the  cylinders  can  do,  it  indicates 
thai  Ihe  cylinders,  large  at  they  are,  mighl  with  advamaEe  lie  larcer.  or  (he  boiler  pres- 
sutc  higher. 
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Table  t33. 
WiiOKTs  IN  Detail  op  an  Old  Illinois  Central    Passengu    Engine, 

l6  X  33   CVUNDERS, 
[AbHnclcd  InHB  amord  lakrn  by  Mr.  M.  N.  Femcy.] 


Bi>iler*hccu.rite»>nd  itiy-bolii 

Bfvccs.  crown-bn,  eic 

Tube*  and  copper  IhimUcf  ■  -  -- 
Ringlordry-pipe.turn'e-itoor.elc. 

Dome  ...' — 

Dry-pip« 

Throule-yi1«,  He  

Swam  and  cjibiiii*l  pipe* 

Petticoat- pipe 

Blower 

Smake-bai  door 

Smokeitack 

Grate  

Aih-paa -  ...,--. 

Totil  Boikr  

Pramea 

Bai1er-brac»  - 

Bed-caujnir  

Tola]  FraiBO 

Cylindert , 

Slc-ini-cheit  ....  —  - 

V^ltei 

PiflHint ,-,, 

CrosA-hcAd  ifuidet---- 

CoDnecting-tDdi - 

Cranli'pin* ... 

Driving- wheel  boiel.   .-.---.   .. 

Vaive-gear  

R«*tr»e-levef  

PumiK    .■■. 

Puinp<1ieck  valve*- 

Total  Machinerr 

Drivmif'Wlieel  centre*. 

lire*  .-..., 

■■     aik* 

Toick-whMla , 

"      axin 

"'      (raoiei.  boaei.  etc    

■■      check-chaiiM 

Driver  4prinu4.  iTcel, 

"      aitnchmefili     

Truck  aitfinf^K ,. 

Total  KunninE  Gca' . 


WiiCHTt— Lb.-, 


Brail. 


n 

'3 


li 

9 


11D 
36 
1% 


"1 

1T> 


Wrought 
Iron. 


'.631 
3.03* 
90 
"4 
loi 
no 
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3S 
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Table  \Si.—CfiniimuJ. 
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Table  135. 

LiNOTK  OF  Sbrvice,  Mileage,  and  Life  of  Locomotives  on  Pennsylvania 

Railroad  (, P.  R.  R.  Division)  to  Januakv  i,  iSSj. 

Pasiingtr  Loceiuelivti. 


Ykah 


8 
9 

10 

II 

13 

13 
14 
15 

i6 

17 
iS 

13 


NuHsiK  or  Ldcohi>tivm. 
Total. 


a 
7 

3 
8 
6 
3 
II 
7 
9 
5 
4 


6S 


In  Ser-       Con- 


52 


13 


Total  Miliaoe  (i  =  looo  milei). 
Highnt.     I     LowtiL 


381 
345 
294 
389 

4a8 
613 

589 
780 
C18B 
637 


780 


344 
148 
364 

147 
307 
319 
2S6 

397 
351 
431 
4S8 


247 


Avenge 
per  Loco, 


363 
30J 

iSa 
316 
391 
36g 
401 
483 
491 
536 
559 


4" 


A*eni(C 

MiLci  per 

Loco,  per 

Year. 


45.37a 
33566 
28.ibs 
a8,702 

3a.573 
28.349 
a8.657 
3a.ao4 

30.689 
31-519 
31.067 


3'. 707 


Freight  Locvmalives . 
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6. 
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13* 
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0 

13 

13 
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37 

34 
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IS 

II 
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13 

7 

S 

43 

39 

14 

44 

33 

13 

36 

15 

31 

a6 

14 

13 

ai 

13 

9 

16 

B 

8 

17 

13 

S 

a 

0 

3 

4 

I 

3 

3 

I 

a 

■» 
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349 

345 

104 

"97 
aao 

379 
389 

314 

3' 7 
416 

454 
440 
416 
56. 
533 
485 
430 
400 

S19 
464 
43" 


561 


130 

147 
193 
240 

235 

aoi 

303 

306 

335 
344 

271 

37" 

324 
308 

35' 
378 

354 

387 


130 


|6t 
176 
350 
z62 
373 
z6o 
287 
303 
3"8 

339 
37S 
39a 
397 
37" 
375 
43S 
393 
411 


301 


33.363 
39.391 

35.70s 
33.715 
30.349 

25  973 
36.063 
35.173 
24.435 
34.315 
35.204 
24  539 
33.337 

iu,630 

19.758 
21.90s 

18.733 

18.684 


33,331 


The  above  locomotives  were  intended  to  give  a  fair  average  of  engines  of  all  ages  and 
cUsss  of  service,  and  cover  about  60  per  ceni  of  the  whiile  nutnlwr  in  service.  The  loco- 
motives having  tbe  highetl  mileaiee  <7So,iSi   miles,   passenger;   561, IJ9  miles,   trcighl^ 
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ant  bMh  nil)  rennlac  and  In  eooil  onirr,    la  tht  oti|cin*l  ■bstnut  ihc  mlla  niD  vete 
pm  u  wMi,  but  k«T*  l»»n  AbtinvUlnl  tu  iht  nnml  Ihmivinil, 

KiMllll(  ol  MCino  Ani  In  lint  out  was  drit  mirodiicpct  m  tM^  ill  (van  bcfoK  date 
A  tiU*,  uid  ■boorattllx  IncrraSB  Ihc  averacv  mllcatT'  "'  ^^^  joungcr  TD^rlncs  nrlollvclr 
WAitUif.  AUuwiiig  fol  Ihli.  Ihcic  It  lilllc  (vldeiue  of  diminution  <>(  jMiIy  niilciea 
Mill*. 

MttitL  PCBKill It AJICM.— £■/■■/  373.  ♦79.a**  mllM  In  l»o  ytan ;  $Hj.ia.4a  fdf 
■tpMn.  w  1. 34  oenu  |«r  mile  nia  i  aSi.JS*  n>ll'>  before  bolnt;  dll  Itti  «li«li  (»r  eriierol 
Bfttn,  £a/Ja'  j;^,  Sot.joi  iiiilw  in  ten  }Ciu>  -,  ^uj.^j  (or  repsin.  nr  i.sg  cpnls  pvr 
Mtrw;  MJ476  oiilea  brforv  b«a|;  cilf  iti  uhtcl).  nnrpl  once  a*  th«  ruull  of  an  act^ 
tm.   ettfutt  1047,  41,510  roilei  b  ihiee  mwiths.  01  461  niUn  ptr  day. 

Hiulieit.  Lowai.  A*cnii>, 
-  TSpajS  Jft*>,»  4S-9J> 
,     S8.»'i         30.000        ,A!»4 

Ateal  Sd  oc  90  pa  cent  of  llic  lirrjlLaKO  ai  (he  wockiiie  parlx  uf  rtiEinn  on  lli«  TMn- 
■ftalla  lUtlroMl  occur  Inunfilliudy  un  sladini:  f runi  a  ilop. 

A  )>(«  btforc  Ihc  G«tman  Society  of  Ue<lij)iiical  i;n|^nc«n  (bowoT  lliat  out  of  ^ 
■Bm  ymuiUUr  a  fait  attracc)— 

*■!  tbafiert  life  aivrf  brolwn  up  after     ........    (I.5y(an. 

wnifciffi  bf«  were  bmken  up  alur 18.5    " 

•S  Mn  In  UM  >«M  iban  Ki  jmrt,  and  avcra;^  of  all  wu  .        .  .  x>.i     " 

Ttc  antage  mlleiGe  ot  Gcrnun  lofxiniotivcs  (TAble  6^  ii  il,8]0  mile*  pet  ytar,  tndi- 
oa^a  raqr  abort  bicumolivc  life  b  aiilta. 

Tai:i,K   t3«. 
ArritoxiMATK  Life  of  Various  Parts  of  the  Locomotivs. 


A*ng(  nQuc*  of  7>  puitM-nc*'  cn|^n<-K.  iRSi, 
17s  rnlclil  tnKlnpi,  iSB*, 


PA»T. 


Authoritr. 


I.>((  In 
Y«»™. 


Llt(  In 

UiKi. 


i*tmmf*n*tt 


rhtlt.  AoiKiun M.  M,.  L.  S.AM.  S.  Ry. 

KnslahUodBu-lR,  p.w,lti.ini 


''n^f.  Tanks L.  S.  A  M.  S.  Report*.... 

*       FniBW.  WOcd M.  M.  AiuKuuun 

^•iiirt,  M  »  uMa  1<J  partial  nnewa1*l  U S. •  H.  S.  Ktporu.... 
"      Ea(l>tlt<tink.ana*.otaUp*tia)M<»gnD(tl,  M   IiulCE. 


O.S. 


M.M..L.  S.AM.S. 


*         "  (bad  *att>) IVarisiH  iwuKca 

Ifci  lai    Hut,    MimiMcmi   imt    tWll 
tTOd,Iii>aihlrd>(r»ic') -.-  ....  M.  M.,  L.  S.  ft  H.  S 

HwJm  tltfl.  it<ttli'iii llr  •ntl  (Imn   or' 
Wpvolht-boa,  abufi  one  third  only)..  M.  M  .  Pb.  *  RudMiE. . . 

^rrt^r    tttfi  tAvlkratiit  fuel,    t»,0OD 
■Km  Im.  t>aHt*cir) .M,  M.  AooclaliDo 

finJtj    UttI  lani/tntettt    fad,    sum 
ailn  IcM.  fivlfhi)    -- .M.  M.  AMWlatian 


■■  toaf 


»  + 

8  + 


to    l^llMI- 

4jgk«a» 
•lOfOeB 


Aio 
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Bid  wilcr  nlimatPd  lo  reduce  Uicic  IiUl  >i«rig*i  About  ioo.ano  milet.  >ad  incnoif- 1 
■o!  miliUfniocc  Stjo  (ti  yeii.  or  'I  I"  3  ffni'  jitr  mtlt  ruo,  in  nlremc  con,  Th»  L.  1 
&  U  S.  u  on  unlamnblc  fid  in  Itiii  mpMl.  l<'imclurmo(  lliEC-boi  theeU,  ruiei?  u 
.m  anrf«j^  uf  3  jrirs  (M.  M.  Ais'n  Ktpurti)  over  ioa>  eii£loa  jitr  uiiium.  alHyd  •»* 
»*/#/  />r  10  ngi»n  pcf  j««r  nn  n»d«  wilh  bwl  nwr,  and  thnmv  d-mn  'n  none  wiih 
purr  wswr.  l-nvmrt  milni:*  o(  (taituicd  plaia.  7S,ooo:  blchoi.  isiACoa  Oocun  onljf 
alicr  depofit  o[  »«al«.  Newly  >U  (mctum  (about  kvcd  OEblhtl  ue  In  ilde  ibecu,  nrttul. 
aikrtbe  tiut  Mbove  Brc 

WtMmg  out  ttittrt.—CiOiti  witer.   Cni-Und,  rrcr}  Uim  wccti.      V.  S.    anrkcc, 
nUoui  nne  month,  but  mucb  nftcnn  with  iMd  wo.     Ikitttuu  r/  iltrl,  ftlaumi  uainjt^ 
•ally ;  lubr4hc«l.  it  to  1";  sldn,  back,  and  crown,  ft";  barrel,  f. 


rifitiH  f*frr,—Gc.  No.  ud  t..,  &  C 
t  U.  KrL,  Ennllib  lpu>.  ind  lri>i[hi>_  McDanntU.. 


7Wn.  Awa,  nrloui  Engtiab  nilwar*  < 
"         "      r<Hir«>  Mfl*  nH 


McDnnnvll.  

(B)rn»L:S.*H.S.Itcpt 


VtMt. 

•» 


Mllc<t«  Lib. 


10   l*7rf 


On!!a»ii!)  taken  (or  Riiiicl)'  new  MUai  hall  ili*  lib  at  ilie  tiiclnr,  wiihOM  or  mur- 

pinciii^  al  end  In  addition,  and  remoi\U  oucc  in  1  to  it  to  ai  -r  ^can.  actadinc  to  wa|i>r, 

lor  rtnimini;  xul*.     On  Bnalon  a    Alluny,  —mi  \-ciy  pioil  walis,  iuba>  an-  nn-*r  r»- 

fnovvd  nor  boileri  blown  oui  rtixpx  tm  rcpsin.    Other  Una.  oner  in  0  to  B  yoin.    Brtti 

iMtft  not  nimiially  tf lilMeni :  require  dMaini;  kj*  IrequcaUy. 

MiImcb 
Tubn.  fr«i  — AverifE  ul  BiiKliih  nluro*.  puWAget.  laif  water  ((nt|bl  Lib. 

^Udui  o(i<  ti^ilf  cnJyi  ..,-...-  --,--..-----..„..-  .,,,„-  HttjH* 

M»ii»u(or«poncd(McUooinlI,  a»«ia(^ol  loywrM , |  i»  Iiuea 

A*l«a.  'na  Urtftn), — L.  S.*  M.  S.  and  J.,  H.  A  I.  ■awK.bifate  naeral)..  jnnnnii 

■■     •'  .,-.,>)-E«ri,^ ^       „  ;j;^ 

"        ■■     irudi.~L.  S.  «  H.  S »»>» 

ll»rlDsa(A<i«>i).— Vanouarailwayi.  per  A"™r-  |  ^^    £p» 

tt'C'ifii  rc|»n.  D.>  U  *  W..  tfjui;  loirmi.  ■■hittddphi*  *  R*adlns.  r«.*« 

^Irea.  i/m'.— I'A"  aTcritte  of  (.'.  S.:  «{,c(w  pet  lumlni; ;  1  lumlnp ..  lOQuBaa 

la  tteat-y  igr%'icc  witb  unall  drircrii.  nr.ir  itbom  half  tJu4,  or.... i..4«  too^ooe 

(C'A" .....,,....•«■*■«..*.  I^.lkiv 

BaRllib  (eporit  rcry  DUily  llic  HUM.  TJi-.<   •  I.,                                             I  nAnea 

I*        ■"■■■  I  le  i$o>M* 

IIH«lnE-«tir«-i  mntrtii — 1>  S  A  M.  &.  K«p«M .•,.„.„.,......,.  t,ia»,na.i 

<Tylluiler>.  -  Siriir  4k  vdtf  Inc.  I 

l-Ywnr.— "  ,\  c|uni>ua  of  KKicJmi"  (H.  M.  Axec).  " 

Tritrlt-wli*al*.HAIinuiar,  of  U- S  .  if"  to  js"  wht«l>},    M,  M..Pti.&Mc.  M-e» 

TeA<l*i-wti**la.-fAlK<oi  iTCnKf  o<  C  S .  u"  wbRli) )&«»■<- 

Tmliw».— Cumman  tliile-Tihlvc  beiiveen  fftcinit^fM.  M-  Avv^c.t-        ...  .......  >>,•» 

"        — Good  baUa<rd.  n<«ril  [uiirmv  lictwnn  ucinc^fM.  M.  Aa'a).,..  ,„     J**" 

Nei*p  TbIb*.  aid  Enuliih  locumQiim  (copper  dre-bai.  bnat  tuba),  aboui 

ID  p  e.  n(  orii^iiui  cou  of  naFerijd*^ 

Tht  locomolivei  of  the  WoDiflvaaia  KaUioad  to  iotv  ihop  (or  central  rapaira  ooea  I 
•S  to  ao  ddoIIb. 
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Table  137. 
Miscellaneous  Extra    Heavy  Locomotivis. 

(A  liM  publiibad  in  Ibe  Natisnal  Cat-Buiidtr.) 


Road. 


Kind. 


FmtttMftr  Ltftnulivtt. 


RmtiiiC 

PruHylTiaiA  . . 

B^diin  Loc.  W*k>. 
ilaiHit  Albuir. . 


Fui  cipcm, , 


CliuK... 


T«ok  locomtrtist 


Fr light  I-Komoti^t. 

Kn^jiif ConioliOjiion.  ........ 

Twelve  wheclscouplcd 

A.T.iSirij  Ft.  Conwliaaiion.  lank 

Cteii.i  I'.u.iiic  ...     MdkuI.  unk  


WaicHT. 


Toul. 


46,300  tbt. 


lOI.DOO      " 
J  113.000      " 


On  Orinn. 


*  6f,ty>  lb*. 

•65.300   " 

t  3S  10  45.000  tbt. 

t  $6,000  Ibi, 


B8,iaa  lb«, 
lot  ,000    " 

:  100,000  '* 

SS.DOO     " 


Di1»- 

en. 


«Sin.. 
66   "  ■ 

60  '■ 


Cyl'a- 
den. 


31  H  H  J&. 

■  B>14  " 

ia"34 " 
■a>»  " 
17  ■  14  ■' 


I  }0  w  14  ' 

I  30  ■  16  ' 

j6  It  24  ' 


■  Oa  (uur  wliecli.       t  Ud  Iwo  wheel).       T  BiiiiDiiieil.    |  Repuned  weiEtii. 


THE  KUNNING  GEAR. 

304>  The  distinctive  pcciiliarliics  of  tlie  running  gear  of  American 
loomotivci,  iis  compared  wiili  foreijin,  are  two:  the  swivelling  TRUCK 
in  Ironi  lin  Eii(;lHiid  called  "  bfigic").  and  the  equalizing  Lf.vers  by 
whicli  the  load  is  kept  uniformly  distributed  on  the  (our  or  more  drivers, 
ati'l  tlie  effect  of  any  chance  irregularities  in  the  track  reduced  to  a 
minimum.  Tlie  first  \va,=p  invented  by  John  B,  Jervis  in  1830.  soon  iiftcr 
Vat  trial  of  the  Kurket  took  place ;  the  second  was  invented  by  Ross  M. 
Winans,  wlui  also  invented  the  double-truck  railway  car  which  has  be- 
come all  but  universal  in  this  country,  only  a  ft'W  years  later.! 

805.  lioth  of  tliuse  invi'ntions,  with  much  else  that  was  novel  and 
mrritorious,  had  their  origin  in  the  necessities  of  the  earlier  years  uf 
American  nilways,  wliicli  required  that  the  locomotives  should  he 
iifapted  to  ri'ady  pa^saye  over  .sharp  curves  and  imperfectly  surfaced 
tr.ick  and  road-t.cd.      Roth  of  them  are  now  gradually  making  tln-ir  w.^y 


]  .A  rru'l-  ((irm  of  double- truck  car  was  shown  to  have  been  used  in  SJiiiriCy. 
Mats.,  before  Win.irs  invented  il,  so  ihai  Winiins  was  unable  \a  siipi.crt  his 
tliiim  for  patent;  but  he  reinvented  it  inde]>enrJeiitly.  and  reallv  deserves  the 
rredil  for  conceivinj^  of  and  inlritducinii  it  as  the  normal  type  of  far.  The 
tcjualiiing  lever  has  been  claimed  as  the  invention  of  Mr.  Thomas  Rogers,  who 
probably  nas  an  original  inventor,  but  Winans  seems  to  have  aniedalcd  him. 
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into  England  and  ihroughoui  ihc  worlH  ;  imd  both  of  them,  bcyoiM) 
rioitbt.  will  eventually  become  universal,  since  tlicy  are  almost  e<)ually 
»(lvantagcout  oil  good  roads  and  on  poor  road«.  ihc  only  difference  being 
that  on  poor  triick  tlicyarc  at>.<i>1utely  indispensable,  while  on  good  track 
they  are  not  jndispci)s;iblc  but  merely  udvantogcoui.  In  great  parr,  we 
owe  to  them  lu-o  adt-antu^tcs  which  cxperieuce  appear*  to  indicate  that 
the  American  luconiotiv<^  posse:M<»:  U  can  (at  least  it  unquestionably 
does)  haul  greater  loads  in  proportion  to  weight  on  driven,  and  it  is  IcM 
re^idily  dinorxaniKed,  »u  that  it  can  ran  in  practice  (at  lea>t  ii  does) 
great  many  more  milca  in  a  day  and  a  year  (sec  Tablet  68.  69). 

The  extent ui  this  advantage  should  not  be  exaggerated,  It  does 
clearly  appear  ihai  on  linit-class  track  (on  which  alone  English  loco: 
tivca  can  be  run  at  al>  to  any  advantage)  the  cost  of  locomotive  repairs 
per  mile  tun  is  noticeably  ditTcrent  lor  cither  lype.  although  the  cost  per 
ton  hauled  is  enormously  in  f<ivor  of  American  engines,  Ncvenheless  it 
atill  remains  irue.  that  wherever  American  locomotives  liave  tiirly  come 
in  competition  with  tho»e  without  their  distinctive  features,  as  >n  Canada. 
Mexico.  South  America,  and  the  Auslrulaxian  colonies  (in  nearly  all  of 
which  the  right  ol  decision  has  rented  in  English  oflictals).  they  have  in- 
variiibly  obtained  the  preference,  with  exceptions  that  prove  the  rute- 

506.  The  original  type  of  American  locomotive,  still  distinctively 
known  as  the  "American"  type,  has  two  driven  coupled,  spaced  S  fL  to  S 
ft.  6  In.  apiirt  so  as  to  include  the  firebox  between  them,  with  n  four-wheel 
truck  in  front.  Until  about  twenty  years  ago  this  type  was  ail  but  uni- 
versial  in  both  passenger  and  freight  service,  but  ibe  name  is  now  rapidly 
losing  its  appropriateness.' 

507.  .'\t  the  present  time  tliere  are  the  following  types  in  common  use 
in  America. 

I.  AMF-RtLAM  (Table  137),  4  drivers.  4  tnick  wheels;  still  approved 
for  tight  service,  but  passing  out  of  use  (or  ordinary  frc^ht  and  bcayy 
fiassenger  service' 

3.  Mogul  (Table  laS).  6  drivers.  3  truck  wheels  (pony  truck):  one  of 


•  Complete  illusiraiions  of  every  <l?t»il  of  the  ordinary  Jorm  ol  "  Anwrican" 
«nslnc.  with  outline  drawings  ol  others,  may  be  (omul  in  Iho  "  Calccliism  of 
the  Locomotive."  by  M.  N.  Forney,  and  draKitigs  and  descripiioot  of  many 
examples  of  all  Ihc  lyiTS  ol  locomoiivcs  heie  named  In  "  Rcrent  Locomoiires," 
toih  putlishcd  by  the  Keitroad  Gauttr  of  New  York.  The  ratalogucs  of  tha 
Buldwln  and  (he  Roficrs  Lafotnotive  Works  also  contain  rJcns  >nd  many  ol 
the  details  of  a11  ordinary  types  of  tocomativci.  with  much  oiher  Interesiinc 
matter.     All  the  above  works  are  valiubic  ones  lor  Ibe  ensineer  10  own. 
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tbtniticst  modifications  o4  the  ■■  American"  locomotive  and  largely  used, 
bui  in  tatlicr  leas  (avor  tliaii  formerly. 

5,  Ten-wheel  (Tabic  iiS).  d  drivers.  4  truck  wheels;  generally  pre- 
lum) to  ihv  Mogul,  snd  At  one  time  bi>l<ling  fair  to  become  tlie  standard 
tfpc  for  licavy  freight  service,  but  now  hiirdly  tending  to  niulliply,  cxce|Jt 
■ilsibeiiiuic  iot  tiic  American  (ur  he^ivy  pasM  11  ger  service. 

4.  CONSOUDATiON  (Table  119),  8  drivers,  ;  truck  wheels :  a  cotnpara- 
tinly  rKcnt  innovation,  invented  by  Alvi.  Mitchell,  superintendent  of 
tbt  Lchtgh  Valley  Railroad,  in  1872.  Ii  has  very  rdpiiilyivon  its  nay 
in$  puUic  (avor.  and  is  now.  ii  is  Iiardly  too  much  to  say,  the  standard 
Anxricun  locamotm  (ur  heavy  freight  service,  and  is  bst  coming  into  use 
fcrill  but  the  lightest  aetvice. 

Tliese  arc  the  only  types  which  can  t>e  said  to  be  in  general  use  for 
Kttl  icrvke,  but  in  addition  there  are  the  (olluwing  in  approved  but 
nurc  limited  use  : 

5  Mastooon  (Table  130),  eight  drivers,  (our  truck  wheels  a  very 
Ttecnt  desi^cn  introduced  by  Mr.  A.J.  Stevens,  of  the  Ceniral  Pacific 
RtilriMd.  in  1881,  and  said  to  be  rendeiiiig  most  exccllcni  service.  Some 
luve  been  built  (or  the  Lchigli  Valley.  It  has  not  as  yet  (1886)  been  in- 
traduced  to  any  extent  on  other  roads,  but  It  is  exceedingly  probable 
ifau  it  Kill  be.  White  not  very  largely  incrcasiitg  the  load  on  the 
dinen,  which  i»  not  feasible,  the  four-wheel  truck  and  greater  load 
thereon  not  only  makes  the  engine  fun  better,  but  enables  the  boiler  to 
be  enlarged. 

6-  FoKNEV.  a  type  invented  by  Mr.  M,  N.  Forney  some  twenty  years 
ago,  having  the  tender  and  engine  combined  on  one  fr^mc,  the  tender 
mnnlng  in  front  and  its  truck  serving  in  lieu  of  an  engine  truck,  so  that 
the  nreiglil  of  the  engine  itself  is  carried  wholly  on  the  drivers. 

M8,  Ttw  advantocc  of  the  Forney  t^'pe  it  thai  It  K'vc*  more  tractive  ponet 
(idhcsioD)  lor  ih«  same  «><c  of  cnKine,  by  pUrinK  [he  eiiiic«  weight  of  the  liller 
Ml  the  drivers.  lis  disailviiniage  U  Itint  the  boiler  of  no  locomotive  engine 
CM  geocnte  steam  enough  10  uliliic  Its  nholc  weight  (or  adhesion,  unlna  at 
tiowar  ihsn  ordinary  trdght  apredt.  or  In  service  lequirint  very  Irequeni 
UOfB.  as  irill  be  seen  from  par.  5^1.  For  tucb  service  only  is  (be  enipne  well 
•dapied,  and  For  sikIi  serrke  only  has  it  come  into  ute.  Ai  this  tcnlce  is 
Ac  cxecptioa.  the  (gnlie  extensive  use  which  the  type  has  recently  been  given 
Mill  leaves  i1  xn  exceptional  type.  It  has  been  uri-ed  (or  use  in  general  set- 
«ioe.  bot  it  not  well  adapted  for  it  in  the  respect  mentioned. 

909.  Other  types  o(  engines  ate : 

7.  Double- Endek,  with  two  "pony"  trucks,  one  at  each  end,  or 
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sometimes  wltli  one  "  pony"  and  one  louf-whecl  truck :  used  chleAr  for 
Aort-nin  local  service. 

8.  Tank  ENCinbi:  a  type  not  confined  to  any  especial  farm  oi 
ning  gear,  but  avuilable  for  any  loccHnotive.  whenever  it  n  dexirablc 
have  very  great  adhesion  (of  xhort  runs.  As  Ihis  adhcsiua  can  only 
Utiliicd  al  vvry  stow  g{>ceds.  without  exrcedinji!  llic  boiler  power,  tllecc  is 
Da  economy  or  advaotagi:  in  placing  a  tank  on  tlic  engine,  except  as  a 
temporary  rcsautee.  unless  for  very  slow  ipecds;  and  bcticc,  naturally, 
very  unall  drivers,  carrying  nearly  the  whole  ucight  lA  the  engine,  i 
usual  with  tank  engines. 

910.  This  type,  carried  one  step  (unher,  rc«ukt  in— 

9.  FAlKl.ie  Engine;  iu-o boilers  placed  back  to  bock  with  a  sin 
frame,  and  carrying  on  ihcir  back  the  entire  supply  of   UitU  fuel 
water.     The  two  "trucks"  oo  which  the  whole  is  carried  are  drivin 
wheel  hiitet.  each  carryit^  their  owit  cylinilers,  wliicb  arc  supplied  wi' 
steam  through  a  swivelling  joint.     It  is  still  leu  possible  I't  engiucii 
Ibi*  type  tluui  for  tank  engines  to  uiiliw  their  gre^it  ;<dhesion  urtli'>i 
execcdinu  their  boiler  power,  except  at  the  slowest  specits.    Conscqucm 
they  have  only  found  acceptance  tor  work  on  vcr>  heavy  gudes  wJ; 
great  tractive  power  it  necessary  and  slow  sjK-eil  tvo  <thjcciioo.  anJ  i- 
such  lervice  ouly  are  they  suitable.     The  type  b  the  invcnikin  of 
Ute  Robert  F.  Fairiie,  tlie  "  apostle"  of  the  tiow  murtbund  narrow-gai 
movement,  and  was  ptidied  Iiy  him  cnutKClically  for  many  year*, 
without   <uccei9.  except   as   re«|xs:tit    localities   such    as   dctcriheit 
f'>rexitiiiple  the  Mexican   Railway  ile«cri bed  in  A|ipciMlix  C).  wlierr  til 
type  iiaadoin:  and  i^doirtRgood  M;rvice,  allliouKh  rer\' coiitly  to  mmntai 

SI1.  Finally,  in  ccitaiu  extreme  rjxes.  where  stjil  greater  ailhesion 
necessary  and  still  less  speed  desired,  there  t*  a  device,  alre.idy  referred 
(par.  49J),  by  which  the  payinj;  toad  is  carried  on  a  pktfomi  stut^ 
twcen  two  tank  enK'ncs.  afid  so  utilixcd  (or  adlii^sion.  iind  wl>cn  ev 
lh«c  devices  h-<ve  nnt  sulKce-l  to  give  ntcesaary  adhe&if.ii  on  vi^tt  hca 
grades,  reliance  upon  in'>islaiil  weight  lo  give  necessary  adhesi-n  h, 
bceti  abandoned  altogelhcr.  except  an  an  auxiliary  resource,  and  recou. 
had  to  other  devices  noied  in  par.  49^. 

SIS.  In  addiiwa  to  ibe  prcviou*  tTp«*  mentioocd,  there  are  lor  yard  uaa 
only — 

10.  Fui'K-witRKi,  Swnni'jiij  Enoisirt. 

11.  SlX-WilKKL  SniTCnifw.  Kkc.ixks. 
Both  of  ibeie  are  made  cither  tank  or  with  tender,  uiualty  the  latter.     Th' 

an  admirably  adapted  by  tbclr  great  iraciirc  power   for  yard  work,  wl 
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deiMnds  great  poncr  even  for  short  trains,  in  order  to  get  them  under  way 
easily,  and  ihsy  are  only  used  for  such  service.  Neither  their  boiler  poirei 
tor  tunning  gear  is  adequate  for  high  speed,  and  in  fact  engines  with  trucki 
ire,  u  a  rule,  preferred  even  for  yard  service. 

S13.  In  all  these  various  types  the  load  on  the  tJrivers  is  equalized  by 

side  levers  connecting  the  springs,  whereas  in  foreign  locomotives  it  is 
not  customary  to  do  more  than  give  a  separate  spring  Cor  each  wheel. 
Tlieetiect  of  this  equalizing  is  that  in  all  engines  of  the"  American"  type, 
and  less  perfectly  in  the  Other  American  types  of  engines,  the  loco- 
inoiii'e  is  carried  in  effect  upon  three  points,  the  centre  of  ihe  truck  and 
ihe  centre  of  the  equalizing  system  on  each  side  of  the  boiler,  in  three- 
Ifggeil'Stool  fashion,  wljich  ensures  perfect  contact  of  wheel  and  rail, 
and  uniform  distribution  of  pressure,  on  all  inequalities  of  track.  For  the 
same  reason  that  a  three  legfjed  sto.il  ahvays  stiinds  solidly  on  any  surface 
honever  rough,  while  one  uiih  four  or  more  legs  will  only  stand  solid 
on  a  plane  surface,  the  lotitl  weight  is  always  evenly  and  fairly  distributed 
between  the  wheels,  however  rough  the  track. 

In  foreign  engines,  on  the  contrary,  which  are  not  equalized,  the  con- 
sequL-nce  of  this  or  some  oilier  and  unexpLiincd  dilleriiice  of  (iLtail  or 
of  administration  is  that  there  is  very  great  irregularity  in  the  pressure 
of  the  wheels  on  the  track.  The  exhaustive  experiments  o{  the  late 
Baron  von  Weber  on  maintenance  of  way  showed  the  pressure  on  the 
rail  van  ing  alt  the  way  from  zero  10  twice  the  average  load.  That  the 
eliminalioi:  of  this  irregularity  or  load  by  adding  equalizers  .should  have 
a  certain  effect  to  increase  the  tractive  power  seems  reasonable,  and  that 
or  other  cause  (perhaps  only  greater  effort  to  utilize  to  the  utmost  the 
fwwer  of  the  locomcjtivc)  has  had  that  effect. 

514.  All  the  diverse  types  of  engines  for  road  service,  both  American 
and  fijrcic;n.  while  differing  in  almost  every  other  detail  of  their  running 
gear,  ai;re('  in  this — that  in  every  case  (except  (our-  and  six-wheel  switch- 
ini;  engines)  there  is  either  a  truck  or  some  substitute  therefor  10  per- 
form tiie  office  of  pilot  for  the  liriving- wheel  base.  Experience  has 
abun'laiitiv  shown  that  such  a  pilot  is  necessary  for  safety  at  high  speeds, 
or  on  rough  track, and  advantageous  at  all  times.  The  different  methods 
(or  accomplishing  this  end,  in  the  order  o(  their  introduction,  are  as 
follows: 

1,  A  fixed  axle,  parallel  with  the  driving-wheel  axle,  but  carrying  a 
lighter  load  ;  the  normal  foreign  type. 

2.  The  ordinary  American /oitr-wMrc/  truck,  consisting  cif  four  wUclU 
on  two  parallel  axles,  the  whole  swivelling  on  a  ccntrc-pin  t.'.  Fig.  loz. 
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y    Tit  tamf  Irmk  ^>ith  a  nuii^  mstion.  the   incchunical  dutaiU 
which  arc  in  subMAncc  similar  to  Figs,  loi,  loj.  permitiing  the  inick  lo 
dcv'ule  somewhat,  Utcrally.  from  the  axis  of  the  dnviiig-irrhcel  bue, 
Oa.  Fig.  too. 

4.  Th*  'poitf  or  Bhseltttuek  (ao  named  from  its  inventor),  consi: 
iogof  only  a  single  paJrof  wheels  on  a  single  axie.  but  wllh  its  mx\ 
atiaclicd  to  a  radius  bar  (c-mstrucied  in  pi 
ticc  as  a  double  ^'^shaped  bar,  as  shown  by 
the  solid  lines;  so  tliiti  the  puir  of  wheets 
""-  swivel  around  a  point  O.  Pig.  98.  6  to  S  feet 
In  the  rear,  thus  having  tile  eticct  to  compel 
the  single  axle  to  Always  rotnain  parallel  with 
the  driving-juilcs  on  tangents,  while  permitting 
it  10  assume  a  ndial  position  on  rtirve». 

ftlK.  All  tlic«c  Four  plans  have  approiti 
mately  the  same  object,  to  icliev'c  the  drivin 
_..  wheel  flanges  of  the  task  of  guiding  the  dri' 
ing-whecl  base  on  curves,  and  to  leave  llici 
only  tile  simpler  duty  of  holding  tbcm  on  the 
nib  againiit  the  ciTect  of  chance  irrcRulaniii 
of  motion.  To  do  ihii.  if  n  be  eflocmalll 
done.  It  is  plain  tliat  a  lieavier  duly  must 
thixm-n  upon  the  flanges  of  the  (orward  wheel 
than  properly  appertains  to  tlie  load  airried  on 
them,  and  app^irently  these  diverse  plati*  wiU 
accumplbii  the  end  with  very  uneqiMl  dejirccs 
olfiffitiOKj,  And  cause  very  unequ.tl  derailing  momenis  in  the  forward 
wheels.  Nevertheless,  each  and  all  oi  ihem  have  bc*n  approved  by 
experience  as  adequate  lor  the  end  in  view,  nor  has  experience  shown  any 
very  great  difiereocc  in  the  coclliciciU  ol  safety  of  each.  By  im-esti^at- 
ing  the  urc  lie  ally  the  nwcbmilcs  of  the  locomotive-whec)  base,  wc  shall 
see  why  LliiJi  should  bt-  so.  and  at  the  same  time  e^in  an  impiortant  insight 
into  Itie  feasibility  of  \iiit\g  various  Ivpcs  artd  sizes  of  locomotives  on 
dillcrent  ;i1igiime:tts.  Tlic  u'sult  of  such  an  analysis,  which  follows  below. 
IS  presented  m  Fig.  107.  page  4JJ. 

516.  The  totk  lu  b<  done  by  the  plloi-whecls  is  In  all  casci  (he  ume— ift 
prevent  the  front  outer  itiivinc-<t>ieel  lit^ige  from  trindine  afainst  the  rail  *nd 
compel  11  10  »und  away  Irom  the  tail,  or  at  least  reiicve  in  pressure.  To  do 
(hit.  force  or  prciiure  mutL  be  applied  at  some  point  on  the  axis  of  the  dririnf  • 
wheel  base  sufScient  to  tause  ii,  in  cftect.  lu  continiMiui^y  rotate;  because  it 


I 

he 
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fnf  rii  (b«  wbcel-ba*e  to  chinp  lu  direction  to  follow  the  ctirve  *oon«t  than 
■  MDnllii  lcn4s  to  <lo  so. 

Tbc  force  <pre«ture)  in  poands  neccuary  to  caui«  thii  roiation  is  the  »amc. 
t***T«r  (ut  If  tk»  Uie  moitoti  ol  rouilon  iihei  place  (ilie  nolle  done  In  (ooi- 
(wnllper  *ecoad  onljr  viryingt.  >nd  rjciei  only  with  O)  ih'  lokd  no  dtivcr». 
4l)lLe  coefficient  of  fricnofi.  wtiicti.  lor  trwoni  w«  ihall  stiorlty  see,  we  will 
uIku  one  ihir<l,  and  I;)  tbe  length  of  the  nheclbaie.  The  rotation  may  lake 
rtm  cither  by  IhroirinK  the  from  Mic  invraid  or  the  rcjir  axle  outward,  or 
bih.twi  wiitual  going  into  unoecetiary  and  doubtful  deiaili  *i  tn  whkh  i> 
min  probable,  which  would  but  liiile  alleci  the  hnul  result,  the  irtisiiag  mo- 
■011  ol  the  drivinc-whc<l  hMC  to  toiation  may  t>c  eitimaied  as  (ollowi : 

Tm»-a  VLR  bHlviNU.<*'KIMtt.  UAML.  Of  length  ~  /  and  total   load  =  fC;  ktliog 
>=Aagaiul  dlitance  from  centre  of  wbcclbaac  la  CMCh  whech 
ReufiinB  moment  M  =  tfrX  eocAcieni  of  friction  (aay  i). 
TiuiE-AXL.K  niitELHAiB.  of  length  =  / and  total  load  -  W -. 

Retlsilog  mament  J/  =  (fffr  +  i  ll^r)  X  coefficient  of  friction. 

r0VK-AXI.S  WIIECI.'BAH  : 

Retiiiing  nkonicnt  M  =  \W{r-^r)  X  coefficient  nl  friction. 

Th«  *alnc»  o(  r  aod  ''  are  readily  computed  from  the  gauge 
9oi  the  length  of  wheel  bax«. 

TSis  relating  moment  i*  ove-reomc  in  any  form  of  loco- 
nMlTC'Wh«cl  bsM  by  a  force  applied  at  lame  poinl  O.  Figs. 
4^.  too.  acting  with  a  leverage,  which  let  =  J.,  varying  with  the 
pkitnn  ol  engine:  an^t  the  amount  of  thia  force.  0.  ii  readily 
dnermined  by  (be  (otmuU 

E" 
r, 
: 


0  = 


T 


517.  Thia  uatctneni  of  ih«  action  o[ 
lbe«r  force*  i*  itKompleie  in  this,  thai  ft 
»n  ol  rotation  of  the  drirrngwhee! 

.Bean  only  b«  produced  by  the  action 

ma mi-ri.K.  and  not  by  nny  (inctr  force. 
AcliMitly.  Ihe-reforc,  it  is  eatential  thai 
o»«  or  the  other  wheels  should  lervea* 
tlalerom.  to  enable  the  fo«eO.  Tig.  (f% 
tr  whirb  ihe  truck  cauics  the  driving- 
wheel  baae  to  rotate,  loacl  :  but  which 
■heel  It  wouM  be,  or  whether  it  would 
1  for  more  lh«n 


^-4-^ 


:  any  ■ 


single  ' 


.  ilew  inaUDta  at  once,  wc cannot  assert  with 
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Bmount  of  the  foK«  O  be  very  greatly  alT«cled  by  any  poitiblc  dilfcteace*  : 
Ihls  TciiprT[, 

In  the  Engtlsh  type  of  vheel-biie,  thre«  parallel  avicit.  ihe  Iwo  tear  I 
driving  axles,  this  Force  (>  is  ai  neccttiiy  all  lupplied  l:y  ihc  llun(e  pI  the  i 
leading -wheel.  In  the  American  type  of  wbeel'baa«.  Fig*,  qq.  too,  ilisot  necei- 
aity  all  tupplieJ  &y  the  ceiii[c-|iin  ul  the  truck  ;  but  It  1*  to  be  remembered,  m 
rtspecii  the  nlieel-bnies  nilli  nioio  Jrlving-aKleii.  IJke  Fie  i)3,  ibil  it  ft  not 
essential  ihai  the  driving  wheel  n^nRci  ihouli)  be  nholly  lelleved  ol  all  trotk  In 
Kiiidiiie  ihc  wheel  bale,  but  only  ih^i  they  ihuuM  be  lo  greatly  leheved  Ibai 
(uch  fliitige  [ireMurc  a»  lemaiii*  to  ihem  thnll  n..i  bi  injurious. 

atB.  Tlic  bleral  lorce  at  O.  V\<x».  qS,  loi,  bdng  |[i*en.  the  mflre  impcxiaDt 
(jiiesilon  temalns  — Ihc  amount  ol  a-JUiuunal  lateral  strain  ibtown  by  it  on  ihc 
IcHiIing  wheel  a,  Fig.  91^.  In  every  locomotive,  ts  Ibey  air  nciUAJ'y  Cnn*ll<MI«d. 
lbi»  wheel  •«  in  mniti  J.iiiiccr  of  niuumlrig  the  outside  >ftiloii<uiv«S.  Thcltange 
pmiute  ol  Ibis  wheel  may  be  ilelcrminrd  ■■  fultnwt: 

In  the  Ameticin  type.  Fig*.  99,  lOO.  the  action  of  the  (nrcet  oa  th«  leading 
truck  it  a*  (ollowa; 

As  a  tD«u1l  of  guiding  the  truck  Iticlf.  considered  a*  ■  separate  vehicle,  the 
reaction  ol  the  mil  agnlnii  (he  (ri>ni  outer  dangc  11  mufii  be  enough,  at  xe  have 
teen  Ipar.  jojl,  10  cau^e  Uitee  of  the  wheels.  ,1.  *.  t.  Kig.  -iq,  to  rotate  nrovad 
i/as  a  cenite:  or.  catling  the  load  on  each  iruck'Wherl  tc.  and  tbc  cocAcicrit  n| 
(rinioM  \  liniiiead  nt  \.  i,*  liir  the  driving  vheel  base,  on  account  oJ  the  tigbier 
tnad).  wc  have  lor  the  lure*/.  Fig.  i;). 

/  -  !"•- 

The  wheel  c  normally  stands  away  from  lbs  rail,  as  Bbosn  In  Figs.  99  and 
10.  and  resists  being  cionrded  up  iLguinsI  tbe  outside  rait  with  a  (orca  =/= 
enousli  ii'  *''d*  '*>e  ihtce  u;heel»  *.  (.  ■i. 

9IP.  The  force  t>  11  equally  divided  between  tbe  (wo  axle*  tih  and  t4.  Fig. 
tfy,  «o  that  xe  have.  Iti  atiy  engine  ttuik  <if  an  American  engine  : 
PreHute  of  leading  wheel  n.  Fig.  qq.  ogainst  outside  rail  =  \  force  OJf  force  /. 
Pressure  of  rear  wheel  f  ig.iinvt  oiiiilde  rail  =  (  force  O  —  forte/. 

The  latter  i*  true  becaiite  ihe  futte/on  the  rear  axle  is  aDegatireor  resist- 
ing force.  If  \0  be  Ktciter  than  /.  the  wheel  mil  be  cron-iied  up  agalittt  the 
rail,  but  iliete  nill  alirays  be  n  force  -^  /ien-.>ing  to  catire  it  to  leare  the  tail,  to 
that  ihe  net  pressure  against  the  tail  nlll  be  iMily  the  diflcrencc  bcinccn  the 
two  forces, 

ftSO.  When  the  truck  is  a  sning-nioilon  truck  the  dittrlbull&n  of  ihe  fnrret 
it  in  no  way  aflectrd.  A  r*»lain  amount  ol  taicral  mf.ilim  takes  fiace  first — 
ibat  is  all — sufficient  to  brine  about  ihe  rquilibriiim  nl  forces  tkelthed  in  Fig. 
101.  u*  one  might  take  out  Ihc  slack  t\  a  chain  bcfuie  il  comu  lo  a  beariii 
and  then  the  force  O  .icii  as  before. 

Right  here  we  much  upon  the  leading   Ibeoteilcal,  and   la  tact  pradicl 
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ottjcciion  10  the  sning-moiion  truck,  although  its  true  CAUse  is  not  alwajrs  ap- 
prcriaied.  We  have  seen  (par.  5l6)lhal  ihe  force  O  is  a  constant,  regardless 
ol  ilif  radius  of  currature.  Consequently,  whenever  this  force  is  called  inia 
inion  al  alt.  the  same  amount  of  lateral  deflection,  Qa.  Figs,  too,  ioi,  103,  will 
uie  place,  or  lend  10  lake  place,  unless  si<>|)ped  by  the  driving-wheel  flange 
amlni  in  coaucl  with  tbe  rail,  which  ii  is  the  object  ol  the  truck  to  prevent. 


!/   i 


i..- 


Fig,  iot. 


Fii;.  iM. 


531.  This  is  nni  at  all  what  is  desired,  since  it  correctly  adapts  the  wfacct- 
lijie  to  motion  on  only  one  curve,  that,  namely,  on  which  (he  distance  Oa,  Fig. 
toi,  =  the  offset  to  the  curve  at  (7  from  a  tangent  to  the  curve  at  i.  This  must  be 
on  a  comparatively  sharp  curve  if  the  very  object  of  the  swing-motion  (to  enable 
ibe  locomotive  to  pass  sharp  curves  easily)  is  10  be  attained.  On  easier  curves 
Ihe  amount  of  deviation  which  the  swing-motion  permits  is  as  much  too  great 
IS  that  o(  the  fixed  centre-pin  is  too  small.  On  all  easier  curves  the  wheel-base 
will  tend  to  assume  a  position  something  like  Fig.  103,  which  is  still  less  favor- 
able than  the  normal  position  of  an  American  engine  wheel-base,  without  Ihe 
■Xing-motion,  outlined  in  Fig,  100,  li  is  true  thai,  owing  lo  the  splay  given  to 
the  links  of  the  swing-motion,  there  is  a  certain  amount  of  resistance  to  any 
Weral  motion,  however  slight:  bui  this  is  not  sufGcienI  to  restrain  the  tendency 
I"  assume  the  position  shown  in  Fi;;.  lur.  and  hence  has  little  remedial  eSecL 
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622i  ^o''  these  reasons  Itie  sning-mulion,  allhough  very  largely  used,  has 
never  shown  the  advantage  over  the  fixed  centre  whicb  it  probably  would  if  the 
lateral  devialioo  were  in  fact  proportioned  to  radius 
of  curvature,  as  it  is  oflen  assumed  (o  be.  As  orig- 
inally designed  by  Mr,  Bissell  (lur  "  pony"  trucks) 
it  was  not  open  to  ibis  objection;  two  inclined 
planes  being  used,  in  the  manner  shown  in  principle 
in  Fig.  103.  which  offered  the  same  lateral  tesiu- 
ance  however  much  or  little  motion  loolc  place. 
But  for  practical  reasons  (rapid  deterioration  of 
bearing  surfaces  and  impact  when  bearings  return 
to  the  centre)  this  (orm  has  passed  out  of  use,  per- 
haps in  part  (or  lack  of  giving  due  weight  10  the 
theoretical  advantages  which  it  undoubtedly  pos. 
sesses. 

323,  The   manner  in   which  the   two-wheeled 

Bissell  or  "  pony"lrQcl[  (Figs.  lo.],  lOjl  relieves  the 

Pio.  lo},  driving-wheel  base  of  lateral  strain  is  quite  diScr- 

■ent,  and  much  less  clear.     Apparently  it  ought  not  to  assist  at  all.  except  la 

the  very  slight  extent  (especially  on  easy  curves)  by  which  the  resistance  o(  the 

swing-motion  (Fig,  101),  which  is  directly  over  the  axle,  resists  lateral  motion; 

fur  it  is  free  to  swivel  around 
its  bearing  at  O  (Figs.  104  and 
98).  regardless  of  the  remain- 
der oi  the  wheel-base.  It  is 
known  to  have  in  fact,  how- 
ever, a  very  material  effect 
upon  the  molicn  of  the  wbrel- 
base.  and  theory  very  readily 
"""""  Indicates  10  us  why  this  should 
be. 

The    •'pony"   truck    natu- 
rally tends  to  roll  forward  in 
''■°-  "■=■  a  ri?hl  line,  parallel  10  itself, 

as  in  FiK.  104.  The  rigid  driving-wheel  base  behind,  and  not  iis  own  tlanqc  or 
its  coiiinK,  as  we  shall  see.  compels  it  to  move  in  a  curve.  10  do  which  the 
driving-wheel  base  must  exert  a  stress.  O,  Fig,  104.  in  the  opposite  direction 
to  the  arrow,  of  sufficient  magnitude  to  produce  motion  in  the  direction  at. 
Fig.  105.  and  thus  slide  one  or  the  other  of  the  wheels  continuously  on  the  rail, 
compelling  ihe  leading  axle  to  move  in  a  curved  path  instead  of  a  straight  one. 
The  resistance  of  the  wheels  to  this  sliding  creates  one  or  the  other  (not  both> 
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■>>  ihe  tito  forc«»  npitstnit<]  by  (h«  loDgiiodiaal  arrows  in  Ptg.  vn,  and  (or 
IbltoK*  O,  restiltine  thefefioro,  «e  hare 

O  m  (iMd  on  an«  ohccl  X  <oe(.  frjct.)  X  |-yj-*— "j'.  • 

914.  Leii  iha  nhccU  alwuld  lun  io««n]  ibe  oui«*d«  rail,  and  from  coaing  or 
MlwtwiM  Mlapi  ili,«jr  diUDcUre  10  niuura!!]:  itarel  in  a  cutve,  we  bave  ibl» 
'nniitr  precaution  i 

To  inalitc  bdih  th«  pooy  itiKk  and  the  iiaafvcree  axis  of  th«  driring-whMl 

bate  to aMumc  raitial  po»tiion*.  ibe  radrusbar  of 

lh«  poey  truck  ilxniid,  from  well  hiiown  propcttles 

of  Ihe  circle,  pit-ot  at  Ihe  paint  O  (Fi'if.  io6>.  mid- 

^ybciwccnt-andthe  " pony" ajile.  Iliboneilhan 

Uiii,  «•  u  tf,  F^g.  11)6  (u  It  atwayt  It),  the  dnvlof- 

•vbMl-bAtc  will  throw  the  rear  end  of  ihe  roditit- 
bat  nver  through  a  cerlain  diirisnce  ("'.  Fig    io{) 

toviitd  Die  tnitildc  rai).  >nd  thus  create  m  li  m 
tai*d«»c]r  to  tun  toward  the  Intide  rail  and  away 
from  (he  outside  rail,  Ttii*  letideiKy  ii  inercased 
by  tlie  (act  that  it  it  the  rcai  aad  not  Ihe  centre  ot 
the  drivlng-wbcel  base  which  tend*  fpai.  3^  and 
Tig.  k4  to  auutce  a  radial  pMitlofl.  the  (roni 
outer  dririan' wheel  lending  of  iltcll  to  crowd 
bard  BsaiiMC  ihe  outer  nil. 

S35.  Thete  two  caatet  together  entQre  ihai 
■be  pooy  axle  shall  always  have  a  cnniinuoiis  tcn- 
deocjr  to  run  toward  the  inside  rail  and  a»ay  from 
(bi  uitikle,  aad  If  the  todics-bai  be  made  ttko 
»b(KI  Ihit  tendency  brconie*  to  decided  that  inju- 
rioiu  wear  resulti.     Thui.  in  a  CiwiKolidatiun  en.  f,c  ni. 

fine  of  the  Kor(olk  &  Wetiern  Railroad  the  radius-bar  was  orininally  onljT 
4  It.  >  )n.  lontt.  and  created  io  Mronc  a  tendency  10  run  to  the  iniide  ta.il  thai  It 
•as  (en|[thenfd  10  %  ft.  6  in,  lonit.  with  very  beneficial  rcault*.  Evea  then  tha 
ftml  O  was  lonje  q  ft  ahead  o(  the  centre  of  the  wbeel-base.  1,  Fig.  tola,  so  that 
k  wa*  iiUl  much  shorter  than  wai  apparently  requited  to  enable  the  wheel-base 
(»  adapt  IIkU  idcai  peifcnly  to  the  curve. 

No  x-ery  ttrunK  tendency  in  Ihe  pony  axle  to  ran  toward  the  intide  raiJ 
H  ncccuaty.  but  only  juii  enoush  to  emure  (he  drlvmit-wheel  base  shall  lo 
tact  tnodily  Its  natural  path  In  Ihe  way  nullmed.  by  however  little,  ttnce  II  anjr 
lorce  wbaimt  (O.  Fif,  104}  need*  to  be  applied  to  cauie  Ihe  pony  axle  to 
(Oil  (a  the  cntre  it  miul  necessarily  be  adequate  10  illp  the  wheels  un  the 
raiU:  the  stress  ttctcssary  10  ilip  ibetn  a  Utile  is  as  great  as  to  slip  (hem  a 
Co<d<kaI, 
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From  thU  JC  will  be  seen  Ihnt  i(  '  =  ; (Fig.  lojl  i)>e  Isieral  force  M,0  nect«- 
•ary  to  iller  the  path  ol  the  Icudins  wheeM  is  jU»t  httlf  tA  jGtOI  •»  ■(  itieM  w«r« 
•  fixtd  KXle  at  O.  in  ihe  BnKlisli  iiyle  vbccause  there  ii  only  one  *bcel  to  slide 
inuead  of  two),  with  the  added  advjn(«ee  <hat  the  poo;  axte  i%  approximaielr 
fadlat  >Dd  guided  hy  the  wheel  tia»e  behind,  (o  u  Ui  relieve  the  pony  lUnget 
of  *ltain.  and  (hut  kdd  sfrally  to  safely. 

In  addition  (o  the  force  O.  Fig.  104.  the  mine  motion  of  the  pony  track  Kip> 
piles  any  de*lred  aniuuni  of  ■dditluiuki   lateral  lone,   directly,  whcnevcc  tl 
rnjcine  is  running  on  curres  sharp  eriotuth  to  develop  it  fully. 

626.  Tor  the  ("rcc?  RCltng  on  tlic  leading  outer  wheel  o(  any  locomo-' 
live  wliccUbatc.  tlicn.  if  il  it  in  fuct  to  perform  the  olHcu  uf  K"n'''iS  ^^^ 
complete  whocl-ba^c  on  curi'cK.  we  have  thcM  uonditiom :  There  id  a 
venicutl  compnnriit  cqti.-t!  to  the  loail  on  the  wheel,  ami  there  i»  a  hori- 
CMninl  component  e<iunl  to  the  lofccs  tleteraiined  (oralllbe  varioiu  ty|ie« 
in  pars.  516  to  jij.  Tlieae  forces,  as  compiiled  fur  a  ([real  variety  of  li|(bt 
and  heavy  cngiiies  of  all  type*,  have  been  {>totiG(l  in  Fig.  107,  urhtth  rep- 
mtcnt*  graphically  the  comn.irutive  Aei^xt^e  ul  safety  of  various  tvpes  of 
locomotivo  for  p<i<sii>g  <  utvcs ;  ami  the  surprising  detree  o(  uniformity 
which  ihcy  shiiw  in  a  ntcasurc  tcudis  to  contirm  the  correctness  of  our 
conduihions.  uncc  experience  ha»  »liot*n  that  there  is  in  fact  no  markei) 
difference  in  safety  hetween  the  engines  themwlves. 


Note  to  FtO,  \tt\. — Th*  itiJcnn  ifiiks*  in  macnitud*  and  dindinn  Ihp  rcMlla«t 
the  horiKinUI  and  vntical  foras  Aetinj;  nn  the  [tuni  iiut«r  lru<k-i>hed  ol  hxnoKXi' 
wbeel-baieiof  alt  oininioi)  ijpa  ok  cvKvtti  or  anv  itatiivi  (the  umc  belag,  except  lor' 
Uriarawn  vaiUtiuin  in  ilir  iiicfficiant  ■>(  fridtnn.  LKiroRM  for  ai.I.  luliii). 

The  n>m[iif  jiivT  tifriy  m-ij  be  conudcrrd  M  taryins — 

Fit'l.  Wiih  ihe  iiiKCt-iios  of  ihe  nsulunl.  ai  beinc  mote  or  le«a  indisMt  l«  the 
horlMenal;  tbo«e  mott  Indined  tteina  the  ulen.  oiher  ihinei  txing  equal,  lUwe  the  fc> 
■UiancetO  th*  flanf*  inuuntifli;  lli*  raiU  in  thi-n  i;ipaint. 

Standly,  ami  chicAy.  With  the  NAONirvDE  of  (he  resulLaai.  <a  total  pnaHiie  o(  Iht 
wheeJ  ai;aiDsl  ilie  ralL 

All  Ametlcaii  emimta.  embracint  a  (reat  vatltty  of  dniem  and  waithl*.  ■ill  be  »md 
to  lie  vitlitnihe  unall  <)i]Ar)ti lateral  niark(<d  om  by  the  paints  1.  3,  10^  15.  Th«  mar*  com- 
men  Enclish  typs  cauie  a  far  creoter  pnuun  acajntt  the  nib.  but  ai « tompeDSUHie 
adi-antaj;'  haw  more  nnulj  TenluJ  rtwtlunu. 

Dttaib  Ab  tii  all  Ihe  luMniuinn  ihiivn  oaf  be  fuund  vither  in  "  Rront  [.nmnintin^' 
Forney'*  "CaiKhiim  of  the  I.oioaioiiiv"  (ft^iliaad  GaKtt*).  or  Barry'*  "K^ucay  Ap- 
pliances" (Sponl. 

MalrNEB  OP  COHSTRL'CTiKa  THE  Diaoaaki, 

The  nnlcal  ordlnaia  represent  the  kud  Ui  pound*  an  the  front  outer  »hecl. 

Th*  horltontal  ataritt*  npmrni  ih*  iMeral  •Inw  in  |K)undt  actini;  an  Ihr  vIhvI, 
shlch  tnntiMt  of  (ii),  viih  (oui'irtinl  trucks  rmly.  the  flanK*  pmsure  necasary  ii>  cau«e 
rr4ation  In  the  tnidi.  and  (Aj  kti/  ijie  force  O,  ngv  99  and  lot.  requiml  10  be  api^Ued  at 
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thec«ntTC-pfa<rfthttnKk(orallof  Itin  thetasrortwo-whc*!  "ponr'inKkit  tafnducp 
roUtloD  of  Iht  driving- oiled  btat. 

T)i«  iiriCKH  (j'lies  o(  locomoiive*  shown  ait : 


U-whnl  truck.) 


I  1— CMilral  Pjicific. 
\  J— Lvhik'li  ViUpf. 


CoNKiUDATloK,  I  J— llaldwln. 

(Ponjr  liuck.)         I  4— rmiujrlv'a  (CUs  I). 

Ti:»>«-iiu:i_        t  J— Baldwin, 
l4-ith**l  liuilc)     I  6— PenntTlvinia. 


Hoctiu 
<Ponr  truck.) 


I  7— UjJttola. 

1  11— Htavy  UopiL 


Amkmican. 
(4-whacI  iruck.] 


EHOUslt. 
IN 
in|;  Alls, ) 


7— BuMwin. 
10 — Pciinkif  Ivaitia. 

14 — IVoiuylrtnii  tail  pu- 

ij— Oil)  (lieht)  tan  pa> 


<o  Uack.  lend- >        .. 


TAACTIVB  POWER. 

527.  The  (rittion  between  the  drivlngwIieeU  and  rail*  which  prevents' 
Ihcin  Iron  slipping  aiid  eiiableti  them  to  propel  tlic  train  is  a  static  or 
mcrrly  resisting  friction,  ns  diitinguiihed  from  iiv.namic  friciiofi.  or  that 
in  which  motion  takc«  place  between  the  surface*  in  contact,  with  result- 
ing destruction  of  energy.  It*  cause,  beyond  iitl  question,  is  an  iibS'>]ute 
interlocking  of  the  roughnesses  or  projecting  fibres  of  thc«iruccsln 
contiict.  a«  cogs  might  interlude.  Tiiut  this  i>  csseniiully  true  of  all 
friction  lieiween  metallic  xurfuceK.  under  the  most  favorable  circumftanccf. 
wasctiriou«ly  «bown  by  cxperitnents  of  Mr.  Bi^auchamp  Tower  *  on  the 
most  finely  polished  and  completely  lubrlci*tcd  joiirnals:  a  mere  change  in 
the  direction  of  revolution  resulted  in  a  noticeable  but  lemporary  increase 
in  the  codfTicient  of  friction,  for  which  so  careful  and  competent  an  ob- 
server could  ascribe  no  other  caimc  than  that  the  fibres  were  stroked  one 
way  by  a>ntinuous  revolution,  a*  fur  might  be,  and  that  on  motion  being 
reversed  the  libr»  opposed  each  other. 

838.  Our  best  enisling  evidence,  by  (ar.  of  the  general  laws  whtcl 
govern  static  friction  between  r.iil  and  wheel  i^  coniained  in  two  papers 
by  Capt.  Douglas  Galton.  giving  tlie  results  of  experiment)  on  bfakc 
efficiency  conducted  by  him  and  by  Mr.  Ceo.  Wcstinghousc  in  1S76. 
These  experiments  arc  <|uitc  unique  in  ihc  completeness  and  accuracy  o( 
the  apjiaratus  used,  and  (wliat  is  iitill  more  imponant)  in  the  thorough- 
ness and  technical  knowledge  with  which  the  rcc^irds  were  analysed,  and 
they  positively  contradict  the  a'sumpiion  Tomctime«  made,  thai  the 
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coefficient  ol  friction  between  rail  and  wheel  is  greater  at  low  speeds 
"oa  Bcoxint  of  less  time  for  new  t«xt\*<xi  tu  interlock."  * 

An  imprcMton  that  the  .idhcaiun  is  less  at  speed  haa  been  derived,  in 

ne  tnsuuiccs.  Irum  dynamometer  rccordi^.  which  shows  f»r  leas  tractive 
patl  between  stations  than  tii  sinning.  This,  however,  results  merely 
(nua  the  fact  tbu  the  cytindcfs  are  not  able  tQ  exert  tbeir  full  power  at 
speed,  and  has  no  real  connection  with  tbc  adhesion. 

Xo  error  o(  moment  can  arise,  therefore,  from  assuminf;  that  the 
rcttsiance  of  the  wheel*  to  xlippint;  is  sensibly  constant  at  all  speed;).  It 
is  only  at  slow  speeds  that  the  precise  amount  of  adhesion  becomes 
inportanlt 

TImi  the  coefficient  o(  kJhction  is  the  same  at  all  ir»in  fpccds  b««  not  btei» 
tiperimen tally  ptoren:  but  howvTrr  fast  the  oioiion  of  ihe  locomotive.  »o  lonn 
u  (he  driven  do  ooi  slip,  ih«  adhesion  is  equally  tiatic:  and  the  only  reason 
•fey  Ibe  adbesion  should  be  less  at  high  speeds  I*  that  (he  librcs  arc  afforded 
Ins  (ime  to  cooipleiely  enicai-c  niih  each  other.  Thst  this  difference  may  bsr« 
wine  slight  effeei  it  |>oasibl«,  but  as  the  available  cylinder  powfc  latls  farmutv 
ftfidlf  "iih  increase  o(  ipecd.  it  is  a  lati  which  Is  not  imporutii,  even  il  true. 

939.  WKFJh'  .si.iPi>iNC  HAS  ONCB  BEGUN,  howcvcr.  the  (Conditions  are 
very  different.  CbicHy  from  the  Gal  ton- Westing  house  experiment* 
before  referred  to.  wtiich  are  confirmed  from  other  sources  and  by  uni- 
versal experience,  we  may  derive  the  foltowinfc  conclusions  as  to  the  Ken- 
tral  laws  wbicli  Kovern  friction  between  nil  and  wheel ;  all  of  which  cor- 
respond closely  With  the  results  of  modern  inve^iiigations  of  other  kinds 
uf  friction. 


*  "The  Pennsylvania  Rallrasil  Company."  by  Jantcs  Dredge:  Appendix  oit 
Brake  Trials.     Tbe  exact  Isneua^c  nf  Capt.  Gatton  no  this  point  li: 

■*  Tbe  atiMMnl  of  friclional  resistance  which  determines  the  point  at  which 
the  rotation  of  wheels  is  checked  varici.  it  is  true,  in  the  different  experiments. 
Thr  ratio  wbi^h  It  beais  to  the  weight  upon  the  braked  wheels"  varies  loiii  19 
to  3;.  Bveraginit  .15.  "Hut  it  [the  riirialii>iis|clearly  represents  simply  (he 
•iiaesMm  beiwccn  the  wheel  and  the  r^iil.  and  varies  only  with  this,  and  not 
■iib  the  speed- 

"  Tkus  at  60  miles  per  hour  the  amount  of  frictionsi  resistance  which 
cbteked  ibe  rotation  of  the  wheels  was  about  3000  ll>s.  exhibiting  an  adhesion 
al  about  .igt  per  cent:  at  is  miles  per  hour.  3160  lbs.  or  .196  per  cent.  As 
Ibtse  two  values  arc  so  nearly  equivalent,  it  would  appear  that  the  effort  is 
■•ch  the  same  ni  all  speeds." 

t  D.  K.  Clark,  a  usitalty  careful  authority,  states  (pu  714.  "Man.  Mecb. 
Enp  ").  "■  As  the  speed  Is  increased  the  adhetion  Is  reduced," as  a  result  of  hlB 
nwn  tests  of  locomoiive*.  The  anihir  cs'inni  bui  believe,  bowerer.  that  thi» 
b  an  over'basiy  conclusion  by  that  able  and  usually  inutwotthy  writer. 
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I.  The  coefficient  of  sUtic  friction  between  rail  and  wheel  is  not 
sibly  aflccicd  by  the  velocity  of  motion  (as  above). 

1.  It  IS  very  greatly  aRcctcd  by  the  insistent  weigltt.  increasing  rapidljp 
tlicrcwitli. 

3.  It  is  very  fp^^tly  aflcctcd  by  the  condilloo  of  the  turfafcs  as  re- 
spects moisture  or  oilier  cquiviilent  (or  a  lubrictnt,  even  wben  ih«  eje 
can  detect  no  dilleicncc.  and  i»  very  considerably  atlccied  by  unktiown 
causes,  so  tbai  it  can  r.irdy  be  determined  twice  klikc. 

4.  It  w  greatest  when  ll^c  rails  Arc  very  dr>'  or  (probably  for  the 
son  that  the  minute  miiieialand  nicii^illic  patticlcs  u  Inch  a<t«s  rollers  are 
U'Sslied  away)  very  wet,  moist  tire  or  frost  having  the  most  injuriouA  eKcct. 

5.  Tbe  coellicient  of  dynamic  or  sliding  fiictloii  is  vcr^  greatly  icu 
than  Italic  Inaion.  and  very  greatly  affected  by  velocity,  in  inverM 
ratio  thereto.  At  the  instant  when  slipping  begins,  the  velocity  o(  ibe 
rubbing  mii faces  bcingvcrysinall.it  isscntibly  the  same  as  static  frict<oo, 
but  at  the  velocity  becomes  greater  it  falls  very  lapidly.  until  it  is  hardly 
one  ihird  or  one  (ourih  as  great  .i»  the  static  friction. 

Tables  iti.  \\y  pa^e  190^  situw  the  general  results  of  these  tcfU. aitd 
the  evidence  on  which  the  above  conclusions  are  based,  more  clearly 
than  words- 

From  thrse  laws  it  necessarily  results  that  when  slipping  o(  tlw 
drivers  once  b^inn  the  resistance  to  further  slipping  (coefficient  of  friC' 
lion)  should  ^(Imost  insundy  fail,  and  hence  th:il  the  wheels  sbotiM 
almnst  inMtantIv  t>efjin  to  "spin:"  i.e.,  the  surplus  energy  of  the  drivers, 
no  longer  recjuireil  to  turn  the  whceb  against  a  great  resistance,  but 
only  iigainst  a  smnll  resistance,  must  necessarily  go  somewhere,  and  is 
stored  in  the  wheels  in  the  form  of  velocity,  sometimes  making  ihem 
''spio"s<t  violently  (irhen  stciim  is  not  shut  off  soon  enough  k  as  to  wear 
holes  in  the  rails  one  eighth  to  one-half  inch  deep.  This  spinning  is  not 
an  evidence  of  overloiiding.  since  (par,  4831  in  any  well -designed  engine 
letting  in  the  full  power  of  the  cyliniiers  will  in  any  case  give  a  greater 
tractive  eneiyy  than  the  wheels  can  transmit.  The  proper  course  when 
it  occurs  is  to  shut  off  steam,  let  the  drivers  come  to  rest,  and  start  more 
gradually.  If  engines  are  m  he  Wded  up  to  their  full  capacity,  only  ihe 
greatest  care  can  prewnt  this  phenomenon  occasionally  oecurrinK.  and 
ii  docs  occur  consiantty  in  pr.)ciice.  in  starting  trains,  altliough  rarely 
when  in  motion,  except  when  the  train  is  almost  at  a  stand>still. 


B30.  A  lontr  lis!  of  actual  performances  of  locomotives  in  ser- 
vice is  given  lu  Tabic  138,  and  from  this  and  the  further  daia 
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belov  it  is  ckar  ihut  itie  following  jivernge  cAefRcieiits  of  adhe- 
non  may  be  assumed  with  sufficient  cxhcIiicks  hs  corresponding 
closely  to  the  results  o(  American  practice.  Kuropcan  practice 
ffur.  J37  and  Tabic  13<^)  shoM'S  muctt  lower  ratios  of  adhesion  ; 

Mtn.  n*ad  on 
drlTtn  E  i.cn). 

I.  Ultimate  limit  of  adhesion  in  practice,  under  con- 

diiions    in    all    respects    favor.(ble.  aiul    with 

loads  per  wheel  exceeding  to.ooo  lbs.,   .    .     .  0.35  to  0.37 

I*.   Working  limit  of  adhesion  when  sand  is  used,     .         (|)  0.31 

\y    M'urkini;  limit  of  adhesion  in  ordinary  »iimmer 

weailicr,  and  miiximtini  limit  wiili  loads  of 

less  than  10,000  lbs.  per  wheel (J)  0.35 

4-  Working  limit  uf  adhesinn  on  slightly  nioi)'!  nr 
frosty  rail,  being  the  .tpparcnt  average  of  ad- 
hesion  which  limits  the  weight  of  trains  in 

winter  (as  to  which  «ee  pnr.  6^3) (})  0.  ao 

S'  AiTCR  THK  WHEALS  HAVB  ONCS  sui-PCi>,  the  Co- 
efficient rapidly  falls  (see  Table  113)  to  less 
than (iig)  0.10 

ftSt,  The  first  of  these  limits  was  realized  by  Zerah  Colburn 
OS  early  as  1853,  and  with  light  locomotives  (ro,ooo  lbs.  per 
driver),  in  his  still  famous  tests  un  the  Eric  Kailway.  and  re- 
peatedly since.  In  a  large  niimlier  of  recoided  instances  ir;iins 
have  been  hauled  In  regular  service  which  demanded  nearly  or 
quite  one  third  adhesion,  but  only  as  exceptional  perlormances. 
A  kng  list  nf  notes  as  to  such  trains  might  be  given. 

&32.  The  second  limit  {when  sand  is  used)  is  less  fully  deter- 
tuined,  but  various  dyn.imometcr  records  of  the  cScct  of  sand  to 
increase  tractive  power  indicate  that  it  increases  the  working 
limit  of  coefficient  to  about  \  under  all  conditions  i>f  truck  or 
weather;  thai  is  to  s^iy,  it  makes  the  a<lhe»ion  on  a  bad  rail  us 
high  as  on  a  good  one.  On  a  good  rail  it  does  not  appear 
that  the  coefficient  of  adhesion  is  iipprcciably  increased,  but 
what  is  gaincil  by  the  sand  is  to  retard  the  tendency  to  slip. 
Direct  evidence  on  the  subject  is  scarce,  and  there  is  no  doubt  a 
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138. 
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71/  cal«Mt  it  induded  In  ibo  btom  totdc  [Ivcn  when  OMd  on  train,  althouich  not  in^ 
chidrd  la  Itii  of  am. 

r»*  juumftt  rjtlf  ef  ai/itilm  tard  In  lhl»  volum*  (u  •l»o  by  the  R»li1«i-!n  Lnrmnii- 
lln>  Worin)  i>  ^j.  'I*hr  |)ci>.fti<M^  b>  which  Ihe  (alculalod  kutd  uUira  rriiiii  Table  tjo 
•KVMd*  or  (iLU  bcliAv  ili«  ?rjiii[iiil44]  LujuJ  mAjr  bfi  ntimafrd  by  Ihi*  fiklKiwini;  ; 


Aa  Unnud  adhoiooof  |  wauld  iiKruie  Ihc  csIcuIaMO  kud  jj(  ps  ont. 
ti        •■  «         •■   I      ■■      Jrcreatt    "  ••  ■'     jo     '*      " 


l^^5^ 


Tin  frimiiptt  taint  t/  Iht  flmilaaiinnf  bciuHii  the  iciual  and  compuWil  load*,  I 
enr,  lis  Is  the  («t  ihii  Ihu  rfi[Kir1(id  iciadiviili  xn  mil  Hi*  aduii  dt-/aira  cradtenli  for 
operwlnK  purp<»M.liut  ire  incRoird  in  rff pel.  in  wimf  inilaDCM.  byuncotnpeautodcuTT;^. 
tuir  <>t  i.Itippinc-|)Oiiil>  on  the  nxulnium  s^nit.  ind  iIimlDlihtd  tn  Oth*n  by  thf  dm  □( 
moniwitiini  to  Mrtw  In  »urni<iuniini;  tlmm.  N<>.S(Ku>ut  Pic>liO«nd  No,q(U.,  K.  &T.> 
ue  couptcuoiw  InaUDcn  of  ibt'  totter,  the  lotdi  rEpunnI  ai  hauled  belnt;  bc)<m)  all 
pMbabilitjr  tta  it^otl9  ETiidHof  Iheclvcn  rsle.  Nos.  i.  4.  10.  11.  14,  uid  17  m  piob- 
■Ujr  Ism  coni|>i<uoua  Inuuicm  of  Ihc  nunc  o«  of  monirntuin  itipnuHttlfy  nduairwJn 
belo*  the  proAIe  nte.  tn  Ndh.  17.  39,  61  Ihin  wu  eipre«!]F  lUted  <a  be  ilw  tiur.  anil 
(ibc  lencth  of  Ibe  (nile  bclog  fyitb)  the  conapoodlne  dt^meit  ptdt  pei  luilr  t> u  tnin. 
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of 


*hlr  i;o  oJh  (o»  •«  to  bt  cipluined  hy  liicii  'jvni   "t  by  uncompcnfalnl  eurvjituie, 

^^«rf)4  uailcr  Comolidslfun  ciiipnn.  whrre  thp  t\a.natttA  the  ir^ns  (chiefly  4-whtcl  coal 

had  ao  doubt  equal  a  crKUrt  effKt  lo  <llmt(il>h  Ihe  lead. 

Oir«4tlnr4i   wiui  wwanir^l   to  4Uld   only  1   ft.  per  iiiili?  (03$  tb.)  ptt 

***tTMi  til  cvniWUr*  up  id  id*  i-urvn,  and  3  fi,  |irr  mlli'  piri  <ltKr«  Ipf  thitprr  cunra,  whra 

{msly  mRd  loeonsiiiute  in  addition  <o  ihe  c'lde.  and  thii  adduion  ii  indlcaied  by 

u|p  -t-  ta  Ibc  oolumn  ol  tuiado.    A  very  low  tale  wa  4»umnl  in  ordei  that  the 

^Oopuioon  f>(  jrt'ial  and  iJimrrtical  load*  n>i|^l  ba  mow  cnsinly  iiujiwotihy. 

From  tlin  •bo**  tablr^  we  mar  cowclade  Mj/  1/  /*/  ff"  fradr  it  Ikt 
^*-fa{ls  irait  /tr  <»frttli«f  pirf^iti.  na'M  «//  tftttt  t/  tttrfalurt  and  vfteeify  ttfai- 
'•ttltd,  ait  attmmrJ  «l>lii:slo^  of  oVK  fol-'htii  /<lr  wtigkl  im  Jtittrt  and  a  nllimg 
/'rutim  am  lamjfrml,  at  15  mllei  frr  iaur,  t/%  Ih.  ftr  leu  U*t  /allrr  Aniif  icmni'tat 
mrre  ttan  amfJtt  teill fifit  ttry  tffrvximaUl)  twt  sarE  crciiATINO  Wac  IN  KCCO- 
La*  lenviCR. 

A  toae  II'*  of  (unhn  ncord*  of  pnformann  the  wntn  omlu  lo  tav«  ipac*.  Quitt  • 
aoaba*  of  tltem  ihow  more  than  M  adhesion  n«litcd  oi  an  aveiace  of  loot  niiu>  but 
OMaa  rvetynlif  (mlutinancaa. 


lore 


certain  deduction  lo  be  made  from  the  apparent  f;atn  because  of 
the  increased  tractive  train  resisiancc  caused  by  the  sand  on  the 

533.  The  third,  and  most  important  limit,  ihat  of  ordinarj^" 
working,  is  warranted  by  the  all  but  universal  evidence  of  mod- 
ern experience,  as  sufticicnlly  proved  by  Table  138,  which  Rives  u 
long  rccordof  actual  performances  with  locomotives,  lalfcn  chiefly 
from  the  very  abundant  data  given  in  the  catalogue  of  the  Bald- 
win Locomotive  Works,  and  including  ai.i.  the  records  therein. 
The  ratio  of  |  ts  used  by  them  as  llie  basis  for  computing  the 
table  of  capacity  on  various  grades  given  in  their  catalogue,  and 
thus  in  a  measure  guaranteed  by  tliem,  and  the  high  character 
and  great  experience  of  that  firm  cniiites  this  fact  to  far  mure 
than  titc  usual  weight  which  would  be  accorded  to  manuf. 
turers'  evidence. 

034.  Many  causes  combine  to  make  the  apparent  indication: 
of  pr<icticc  very  variable.  Unc  of  ihc  most  important  is  that 
ihc  nominal  ruling  gradient  is  not  the  real  or  "virtual"  one, 
being  in  some  cases  higher  than  the  virtual  grade,  because  the 
ruling  grades  arc  short  and  surmounted  in  part  by  momentum  ; 
and  in  others  (and  far  more  commonly]  lower  than  ihc  virtual 
grade,  because  of  the  necessity  of  stops  on  unreduced  gradients, 
or  of  unreduced  curvature  on  the  ruling  grade,  thus  materially  ' 
increasing  the  nominal  maximum:  so  that  if  we  assume  the  grades 
of  the  profile  to  be  the  virtual  grades,  the  trains  hauled  will  ap* 
pear  10  be  only  sitcli  .is  are  due  to  {  ndhesion.  or  even  less. 

On  very  low  gradients  this  is  especially  true;  and,  moreover, 
another  cause  comes  in— the  difficulty  of  starting,  making  up, 
and  hiindlitig  very  long  trains.  From  this  it  results  that  we 
very  rarely  indeed  hear  of  trains  being  hauled  on  very  easy 
grades  such  as  are  beyond  all  question  within  the  power  of  the 
locomotive  under  conditions  which  are  as  fair  actually  as  they 
are  nominally.  But  when  these  errors  arc  eliminated  it  will  be 
found  that  in  all  cases,  in  good  American  practice,  the  actual 
ratio  of  adhesion  is  },  whenever  it  is  attempted  to  load  the 
engines  to  their  full  capacity. 
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S39,  The  fifth  ratio  of  adhesion,  \,  apparently  applies  to 
vrinier  loads,  and  will  actually  give,  in  most  cases,  the  loads 
wliicli  arc  hauled  in  practice  in  winter.  It  is  usually  assumed 
ihaitliis  difference  is  due  to  the  fact  tliat  the  ratio  of  adhesion 
is  less  in  winter  than  in  summer,  but  it  appears  probable  that  in 
reality,  as  we  shall  see  (par,  631),  it  is  due  to  an  increase  in  the 
roDing  friction,  both  because  of  greater  axle  friction  and  because 
ohhe  poorer  condition  of  the  track. 

US.  In  the  former  edition  of  this  treatise  \  instead  of  \  vias  as- 
louied  as  the  ordinary  vorking  ratio  of  adhesion.     This  was  deduced 

Table  (39. 

COHPAKATIVK  Ratios  of  Adhesion  of  American  and  Foreign 
Locomotives. 


Rat'O  or 

Aphkklon. 

CcwiimoNs. 

Forci^  En^DH, 

Ancrican  En^inu. 

Muimum  ac  slow  speeds  and  under  favor- 

1  or  0,25 

or  o.SO  lo 

or  0.17 

^  or  0.14 

i  Of  0.33 

i  oro.as 
f  or  0.20 

Hinj  European  engineer!  assume  (,  or  even  less  :  bul  many  American  engineers,  in 
''*e  manner,  assume  i, 

t'nna  a  suhimary  b>-  Mr.  O.  Chanute.  in  "  Ha-swell's  I'ockel-Boolt,"  we  may  abstract 
""  following  data  as  to  early  aod  European  tests  of  adhesion  : 

Ratio  of  Adbesioa. 

••»■-  Wood  00  «rlr  English  rail-.rs  (per-  I  ^"I"''?^?.?"' V,: "A 

l.,p,,hee.rl,esIte„.'<,nr«or<l,.r."r.,  U^^^'.-LT;?.!"'.''; ! ! ! ! ! ! ! ! i !    it 

^.  Lairobc  on  B.  A  O  R.  R.   1B3S Safe  wnrkJn^  limiL ..  .^.  ^...    0.13 

I  M^JLiiDum   .        ...    .,,.,. o.to 


*o^ern  Europfaa  praccice. 


I  MriJLiiDum 
<  Mmiiimm 
f  Seem  men 


np  line 0.16 


^-^^un  Alpine   road,   lubjcci    10    frequent  \  Manmum  m  open  cuLtingi .....    o.x 

OMA.---. '-- ,..  )  Maximum  in  lunnclt-'...- o.v 

Dry  vrf  allitr 


ksio,  Guebliard,  and  Dicudonn^, „-.... 


,     ,_       ,  1  o»6* 

Li^ht  ram  .-,-,..- a  oq 

Rain  and  fo;    .  .................  D.14 

Heavy  ram r...r. d.i6 

The  Uit  records  Are  of  dubious  value.  Mr.  Chaoule  ^tcs  a  table  of  avera^  European 
^^^  American  practice,  which  differs  somewhat  from  the  above,  but  seems  open  lo  ques- 
*■  JD  in  several  deiaila. 


Damp  wraiher. 
Wei  wcaihcr... 


0-105  I 
a. to    I 


O-IW 
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bjr  comparison  of  t1i«  actukt  loads  haaled  on  variout  doniiodl  grade* 
tlM«ani«  engine.  Bi-sidea  the  c*U3«.-i  just  mcntiuiicd.  tiowever.  wblcb  tend 
to  make  ihi.i  pmci-is  inacL-uraie.  within  the  ninv  yiMM  from  i87<>  to  '885 
a  very  gruut  cli^ii^c  Itas  t<>kun  pl.^ce  in  llie  avcta^  train-lo^ds  tiaulcd  on 
Ameriam  railways,  as  shown  in  Tables  30  to  33.  aiirl  otUct5.  Much  of 
this  Is  due  to  the  use  of  heavier  cng'iies,  but  a  great  part  of  it  is  due 
greater  care  to  load  engines  to  their  full  ctpactty. 

037.  The  adIic:«ion  of  English  ;tad  other  foreign  locomotives  ts 
narlty  stated  at  less  than  of  American  by  a  considccahlc  percent 
Table  139  approximates  closely  to  the  diffrrencc  which  appears  to  exlst^ 
H'»v  much  of  this  rrpresonw  an  ncmal  diHercntc  of  Cdpnciiy.  and  liow 
much  is  due  merely  to  difletirncc  of  adniiniscniiion,  it  would  be  impos- 
sible to  Kay  i  but  there  is  no  roam  for  doubt  o\  the  tact  that  foreign 
engine*  haul  lijcliier  trains,  i»  a  rule,  thttn  American  engine*  of  tlte 
same  weight,  or  that  Kuropi^an  engineers  slate  the  limit  of  tlteir  ad- 
hesion at  lets  than  tli.it  K'^'cn  by  Amerioip  engineers  (or  American 
citKiiip*. 

538.  If  we  may  assume  thftt  the  lo^s  haulc4  by  the  same  engine 
any  two  grade*  are  aSecicd  only  by  the  ditlerencc  in  the  grades  (whicfa 
ordinarily  wc  cannot,  except  very  approximaiclv)-  we  may  at  once  deter- 
mine from  the  rcconU  of  these  loads  the  rolling  friction  an<l  ratio  of 
adhesion,  as  follow*. 

Let  /.anil  £'  =  ihe  grots  load  linduding  its  onn  iT<iph') hauled  by  tbe  sane 
engine  on  *ny  l»o  B(iil«.  g  *iid  ^. 

Let  X  =  the  loUl  lefiklancc  per  ion  on  iho  lunetl  grail'  f,  and  J  =  the  dtf- 
(ercnee  In  resistance  per  ion  on  E"i<les  g  anil  ^  (being  that  dv*  to  gtaviij  ooly, 
and  equal  to  ihc  resistance  from  gravity  on  a  grade  of  /;  —  /). 

Then 


1 


whence 
Then  we  bare 


Rolling  friction        =  *  —  triiiUntt /nm grvtily  pnty  «m  finultg, 
Ttaeiion  of  engine  =  ai 


'Ratio  of  adhetilon    = 


ail.  on  dnfvrt' 


But  while  these  formul*  are  theoretically  correct,  results  determined  by 
^em  are  10  be  accepted  as  reliable  only  with  great  caution.  II  the  reporird 
low-grade  load*  arc  ton  imall.  as  they  usually  are.  the  cDecl  will  tM  la  gttally 
Incre.iw  the  apparent  lOtlinE  Iriciion. 

(39,  Otcing  cbieSy  to  tome  misinterpreted  expciiments 


-iments  mode   in  FranoQ-   J 
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jome  )r«ari  ago  bjr  a  M.  Rabenuf,  >  chief  cngiaeer  of  ihc  Cur//  Jti  Pratt  it 

t'4riuji¥f.  Itieie  hat  iat  some  t<nie  bc«n  »uiiie  avkltabl«  Aulhority  lu  thow  ihut 

ibvrt  may  be  «iKb  a  thins  ■*  "  ■HPEKceprmi.t'"  ok  conmnloi's  ti.iP  in  the 

■lriiini;*«l)F«li  of  locoBiolIre*  in  motion      Sucli  a  ihins  I*  ically  iropostiblc. 

I'tiuitbc  iaipr«i«ioa  ihai  iioctois  hai  became  niiJopreAd.  and  mercaMcnlons 

'Jn  fuppurt  of  it.  or  allutioni  lo  it  a*  a  wcll-lfiionn  fj<t.  cxiM  wiilxiui  dumber. 

f'bt  opoimriiif  referred  to.  from  which  this  whole  im»i;iiiaiir  discovery  Mem* 

(itie  (>ri^inaic<l   were  described  in  a  paper  m  ihe  AHttalti  Jm  C/ait  L'ifU 

%  tTfti,  in  wbich  the  record  vra*  given  of  ic»i*  of  a  l*%i  |M*»ciis«r  encine  for  the 

nitkcni  Railrvad  of  Fraoce.  havinjc  lour  coupled  drii'cr«6  It,  ici  in,  diameter, 

)an)l*(  Ml}  Ions  on  a  ^adc  o\o.%  per  cent  116  ft,  ;itt  mile),  with  igaod  mil  and 

tdlher.  and  I3i  Ito.  pet  s<)iMrc  inch  trailer  piciiurc.     The  repint  continues: 


"  1,'nder  \\ir\e  conditions  the  locomotive,  which  was  levied  alone  ^l""'i°K 

iVkiiiMiii  Ixbind  It),  aiiaineil  aspeed  on  the  down  i^radc  of  74^  miles «n  hour, 

^^  nrrrlpunding  to  303  rel'oluliort*  of  llie  drireic  pet  rAinule.     Nu>v,  the  fcglii- 

*ain!  •umber  of  revulutioa*  was  360,  corr«4jivitJhis  to  89,fi  tnilcB  per  hour — • 

•iipD^  I9  percent 

"Sui|>r!»ed  at  tbete  retiilis.  Ihe  niiicr  repe-ited  the  tame  ub<cri*aiions  on 
*  niiain  nutnber  u!  locomotives  u(  diflercrit  tvpes.  comparing  ibe  speed 
■mil  the  [e*ijlu'iiwi» ')!  the  dtiven.  It  whs  (;erjer,illy  fiiund  thai  iHc  slip  was 
^Imtil  on  ail  <))>  Rraiie.  tint  ter)'  apparent  «n  a  dt>wn  grade,  tanging  fcutn  13  to 
3}  per  cent.     I;  increased  rapidly  with  the  speed." 

nb  evidence  appears  pretty  conelulive,  especially  as  other  articles  and 
pai»{rapbi  to  the  same  eilcci  have  appeared  from  time  to  lime,  accompaoied 
t^vailous  reasons  why  tbc  centtifugAl  force  of  the  countei weight*,  and  wtiU 
•w,  muti  have  Ihe  efleil  of  prodticinc  >t. 

H0>  At  a  leanli  of  these  tests  It  was  conclixted  ihai  "  cotncnon  locomotivet" 
•tM'-actaallyuAioIied  for  speeds  of  60  to  75  miles  per  hour,"  berau.se  tbe 
•hKM|c  wa*  a*  raucb  a*  so  per  cent.  In  aHpeclfic  inti.nice  (the  I'etllbnt;  road) 
ttlrricd  to  in  the  paper  I)  vas  said  that  on  Kiades  of  ;  per  cent  (37U  ft.  per 
*i<:  Itss  by  1  per  cent  than  is  now  succetifully  opcratctl  In  Colaiado.  and  less 
l>T)]iet  cent  than  was  tucccsdutiy  operated  on  icmimiRry  lines  by  the  laic 
Btaj.  II.  Latrobrl  "the  slip  of  the  drivinE-wheelH  was  fol;nd  to  (oniideiable 
"ai  lie  (['-»'  syMf^m  was  found  more  economical,"  in  spite  of  the  slow  speed. 

541.  f>n  the  »tber  hand,  tests  of  various  American  passenger  locomotives  at 
'■"tj»  at  from  7|  mi''"«  p<-»  hi>iif  ilown. ma'le  by  Ptof,  Chin.  A.  iiniiih,  Mr. 
Ktttn  f.  Hill,  and  Messrs.  Henry  Abbey  ami  Os<ar  H,  Baldwin  dec  ^ifinttr- 
^f,  Auf,,  |8S5>.  to  mention  no  others,  h^vc  uniformly  indicated  thai  no  inch 
(icwilBenon  occurs  with  American  locomotives  ander  any  circumilaoceL 

There  (s  an  uadoobted  p04sibility.  so  far  a«  this  cviilrnce  alone  h  concerned. 
ItM  Ihe  pbenomenon  misbt  not  occur  with  American  lovomntive^.  and  might 
Kcur  with  diftcfenlty  ronttrucied  foreign  locomotives:  but  in  3il<iiiion  i<-  the 
>  fcatons  for  ijutiiioiilns  the  physical  poisibllitf  of  the  assumed  phciiun)> 
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#non .  lA  brlnjt  <ont(iiry  to  what  It  known  in  oiher  nay*  of  ihe  Uwi  of  ttlctloM, 
i(  i*  not  ilifficuli  ID  Bcc  how  Ihc  aUcK^d  vlippinK  n»y  hkvr  vecurivd  uid  yat 
have  been  In  no  fctpeci  "  Imperceptible"  tlip,  nor  ditlercnl  in  any  way  (ron 
ordinary  sl>[>p>iiK.  which  ia  perceptible  enouith. 

942>  When  a  locomotive  i*  only  moving  itself.  e«ptci*lly  if  ranningdown 
a  grade,  and  lo  having  Utile  work  to  du.  and  when  all  ptMsiMc  power  it  put  on 
lo  run.  In  lilecal  iruih  "  &•  fast  u  the  wheels  <:an  turn,"  whcihri  tbc  wheeti  arc 
iU|)|)ing  or  not  will  make  no  very  cons  pic  ucius  diflncnce  in  Ihrir  tpced  of  tctrc^ 
Imion;  while,  on  Ihe  oihrr  band,  the  wotk  required  o(  the  tocomolive,  •imply 
to  keep  upipccd.  will  be  to  tmall  thai,  when  Ihe  wheel*  once  begin  loillp,  tb« 
loM  ol  power  will  nut  lie  sn  itreat  as  Co  prevent  Ihe  acquire  men  I  and  mainio- 
nance  ol  rery  high  ipeed  aliliouitli  Ihey  will  cuniinuc  to  klip  indefiiiilety,  never- 
theteii^  On  the  oihcr  hand,  nith  a  train  of  ercn  one  car  behind  the  engine  no 
hi)(h  speed  rould  probAbly  be  mainuincd  under  xuch  conditions,  lor  ihc  mini- 
mum  puwer  lo  mainiain  ihe  speed  would  Ihen  be  t-o  great  that  Ihe  fipe<>d  would 
be  immediately  checked,  and  make  it  clear  to  the  senin  Ihai  tbe  wbeeli  were 
slipping-  Whenever  the  locomotive  wu  running  Dp  any  considerable  grade  it 
would  be  iiill'tos<i  possible:  and  ibe  cautious  siaicmcni  quoted  above,  that  it 
was  " generally  found "  that  "  the  slip  wa(  slight  "on  an  up  grade.  probaMy 
means  thai,  u  a  mallet  ol  facl.  no  absolute  evidence  ol  any  slip  wai  detected, 
or  (be  ligures  for  il  would  have  been  given. 

&43.  To  make  the  true  eiplsnalion  ol  Ibc  phenomenon  clearer:  Sappose, 
when  the  wheels  of  a  frclghi  engine  were  slipping,  while  il  was  standing  Mill, 
that  the  engine  wrtr  simply  uncoupled— instead  ol  sfautlint  ''IT  Me*jin  in  tbe 
usual  fashion.  II  the  giades  were  niil  lni>  unfavorable  the  enicine  wouJd  prob- 
ably suti  ahead,  the  wheels  still  slipping;  and  il  all  the  (learn  were  put  on,  on 
a  favorable  down  grade,  a  velocity  of  *'  74I  miles  per  hour"  might  povaiMy  be 
obtained,  with  an  "  impeicepiible  vlip"  of  so  po  cent.  These,  or  •oiDetblng 
like  these,  are  probably  the  condition*,  and  the  only  totidiliues.  under  whkli 
the  phrnnmcnoii  has  ever  iieen  observed,  and  I  hey  correspond  lo  nothing  In  the 
notsi  cKiremes  of  pracliixl  oiieriiiii)"  The  only  thing  rejily  proved  by  suth 
"  tests"  i*  ihai  even  il  ihe  nhecU  ure  ilipgiiiiK  i"  otdinvry  laahion  they  will  kick 
hard  enough  against  the  ruils  to  make  an  unl'jadcd  entjine  Biuve  down  a  gr,id* 
al  a  very  lively  pace:  which  iliusirate*  howeasyit  iaiodraw  wrong  con cliuloi 
from  observed  litcts, 

M4.  Tiie  effect  of  the  CKKTRtrt'OAL  FORCE  OF  THE  COUNTERWEIGHTS 

of  ihe  tocomtKivc  to  nnjdily  the  prwaure  ol  the  whccU  on  ih«  rail  is  eoo- 
siderable.  and  eupcciitlty  on  brldf^  vcty  imponani.  but  as  respects  lu 
effect  on  the  adhesion  it  \i  l»3  impurtunt.  il  Indeed  it  can  be  Mid  to  be 
of  any  Imiicirlitnce. 

Tbe  counterweights  arc  weights  added  to  balance  iltc  piston  aod 
Other  KciprocaiinK  pans,  and  thus  jHcvcnt  serious  disturbance  o(  tbe 
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motion  of  the  engine.  They  are  either  cnst-iron  weights  betireen  the 
iipoJces  of  the  drivers  or  lead  poured  into  hollows  in  the  whecl-ccnirc, 
and  have  the  cflect  to  make  the  wheet  lup-sided.  When 
the  counter  weigh  u  are  in  the  poailion  a.  Fig.  lOS,  their 
centrifugal  force  will  be  so  much  added  to  the  weight  car- 
ried by  the  wbeel,  and  increase  lu  pressure  on  the  rftil  by 
so  much.  Wbeu  they  are  in  the  position  a\  «t  the  top  of 
<he  wheel,  the  centrifugal  force  will  decrease  the  pressure 
on  the  rail.  When  they  »rc  in  thr  position  b  and  ^' the 
ccQtrifugftl  force  will  have  no  vertical  nlcct. 

As  respects  Iretghi  engines,  cupccially  when  the  engine  is  working 
bard  enough  to  be  in  any  d.inger  of  slipping  the  wheels,  the  speed  is 
ordinarily  so  slow  that  the  ccntiifugal  force  of  the  counterweights  ix  all 
but  imperceptible.  As  respecu  pauenger  engines,  the  counterweights 
can  at  worn  exert  no  appreciably  injurious  elTect  upon  the  adheKion.  (or 
ibe  reau>n  that  the  prviMble  BOiLKR  tractive  power  decreases  with  «|]eed 
very  much  l»ler  llun  it  can  be  diminished  by  any  possible  effect  of  the 
count  etweights. 

M^■  Bui  "hile  ihii  phenomenon  has  no  measurable  effect  upon  ihe  odhe- 
won.  aail  i»  noi  likely  10  have  a  very  lerlout  eflcci  upon  the  irsck.  il  may  and 
doe*  bav*  such  etfcd  on  briilices.  The  «lidtp  vsrUlioii  wlikh  [akci  place  in 
Ihe  load  on  the  rail*  has  no  effect  on  ihe  riding  ol  ihe  engine,  lince  it  iloei  not 
M  Ibrauitb  Ihe  (priaga-  Bui  it  docs  ggtfe  10  ihe  nil  whii  h»  been  nol  inaptly 
lenned  a  "hammer-blow:"  and  Itf  cAect  on  bridges  (especially  on  over  light 
bldgc*-.  tee  Chap.  XXIII.}  i>  visi- 
Uc  <n  the  ttrlkintt  diagrams  rcpro- 
Idccd  in  Fic^.  tu9' 116,  which  show 
k»w  very  ercaily  the  oscillations 
*i  biiiliic^  arc  Increaied  when  ihe 
period  of  revolijlinn  of  the  drivers  ^■ 
htppens  to  coincide  with  ihr  period 
d  oKilUiioo  o(  the  bridge. 


•nwrn '  ■    ■-» p    I 


a^AK 


Fio  ic^iiAarcfrom  ohtaT>ilon* 
cr.  the  vibntioa  <A  trtdc»  tir  ?nif.  S. 
W,  Rciiliucn.  Tbey  iho*  the  ntiiod 
uid  laltral  T(bnl)iins  of  ihe  panel 
polm  Maml  the  tniikllo  of  iu  liiwcr 
<liwd  daring  the  cailre  pasat.'p  of  the 
vt»in, 

Tk(  upper  Bnr,  AB,  thowi  Ih*  Mr- 
Ileal  movtmnli,  and  Ihr  loirn  on«, 
MH,  the  tiMral  nuwooeau.    The  lovMl  one,  XY,  il  a  Sat  »f  rrlvenc*. 


V 
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FkBiaiit  TuiH*  AT  Vauiovi  Sraam. 

Vcntcal  Scar*  tbNC  (ourilital  KiiMl  mow. 
ttfiit. 

(Tl>"'UI>>  l^a>>  Tniu  Bnil(«.  K«w  York, 
Pen^•^lnnl■  i:  OHio  fUllxiirl.  n»>  t.d<>. 
llUUunt.  O.  Ill  Itti  tfita,  I,  fc<i  il*cp.  ( 
paneli.  i)  iMt  I  Inclin  nch.  Kin<]  c>(  (•cwc 
Kiiil  i»in  snil  ipnii  gir^n  in  cuh  tliicraa. 
The  K^k  b«ho4 '^  LefiiCEli  ot  Trun"  vbow 
iCe  rcvolulloiu  ol  Uic  dtivcn.) 


nviwi'^-Tiwtvt- I    it    1    I    I    I    I    I    I    I   I    r-T   r   I    I    T    I    I  T   I    1    i'i~r 


■ppmachtd  Ihp  indlmMt  ni  ilarlfd.  mulfini;  Ihr  Bliaicht  linn  lo  thrlFri»f  /t.  .Vand, 
Ai  Ihe  train  (Iruirti  the  lidilifc  liH«il  motion  o(  ihf  penclli  btx*".  and  It  will  l*i*«i 
In  an  ouo  Ihr  drRroiloii  wjx  cimixi  withtn  a  Mcond  or  Iwn  ariR  iIk  li<rD<ii<>im  hud 
enUml  upon  thr  brii1[^,  i>r  dbniil  lah? ci  th^  irhula'  of  tlvr  vi^^nt  anti  tcndrr  wai  fairly 
Uic  liiiHi^,  .iiw!  lnnK  b-fnrw  ii  h»d  rr-n-hrd  p(-«n  lli»  midrilir  ]>olnt  o(  itie  bildcc. 

The  hollpw  Lo  the  dacrdnu.  which  Immedlawlj  followt,  riiowinc  m.  ttuMoa  (i 


I 


CHAP.  XI.~LOCOMOTlVE  BOILEK- 


449 


UiUnmne  dtfinsiiiiB.  ladluM*  ciAuty  ttul  ihf  Utttr  u  a  <)}n<unlc  «ffrct.  ihc  xuiita 

quicjilii  tbt)  Bt  muiiKiHUBt  lattin  il  iknit)  far  txloir  vtut  cvr n  mixh  CtcaUr  aUix  strain* 
•R  able  HI  nMinl<i>.  It  U  protublc  ilul  bfl>lf;s  •>(  liingtr  sfun  .ni-l  t^tala  wcicbl  would 
Aow  Ihto  t<Rl  muck  tm  nukedljr. 

TIM  knclk  of  train  uid  aliA  a  aulr  lOB  Itit  rieht  lin«  btt««ts  A  nul  A  oo  irhkfa  llic 
mnlulKiDS  «4  Ihcdriwri  in  <tKlkiii«l  liia  been  added  lo  throfipiuli. 

Il  vll!  be  mn  iku  in  (vtty  inuancr  Ibe  vlbraUun*  ol  |;i«)UM  nucnUude  an  aloMit 
«sjr1W  fe^ci^n-iocnu  ullb  IW  drrivn'  mulutinna,  but  ts  Itic  v^br^iona  clrcrravd  the^  b^ 
rome  Ian  to,  •ii'l  *hcn  Ibr  vibcitum*  bKunw  a  nwi*  vaiy  lint  ilivrr  it  no  ulncrvalile 
<iiaiirctica  <»hil«wr  'itli  ihe  dnnn'  moluiloni. 

The  dill«rMKr  in  tbe  Mtcx  ol  fi**wa^r  And  Initht  Intel.  «  Of  diStnat  tonMruc- 
dmaad  ipeft.  uihown  bj  cocnpuiiis  ne>,  1 13-16  with  Fict.  109-K^  taovry  notioMblp 


THE  LOCOMOTIVE   BOILER. 

M6.  To  bum  mor«  than  80  IIh.  <>(  coal  per  square  foot  o(  Rrale  per 
linnr  is  «ure  to  decrease  the  cificiciKy  cA 
cambuMboii,  altlioui:)!  ab  much  as  100  llns. 
mar  be  burned  under  favorable  condition*. 
*iih  (air  ccoivomy.  When  combustion  i* 
pu<lic<t  bc)-ond  titis.  as  it  not  unfrccjuently 
ts,  »offirtimes  even  so  far  as  10  at>|iarenUy 
doa»le  It.  it  (s  all  but  certain  that  u  large 
proportion  of  the  addiiiontil  c0.1l  nupply  vill 
bi  ctccied  at  once  from  the  xmokeMttack. 
iifwwnsumed-  As  much  as  20  per  ceiil  of 
tbr  entire  coal  put  into  tlic  lirc-bns  Ha* 
been  actualtr  cauKhi  in  ihe  smoke-box,  and 
it  is  quite  certain  that  vrhen  more  than  130 
to  i;d  lb«.  per  square  loot  are  "burned" 
nearly  the  whole  of  the  cxcen  of  su|>ply  '\% 
thus  ejected  (»ee  Table  146>.     FiR.  1 17.  with 

it.  ..ccompanymg  not.-.  Eive«  a  rather  cxaR.   '^  'Kj"boT'JilI,'hf!T^o'*ta^ 
«crated  innancc  ol  what  li  continually  tak-   hnp.  rntopi.  noitd  W  found atth 

7         .  M>.  .  ,  .  -       •>"*   1   (MOrd.    bul   IDDOBinMe 

mi;  place.    The  minimum  wane  of  coal  in  (■■ikrMM,   tw  lunp  wu  n«v 

th.»  -ay  !■*  piobalJly  S  P*r  «"»»■  ipM.Ac  ««i.-y  w«m  Sm  bnn 

547.  Ihe  ordinary  evaporation  of  water  £:?;3rttiir'«WH"?u.'"K 

|Kr  piiund  of  coal  burned  U  h.irdly  more  Sui^JSle^)'''**'*'""'''**"  "** 
Utto  6  lbs.  in  this  country,  and  Kxnetimes 

only  { lbs,,  or  even  Icn,  although  it  rbcs  to  8  or  9  lb«.  in  some  cases. 
39 


Fto.  tiT.— Lvitr  o*   I'xanuHi* 
AimUMin  Cmi,  NATirtu.  Si«. 

■JICT*t>  ntOH  THK    StlDkl^TAOC 

or»ii  HiFMv  Ldcauarnii  "HH 

tUCH     PfKI      IH       rr>     FALL       IH 

TK*M«a  Tm  Orw  Wwoow  M 

nil  Sncoae  Ca*  m  th*  Riu*. 

nVi  lamp  ml  piclKd  up  by  Mr, 

Cca  w.  Pmnnt.  who  tiuid«4  it  i» 

ih*  wnm.  iiili  ho4.   Tticia«l) 
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and  very  frequently  if  not  \i<>ually  docs  so  abroad,  vhere  the  evaporaiioR 
is  mure  ccoiiomicHl  ilun  is  coinmon  here,  owing  in  gieat  <le);rci:  to  tbr 
combustion  being  less  pushed  by  the  h^iuling  of  heavy  loads,  and  in  pan, 
probably,  lo  more  skilful  firing.  Tlieorctlculty.  a  lair  ordinarj'  coal  (olj 
14,000  licai-units—rtot  by  any  means  the  bnt—4e«  Table  1411)  uufihl 
evaporate  something  over  11  Ibt,  from  wnier  at  60'  Falir.  to  suun 
120  lbs.  prcssufc. 


Table  140, 

HEAT-tTKITS  IK  VakIOUS  FdCIS. 


Pur<  Miban 

PwncktyU'intA  jinthncite. .,«,, .,. 

FlttftiuTf  tiMuu^noui     ...,,,», 

Illlnoi*  cmI  (tnin  quiliiy) < 

KogliihooAl  (Avenge) ....< 

EnKlitlnoln  (average) j 

Crudtf  pclrokum-..,,,...,.,,.,,..,,, 

UgBM ] 

Atphall 

Vry  inaa  IaW  lundO 


Ueat-unltt. 


M>na 


f 

U,l|*t 
n.jdu] 


«.>M 


\ 


ttAfi 


••■T>t 

M-1*f 


•..«■ 


"»-»4 


'Ttit  heat  nquiml  loi  tvipcitalion  "fr»m  and  at  >ia*  (I.e.,  Ihp  (uarcnion  of  water  at 
■12*  Inli  iteaia  ol  311*  01  xniosphcnc  pressun)  bdne  ''On  the  linit  (vquiinl  lu  luis 
walnu  noiRuil  imiing  lrm|icialut»  IntoMMid  of  unul  wnrkiiii;  pnuum  Um  fol 


FmH- 

WUCI. 

•  Pibr. 

M 

u 

^ 

*rt* 

MS* 

i.ije 

•.IJI 

I.MJ 

■.ia> 

■  .I4t 

Sienii  fB 


ATMmr  ■■■*  ■— Lst. 


rai 


M 


i.iM 
I..BT 
■  •■« 


W 


1. 114 
'-'•I 
t.tf 
I'll* 


100 


l.ug 
•  .■9I 
I.ITJ 
t.i» 


OS 


IM 


l«0 


i.iti 
■.161 


■  .t«4 

B.t44 


>.i>9 
I  »> 

mltM^I 
tea  c^^ 


<iLbiUu((il  rram  a  Ive«  uUe  in  "  StMm'UaUne."  bjr  ih«  bl«  Prat  Chuta  A.  Sraltlu) 

The  lowest  rates  of  evaporation  occur  with  the  highest  rat«s 
combustion, and  vU^  vtrsa ,-  and  ordinnnly  it  is  not  possible  10  evapurjii' 
more  iban  Ooo  lbs,  of  water  per  square  fool  of  grate  per  hour  (say  So  lbs, 
coal  X  71  lbs.  evaporation  tatio,  or  100  Ite.  x  6)  (or  any  length  ol  tlun 
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Mon  may  be  done:  but  it  cannot  be  relied  on.  and  $00  Ibo.  of  waier  per 
•quarc  foot  o( grate  would  <:ome  nearer  lo  u  niudcratc  working  ma^iniuiD. 

546.  Tbe  urdinary  looid  on  driven  per  square  (oot  of  graie  r&ngc» 
Irom  2J0O  to  4000  for  ordinary  types,  as  ahowo  in  Tables  1 17-130;  jooo 
Hm.  beinn  raiber  low  for  paawnger  engines  of  the  American  type  and 
lor  Consolidation  engines,  and  4000  rather  low  for  Mogul  and  Tcn-whecl 
enginet.  The  larger  proportion  of  (-rate  surface  In  the  Consolidaiioa 
type  may  be  considered  ns  in  pan  a  concession  to  the  difficulty  in  firing 
auch  cflK'ncii. 

549.  The  steam  used  in  the  cvcry-djy  working  of  locomoiives  (in- 
cluding the  entrained  water  carried  nlong  with  the  steam  mechanically)  to 
do  33.000  (t.-lbn.  of  net  ellective  work  *  is  M>mrwhai  tmderjolbs.,  ncvec 
probably,  running  very  much  higlier  than  that,  and  rarely  quite  ax  loiic 
as  to  35  lb«..  even  nmler  tbe  noM  farorable  circumstances;  tlut  beinf^ 
the  lowest  lair  assumption  for  steam  used  at  alow  speeds  on  long  grades 
or  at  other  specially  favorable  points,  except  that  (or  veryaliort  dbtances' 
CimsideTably  more  titan  that  may  be  shown,  owing  in  part  to  drawing  on 
the  small  icaervc  of  power  in  the  boiler  (par.  SS3  and  Table  I44)> 

590.  Then,  aa  the  production  of  steam  is  600  lbs.  per  square  (cot  of 
grate  per  hour,  and  the  coinumpiion  per  horse-power  per  hour  is  rarely 
better  rhari  i%  lbs.  and  often  much  worse,  we  have  y^  =  '4  horic-puwcr 
as  lli«  maximum  ordinnT)-  capacity  of  one  square  foot  of  gtaie  iKiea. 
Tables  146  and  147  will  indicate  that  this  is.  on  the  whole,  a  rather 
favnrabte  sliowing  for  what  can  be  actually  realized.  Hat  to  rietermine- 
tl>e  very  highest  maximum  wbkh  can  be  claimed  In  ihe  way  of  locnnio- 
tii-e  perlormance.  we  may  appmpriately  refer  to  Mr.  Wm.  Siroi>rfley'«i 
paper  cin  ike  locomotive  performance  of  the  London.  Rrighinn  it  Stnitta 
Coast  Ra'lway  iTrans.  Inst.  C.  1^.  1885),  where  ue  find  that  ^n  iivcrage- 
of  about  600  indicaittf  borse-puwer  was  maintained  for  6  or  8  miles  in 
succession  by  an  engine  with  17.04  square  leet  grale  area,  with  an  aver- 
age horse  power  for  the  whole  mn  of  $0  miles  of  jiS.j.  corresponding  to 


Indicated  H.  P.  per  sq.  (t.  grate 


Net  efleciive 


600  ,,  „ 

maximum  —  =  is-j  H.  P. 
17 

average  ^ — ^  =  31. i     *■ 
(10  per  cent  less),  say.  31  and  18  H  P_ 


la  round  figures,  joclfcciive  hofsC'powera  per  square  foot  may  be  aaiiS 
10  be  tbe  ultimate  limit. 

SBt,  The  lior«c-powcf  which,  if  it  could  be  produced,  might  be  trwfr- 


■  Fo  WW  hunr. 
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mittcd  through  the  drivers  for  propelling  the  train  i»  very  much  greater 
than  tl)i»  except  at  the  slower  speeds,  »o  tliat  at  the  slowct  speed*  only 
la  it  possible  to  utilize  the  full  adhesion,  as  majr  be  dctemiined  thus : 


9*t  Square  Pom  of  Gnif  Ar 

Usual  load  on  drivers,  as  per  Tabic  141,      3.000  to  4jOOo  lbs. 
Equivalent  Uacilve  power  (ur  1  adhesion.      7J0  10  1,000  lln, 

Table  141. 

Load  on  Diivus  Pbk  Squase    Foot  or  Giatr  Aria  roK  tK£  Va«i 
LocoMOTivzt  uiv>:i  in  Tam.ix  i37-iy>. 


I 

3 
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Diu. 


•*rj 
•M.  . 

•Ri 

•Hi  . 
•tt,.- 
•u* 


Rud  or  Mtker, 
and  Cylindin. 


Muan,  ■-•t4 ,.. 

No,  PaCIElC,  BrXft^kakai.i 

Hioalii.  fr<«« 

C.,8.&e..ii>it 

"         •lull ,. 

UaMM,  tfaSI-. ■'.. 

WMtsiHH*  {b  ■;..::*: 


U«  per 

•).  ft. 

•.♦•• 
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••n  - 


Baidwia.  ■«••«. 
Rrooki.  19  ■14... 


Tamlb  ■>&— Uoaut.  EKiiiiBi.       j 

Due 

Hud  nr  Malm, 
knri  CylioM n, 

lUMwia.  il>>4 

Rrooki,  iliiii. 

niildwln(N,S.WAlal.il-i« 

•q-ftT 

iMj... 

•SI4... 

•.II* 

TjalK  JS9.— CamotJDATiOB  Emoihes. 
iv>it  c)lla4trk 


iW...      "      "CUmK". 
fUt      Wm  Shore  .. 


Tablk  ijix— llAsromv  Ehoikc*. 


■W>..     CCfltnlPM.,  IQK^, 

■tS:..  JLchith  V..  a****  ,. 


4i>*a 


■  Time  tnt^DH  bavt  *p«cl*lltr  1«x*  sniM  w  pmaii  of  iVm  (otabiuiisB. 


Then  the  Iwrse-power  per  hour  per  square  tool  of  graic  area  which 
vil)  or  miKht  be  transmitted  through  (hedrivcr«.  If  their  uiniost  adiie&ioa 
lie  utilized,  will  be — 


Max.  H.  P.  = 


liMiri  on  drivers    )        S^^ 
X  cocH.  adhesion  {  33,000  x 


^xspced  in  miles  per  hour. 

By  this  formula  Tiililci  14:  was  computed,  which  indicates  at  once  a 
truth  of  the  lirsi  importance— that  it  i*  al)Milutcly  tmpossibte  to  proaliMre 
enough  power  in  the  buiter  to  utilize  more  th.in  .1  <imall  fraction  of  the 
available  tractive  power  at  any  of  the  liiKher  speeds,  and  ii  ts  only  as  we 
fall  below  1  s  miles  per  hour  that  it  becomes  po»ibk  for  even  freight 
cn^nes  to  do  so. 
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Table  1«. 

Hoasi-FowBK  OF  Net  Effective  Work  required  to  be  Contikuously 
CiNEKATED  Per  Square  Foot  op  Gkatb  Area  to  FULLY  utilize 
THt  Entirk  Tractive  Force  of  Various  Engines  at  Various  Vb- 

1J3CITIES. 

AdhHioa  auumed.  i.    Reduce  by  one-fifth  part  to  correspond  to  \  adheaion. 


Pounds  on  Duivsa^ 

Pt>  Svi*»»   Foot  ut 

GftATm  Aiti4. 

HoRSfl'KJWIJt  TO  bl  SUrpLIKD  Pftl  5oUAH>  FOVT,  AT 
VUACITIIS  IH    MlLIS  Pin    HOUH. 

10 

IS 

20 

30 

40 

so 

*«'V^«D  1              MiDinmu 

J 

>1  3i 

30-00 
»3..13 

30  00 

>J  0 

JO-O 

a6  67 

40. a 

53  33 
66.67 

106     67 

laOrOD 

U.6; 

"  -  Km   1                    lor 

3  J  .1} 

Jo.o 

»3  3i. 

^vc^o  J       American  enf  ma. 

40-aD 

60.0 
90.0 

IQB.OD 

3-5„   1 

JS.O 

,6.6; 

116. 6t 

■*,«xo    -        FreiRhl  IfPH, 

■»-.J«.   i 

40.0 

53- 3J 
6a.  00 

■33-33 
150  00 

The  black  line  marks  the  limit  at  which  it  ceasn  to  be  physically  possible,  under  the 
»BOf=l  favorable  circumstances,  'or  the  boiler  to  produce  sufTicieni  sieam  to  ulilite  the  full 
^dbrfion,  allowing  30  horse-power  per  hour  per  square  foot  of  §^ate  (an  ordinary  maiimuitt 
tieine  24  horse-power)  and  for  \  adhesion.  To  add  a  similar  line  corresponding  to  |  ad' 
linion,  draur  the  line  at  37.5  hurse-power  instead  of  30  horse-power,  as  indicated  by  doited 
line,  nuking  little  change. 


352.  There  is.  however,  one  more  resource  for  eking  out  tJeficiency 

of  b'liicr  power— to  draw  upon  the  reserve  in  the  boiler  itself,  either  by 
pu:iiping  in  no  fecil  water  for  the  time  being,  or  by  allowing  the  pressure 
to  l^n  somewhat  ivhile  the  excessive  demand  continues,  or  both. 

Neither  of  these  resources  amounts  to  much,  although  both  assist  very 
slightly.  Asrespects  variationsof  pressure  ;  as  the  pressure  of  steam  rises 
or  falls,  the  stitn'ble  temperature  of  the  steam  rises  or  falls  very  rapidly, 
but  the  toial  heat  per  pound  of  steam  is  little  affected— so  little  that  ilie 
loial  heat  was  at  one  time  supposed  to  be  constant  for  all  pressures.  This 
is  -liown  111  Table  143,  on  the  foHowLiig  page  : 

S53.  A  very  small  excess  of  demand  for  sieani,  therefore,  will  cause 
the  pressure  to  fall  very  rapidly,  and  as  there  are  only  20  to  30  lbs.  of 
live  steam  stored  in  the  boiler  at  any  one  time,  what  is  gained  by  letting 
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Table  143. 
WiicHT  or  AXD  Hbat  in  SraAU  at  Vauovs  Pkusuku. 


l.b^  per 

xj.  In. 

Mbavt 

aliiio*|ili>n. 

HaAi'Unn.* 

W*i(ht 
P*' 

CD.  fl. 

Lbt. 

Scniiblc.        Tolkl, 

0 

20 

loo 

110 

140 
160 

111. a      11;^.! 
859. J      iigj.s 
tSl.o       1 199.1 
3j8.o      i»i(.,5 

J50-I          1314.3 

jbi.o      I3IJ.S 
370. S      1316.4 

.oj8 
.0S6 
.110 

.36} 
3o9 
-3S0 

■»3 

Full  tabiM  Kivtng:  (hew  pn>peni«*  □(  sieitn  for  each  point  td  prMnn  wU  ba  J 
In  D.  K.  CUrk'i  "  Uanual  (ot  Uechanlul  HiiKituvn."  md  Id  ■nu]'  oUwr  ueMtoM. 
pIcBam  f^f  m  abon  lh«  ilmotphirB  BhuiiM  be  o..)  Ibi  cceiler.  and  Ibc  lotkl  [wiiin' 
(Dcauiidl  from  a  vjMuum  ij  Ibi.  gtraxtt.    ThcK  figucu  loi  puni/  on  HperitriMI,  (raoi 
mUMb  iccunle  (onDol*  have  b«vD  (l«duo<d. 


Tahi.E  144. 

AvAiLASu:  Energy  in  Huted  Water  akd  Stsam  OP  LoooMorirs 

BoiuRt, 

Bmwmii  Dcnaal  lEmprratutc  nf  (tbuo  and  >»*  Pabr.,  of  (hu  aialUHe  In  om*  oI 
ciploaion.    Fni  |iiai-ii»l  wurkioic  \.kt  jvaiUbla  ttnrfd  mmfj  li  ra>7  inucb  ien  ttua 
(hit.    ■tntnpof  nf(i  pit:*. 
^biLiactcil  Itam  a  ptfta  on  "  Uollcr  Saploalont."  ^  ProL  R.  H.  numoD.  Tnas.  Aa.  Swi 
H.  E..  Vol  VL.  Papei  CLXII.] 


Ana  or— 

WkICT  Cit— 

Hniiin  BHtacT  AvuijiaLS— 

Qnu. 

Kou-t 
uiclaet- 

Boiler. 

lb*. 

Waur. 

SlBun. 
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whkk  rt  dlll«r>  Bocli  »t  i/iHf'/Hiirfdinpnfrom  a  pound  or  ■  foot,  or  u  an  area  d'ltcfatraoi 
«4iMiiBCc.  Thr  tllilt  d'acrami  on  i)ie  ncai  pam  iFiui.  iii.  iia.and  t»t  will  nuki  thiiclaanr. 
A  bCAl-unii  i«  a  ^utaxliif  of  hm.  What  n  cutttd  uoiprntturc  i>  mrrely  ar*  *!ttlmJi  q4  hcaL  A 
kiRh  aliiiudf  <)(  >ro>p«>»iiirc  ii  oMitimi  vmb  a  t<r)-ia>4ll  <iHinmv,  il  tht  frodir  be  tmall.  cv 
«Tca  if  ihe  budy  Ik  UrRi  and  >u  capacity  («r  abioiEiisg  or  boldiag  Seal  uaall.  DtSaraoi 
^LattiuU  diflcr  f rtaLljr  ta  lh»  rupcct. 
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AnwDNd  tuoni  ptnBore.  laj  Its. 

TlM  abte  ^-ra  Ibc  «ii(tn  «aei|^  In  ttw  sl«ani  and  water  bMv-Mn  ill*  and  35J*.  or 

'>*  anwiM  ol  W4irk  Htiii;!!  miuld  In  done  if  Uie  prcuuiE  wcie  illowcil  lo  fall  loMro 

MO   Utr*  wtn  au  bick  pm>ur«  cit  olh«r  lOMn  in  iJis  cylinilet.     It  will  tw  *MO  (O  b» 

■■(»>ui  «i]iul  10  ihc  ordinary  woikiDK  traciivF  power  ol  a  powerful  tntpne  (or  about  on* 

■'I*.    Pskap*  one  k>l(  o(  thit  ilorod  energy  is  ■  piacUcoUy  available  rc«)urcc  m 


^''^rwurc  drop  from  140  lb*,  to  50  lbs,  ta 
*■  '>'»pij'  thi»,  say,  for  the  second  engine 
'•  >*■  ell  in  the  piTcocrling  Tabic  144  : 

^a  Sitam  Spact;  Only  8.8  instead  o(  35.6 
*^*.,  of  Mcatn  are  required  to  fill  tJie  steam 
'K*«cc.  releasing  some  1?  IDs.  of  steam. 

/1  Water  S^ct .    Tbc   fall  of  sensible 

^^^  Ki)wraturc  Irom  361'"  to  iSi°  releases  80 

^*  ^j[-units  per  pound  of  water,  and  80  x  ( 

*  **j>rcific  heat  o(  ironj  heac-uniu  per  pound 

^^^f  boilcf,  being  sufficient  to  convert  into 

'^^eam  a  we>([)>t  of  water  equal  to  about 

~^^  ol  tlte  toial  weight  of  boiler  and  con- 

X~aiiicd  water,  or  (or  ihc  given  engine  738 

liM,  ol  sie-.iin. 

I         This   in.dkes  a  total  gain  of  only  74$ 
lbs.  of  6tcam.  or  yji  lbs.  per  square  foot 
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«f  Kratc.  which  is  about  what  a  square   ^  'O^f --j i— — ■• -j— 

foot  of  eratc  should  evaporate  in  j\  mwt- 
utCK.  at  the  rate  of  600  Wis.  prr  hour.  o 

564.  As  netpect*  letting  the  supply  of  Fm^  „o 
water  fall  ofl.  here  alito  the  gain  Xf.  compar- 
atively alight,  because  the  heat  used  to 
raise  the  temperature  of  the  water.  »y. 
from  Co*  to  the  boiling-point  at  \zo  Ibv 
pressure.  Jjo',  Is  only  190  heat-units  per 
pound  of  water,  or  one  third  (Id)  as 
much  a<  is  needed  to  change  the  water 
into  steam  after  it  has  rearbed  that  limit. 
Therefore,  even  if  we  allow  a.«  much  as  10 
pef  cent  of  the  whole  water  in  the  boiler 


ao'pl.. 

*>        ■ 

BO  F-.U 


1  v4»  >!■_>•• 


t- 


Heat  UNtry. 
r- 


i j J., 

\Mass'\  \ 


mhi    zoihi    300!  ii'/l^ 


to  evaporate  without  repbdng  it,  which  Fic  ■■a.—Km^niK  or  ll'iT-vKm 
•ill  lower  It  about  5  In.,  we  only  «ave  he-it         "  T.«™«t™  «.,  Mm* 
evmgb  to  evaporate  ,\  of  the  whole  water  In  the  boiler,  or  315  lbs.. 
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being  somewhat  »ver  lo  lbs.  per  siiuare  foot  ol  grate,  or  about  what  i 
eva[K>Riit<l  in  one  minute, 

ass.  Nevenhclcis  it  hel|>3;  but  that  the  help  is  snult,  is  clear  in  nii 
other  way  (torn  Tabic  144,  which  gives  the  total  available  energy-  in  t)i< 
boiler  uti<]  L'£int<:nta  it  the  boiler  pressure  were  allowed  10  fall  to  zero,  an 
the  >team  thus  produced  used  without  loss  (other  than  the  licai  in  tl 
steam  at  113°}  in  the  cylinders. 

It  will  be  seen  Irom  Tiible  144  that  an  engine  which  Is  working  rairi|r 
liard  (as  hard  «s  it  can  continue  lo  work  indclinitcly),  end  evapijiating 
600  lbs.  per  squace  foot  of  grate,  will  evaporaic  a  whole  boikrful  of  water 
in  from  io  to  40  minutes.    This,  agitin,  showi^  that  ihc  available  rGecrve_ 

Tablk  149. 

ESTiHATKO  Ai-raoxtHATE  Distkibutio.n  or  thk  Lost  op  Drat  in  AMKaicn 
LocoMOiivK  Boiuiat  to  its  Varioui  CoirmtbuiiKc  Causci. 
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Tlifiii  nlreroH  are  mil)'  raachtd  In  Ihe  amc  enpnc.  Inii  the  nuuimuin  ■>  only 
nactiMl  uii'lii  (ivurable  mJ  il»  mininium  undrr  uufaivnoble  coniliiiuna  foi  (ronomical 
eooibiuilon- 

In  nuRiTip  practice,  nejirly  all  the  abon  wuroM  ol  loia  exMpi  Iht  fim  art  avoidtd.  Aa 
eMcltncy  of  from  80  lu  99  p«r  renl  u(  the  iheonllcal  cvAputuion  i 
uccptioiul. 


ituion  ii  thntton  no  lonfi^H 
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la  the  boilcf  is  a  pfctljr  small  aSaIr,  and  the  normal  gencfatioo  of  Meuiii 
■c  bavc  «ecfi  (Tabic  r4i>  to  be  quite  unequal  10  utiliiing  the  (ull  iractive 
power  >i  anjr  high  speed. 

6M.  The  boiler  is  not  an  uneconomirat  generator  of  power.     In  tlic 

tei  types,  from  7j  to  90  per  cent  of  the  potential  cncrny  wliicli  goes  inio 

11  in  the  form  of  fuel  leave*  it  in  the  form  o(  steam.     Nor  is  tlic  locomo- 

iiVe  boiler,  in  apile  of  it*  K'^'ut  ctBcienry  in  proportion  to  weight,  inferior 

10  other  typcii  in  economy,  the  very  be«t  of  stationan-  and  marine  boilers 

•V>ne  excepted.    Without  Koing  into  details,  for  which  space  cannot  be 

Uken.  Table  145  ^wtt  t)ie  substance  ot  the  faccf  in  relation  to  its  ordi- 

"■•^  working  when  nut  burniri);  over  80  to  100  lbs.  of  coal  per  hour. 

'^'ticn  cotnbustton   is  pinhed  harder,  the  lou  from  unconsumcd  coal 

'j«<:;rtcd  by  the  blast  is  much  lie..vier. 


THE  CVLIMHek  PUWER. 


I 

^K        U7.  Since  we  have  seen  that  the  locomotive  boiler  la  quite  unequal 

^P^  supplying  sienm  enou(:h  to  utiliEe  ilir  lull  adhesion  at  high  speeds.  <l 

V'^sulU  in  no  serious  loss,  and  need  ocrasioii  no  surpnse,  thai  the  oylin- 

''^r.  which  is  amcie  traosniiiimg  agency,  is  in  actual  practice  iind  »% 

■^<:tiially  constructed  unequal  to  transmitting  such  an  amount  of  power, 
f  ven  If  It  could  be  gcnersteiJ.  As  the  ipewl  rise*  abo\'e  the  lower  work- 
"•*([  speeds  fo*  which  the  locomotive  *as  dcsi^tncd  there  is  a  very  great 
•"eduction  ol  cylinder  clTicencv  as  measured  bv  the  average  pressure  in 
^e  cylinders,   cut-oA.  opening  of  throttle,  and  boiler  pressure  being  the 

^^b  0OB.  The  steam-engine,  even  <n  its  most  perfect  forms,  attempts  only 
^^*0  coiiVTTt  into  wotk  the  f.tpjnsi\t  energy  of  steam,  which  is  a  very 
«mall  pan  of  its  total  energy,  .Ml  that  gre-^i  proportion  of  the  heat 
^■-energy  in  the  iteam  which  lias  been  required  (or  the  purpose  of  chang- 
^H  Ing  it  from  water  into  steam  i«  wholly  thrown  .iway.  even  in  a  thcorcil- 
^B  Catly  perfect  ^team-engine.  It  t5  hardly  to  be  conceived  of  that  science 
^H  Will  not  eventually  discover  some  riidically  different  device  for  convcrt- 
^B  ioK  heat  into  work  which  will  be  many  times  more  clleciive,  but  at  prc^ 
^H  ent  we  do  not  seem  to  be  even  tending  toward  it. 

^H  999.  All  ordinOT)'  forms  of  steam  •engines  are  in  substance  similar  to 
^1  the  cnninv  ot  the  locomotive,  which  m  its  essential  outlines  is  simplicity 
^^  Hielf,  consisting  only  of  a  piston  vibrating  back  and  lorth  within  a  cylin- 
^H  dcr  to  whkh  steam  is  admitted  and  cut  oil  at  each  end  alternately  liy 
^"  some  form  of  automat ieally-act ing  valve— in  the  locomotive,  the  slide- 
ntve.    The  steam  is  admitted  for  a  ccn^.o  fraction  of  the  stroke  (one 
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quarter  to  tliivc  quarters  in  th« ordinary  practice  of  the  locomotive).  < 
the  period  «/  admiuicH  ;  then  cut  oil.  pcrmiiiiiig  irhnt  Btcain  U  shut  up 
In  the  cylinder  lo  cxitani)  and  do  further  work  during  what  is  called  t)ie 
period  of  txpamift ,  and  then  rtteaud  or  permitted  to  escape  at  or  be- 
fore the  end  of  the  stroke,  eo  that  there  may  be  as  little  as  possible  baek 
preiiHr4  to  resist  the  rcium  slioke. 

While  this  (iivivion  of  the  work  done  in  the  cylinder  Into  tlw  period 
of  "admission"  and  of  "  ciponsion  "  is  convenient,  yn  during  each  period 
alike  it  Is  llic  cxpsinsive  energ>-  of  the  steam,  and  that  alone,  which  does 
what  work  is  done.  J 

560.  Ox  the  proper  detlgn  »[  the  valve  tear  by  which  ibc  slide  vatre  n 
movci),  anil  »'•  Ihr  ■ilin<«*ion.  tut  oil  and  rclcubir  of  the  gteam  cnirollcd. 
hang*  nearljr  the  whuk  i|UMIion  of  gaod  ot  bad  noiking  of  the  cylindcrt,  a 
It*  theory  li  a  siudy  In  iitetf.  Into  which  we  need  not  ciiier  ;  r«nteciilii|t  ou: 
aelvcs  wiih  delerminlni;  what  are  ihe  iheotetiCAl  timiis  »(  rlFicirticy.  what  ate 
the  mulii  actunllr  obtained  in  (ood  practice,  and  how  thete  iMults  ought  to 
be  and  are  aAecied  by  raiymg  (omlitmni. 

U1>  The  form  «(  valve-gear  known  a«  the  link-motion  is  in  all  but  oatvi 
■al  UM  on  American  enit<ne«.  and  li  utcd  on  a  large  nia)i>rity  ol  all  foreign 
engines.  It  wai  invented  almott  <onlenipi>r>neouiily  with  the  locooioiive  Itaelf, 
and  a  large  pan  of  the  credit  for  it  i>  due  lo  the  *ame  raan.  George  Sirplirnkoti: 
so  Iliac  it  is  nut  nnjuiily  known  by  hi*  name,  althnuRli  it  is.  prnprrW  speakin. 
the  invention  of  Howe,  a  foreman  in  \\n  thiipt.  It  has  nut  been  tsieoiiall 
modified  or  Improved  upon  since  iii^  invention,  except  u  advancing  experieni 
bud  KtvFii  hriier  knowlolse  of  the  precise  proporilons  which  It  should  ha 
and  it  is  with  juMi<T  iCKirded  as  on«  of  the  mott  notable  inspiiaiioot  in 
history  of  mechaniitn.  fulfillinj!  as  it  does  very  simply  yet  lemaikably  well 
the  complex  re<iolrempnia  which  a  locomoiivc  valve  f[c->r  thoulc!  have. 

B62.  NoTrrlhclm*  there  are  rertain  ilniiaMr  en<U  which  it  doe»  not  fstlil. 
and  In  recent  years  a  number  of  ralve  Rears  have  been  devised,  some  of  ihefli 
of  a  highly  Ingenious  chatacier.  which  ate  claimed,  and  probably  wiih  iralb. 
10  pouoM  certain  practical  advantages  over  (be  link.moiioii.  and  which  hav« 
met  wide  acceptance  abrnsd.  It  is  posfihle.  atihnugh  as  yet  hardly  protaabk. 
that  some  of  these  may  eventually  suppUni  the  link-motion,  but  none  of  them 
have  yet  been  ihovn  lo  give  such  radically  difletent  results  from  the  link-mo- 
tion that  any  of  (he  conclusions  we  shall  reach  will  be  allccted  thereby,  except 
in  degree. 

S63>  As«uni(-  such  n  cylinder  as  thnt  dcsciihcd  in  par.  \\^  \q  have  a 
eOflDcciion  rjprncd  with  the  boiler,  at  the  beginning  of  the  stroke,  tvhfch 
continues  open  until  the  end  of  the  stroke.  Let  the  connection  with 
boiler  be  then  closed,  and  a  connection  with  the  outside  air  opened,  so 
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fr-LBS  OL  Work. 


*froA»^ 


I 


aitopcmik  the  inclosed  Rteam  to  e»capc.  while  at  ihe  same  time  gti»m 
e  admiited  to  the  uthcr  end  of  the  cylinder  wid  tlic  operation  Ji 
tpcaiwl. 

564.  In  thi»  we  have  a  steam-ennine  of  llie  ftimplcsl  type,  which  was 

if4o  the  e-irliest  type,  and  an  indicutur-dia|;ruin 

°t  such  ui  engine,  if  it  worked  perkctty  (which 

't  Would  not  be  likely  lo  du  at  vcn'  liich  st^'cdj. 

j  "'Juld  re.te(nl>lc  Fig.    iii.     The   boiler,   beiiiu 

Jc^nMiiiitly  generating  ateam,  may  be  considered 

1^.    for  the  time  bein^'.  a  reservoir  oi  iiifmitc 

'olume.  and  the  expuniion  of  the  slcam  to  till 

'H^eytinder  will  not  reduce  iLs  prcKiurc.     Con- 

l*<:<|Henily.  ihc  cylinder  pressure  througlioui  the  '''*■  "'■ 

troke  will  be  equal  to  the  boiler  pn-s^ure.  und  the  diagram  will  be  a 
*'*^cuni;Ic.  in  which  ihe  foot-poimdii  of  work  done  will  be  represented 
tjy  struts  IK  ft.  X  ttrea  ef  piiiett  in  Sf.  fttS.  x  MUr  ^euurt  in  lit.  pff 
tH.  The  efficiency  of  even  so  crude  an  vi>t;i'i<:  **  t'"*  '*  considcrMbly 
\-et  three  fourths  of  what  i«  actually  realized  in  (uir  uvcruffe  practice. 
4nd  fully  a»  much  as  i%  realized  under  unfavotuble  conditions,  and  inuy 
W  detutnined  thus : 

Ma.  A  17  XS4  in-  cylinder  ha*  a  capacity  ot  a  I  its  Cu.  (i..  Md  will  bold 
Alini>ii  prcciicly  tnr  ptunJ  ot  live  itcam  at  a  prcMurc  of  I36  lbs.  per  sq.  in. 
tttiQVC  the  BimoKphetc — an  ordin.uy  working  prctsuic.  The  work  done  liy  this 
vteam.  in  looE-pouftd*,  it  Ihere  be  do  loss  by  candcnsktion  oi  other  diftturbinf 
*iau>c,  will  b« 

— ~  X  1*6  lbs.  X  a  ft.  =  57.aoo  (i.-lbs. 

Dividinx  (his  amotuit  of  work  by  (be  mechanical  equivalent  of  heat,  we  obialo 
■•  the  luefel  work  which  aught  to  bt  realiied  If  there  were  oo  lusses  by  back 
pretMfe  o<  steam,  condenuiion.  or  oiherwUc, 


t; 


57.aoo 


=  74.09  H.  V. 


lo  addltioa  to  ihls  unefut  work  the  steam  bus,  In  a  non*eandensin|[  eneine. 
I  dooe  thU  nork  ag-jiifitt  Ihc  pre«»uTF  of  ihc  atmoiphcro  on  the  opposite  side  of 
ibepiMon,  kmosialin);  to  nearly  i;  lbs.  per  sq,  in.,  or  about  :i.3  percent  of  Ihe 
Bsetol  pfeuore.  Cooipuied  to  include  work  done  ogains:  ihit  prexture.  moxt 
of  which  ts  aroided  In  marine  and  oiher  condensing  cn|[inet.  the  toUl  work 
doiiF  is  equivalent  lo  74  O)  X  I.I  11  =  S3.<]i  H.  V. 

Now  tbe  loul  beat  in  this  quantity  of  sieam  Is  (Table  143)  1331  H.  U.,  so 
IbM  til  that  is  uulued  Is : 
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Cittint  *f  »t  Ftilt  Stitlt. 
In  «  peifecl  noo-conden*ing  engine.  In  ■  perfect  c<>nd«ntb(  voK'nc 


IS31 


=  6.u;  pn  cent. 


— '^  =  6.79  per  eeni. 


19*1 


ritb  aa 


PracilcAlIy  e%-cn  thin  rcdult  is  7  or  S  per  ceni  loo  greai.  owing  10  ihe  Hei 
WMIed  10  All  Ihe  paBiuRci  beiiveen  the  valve  and  Ihe  pition,  vhich  doca 
wo(k  whatever  unlets  the  ttc*in  is  expanded  alief  bciog  eat  «S. 

S66>  There  being  3}.ixm  X  <«>  =  i.ijOu.ooq  It.  tbi,  in  n  horw-pover  p«( 
h'lur.  wa  fthitl  )i*i-r  in  ute.  in  oriler  to  develop  a  horK'power  per  boiu  witb  aa 
engine  worked  in  tbi«  way, 

t.gSoLOuo  ,    „        . 

— ' =  yiot Ibi.  o( Kekm. 

And  1(  we  had  a  boi'er  able  10  uiiliie  the  full  evaporative  cacleflcy  ol 
It'Hid  coal,  initead  of  onl^r  one  half  10  three  fouriha  of  ii.  we  ithunld  rei)uire 

=  a.S;  lbs.  ol  coal  to  obtain  one  liorse-powcr  per  hour.  J 

S67.  Only  tinder  ihc  must  favorable  possible  circumstances  for  ob? 
tainiiiK  ''■c  i»n  degree  of  efficiency  out  of  (he  locomotive  is  n  possible 
la  obtain  a  borsc-powvr  per  hour  with  3.S7  lbs.  of  cual,  or  with  Ie»  than 
25  lbs.  of  steam.  Ordinarily  in  fact,  even  on  long  up  grades  which 
aliortt  the  most  favorable  localities  for  the  economical  working  of  the 
locomotive,  something  like  30  lbs.  per  hoisc-power  is  used  (sec  Table 
146).  With  ordinary  eviiporaiion  of  6  to  S  lbs.  of  water  per  pound  of 
coal  fn>m  4  to  6  lbs.  of  coal  per  hur^C'pourer  per  hour  arc  required,  and 
this  b  about  what  is  ordinarily  obtained  from  Incomotivcs,  the  very 
fiiK-it  marine  eiiKinvs  runninK  down  to  1  3  to  1,5  lbs. 

96B.  M^ny  engines  in  time'  p»>^i  have  been,  and  in  fact  still  arc.  rti: 
at  nearly  full  stroke,  as  notably  higli- pressure  engines  on  Mii!siKsipp« 
River  steamboats  In  the  locomotive  this  is  nrraxionally  done,  Uii 
usually  the  steam  h  permitted  to  expand  through  about  half  the  stroke. 
The  theoretical  goin  from  doing  this  \*  large,  but  the  practir-al  gain 
sniall — so  small  thnt  nc.irty  alt  That  is  gained  by  it  is  to  neutrulize  the 
various  practical  ob*t;ictcs  to  realizing  llie  (uil  theoretical  work  of  Mcai 
«  full  stroke. 

569>  A  tbeorelically  perfect  condensing  sie»in  engine  and  boiler  re<|iii 
only  }  lb.  per  H.  P.  per  hour  of  coat,  and  some  6  Ibt.  of  water,  at  a  balli 
pressure  of  130  Ihs.  per  h(|  In.,  niltitlng  a  teant  a6  per  cent  ol  the  energy  in 
coal.     A  iheorelicalty  petfeel  non  condensinE  engine  uliltMS  16.7  per  cent. 

870>  Tlie  very  beit  ever  claimed  to  have  been  realized  with  locomottre*  la 
in  ihe  paper  by  Mr.  Wni.  Siroudley  before  referred  to  (par.  ^501,  where  it  is  slated 
that  in  a  nip  ol  su*  mile*  ai  4]  3  miles  per  hour  the  average  coal  coniomption 


I 


CHAP.  XL— LOCOMOTIVE— CYUND£R  POWER. 


461 


Inthun  df  cimI  for  SVKinc  ii|i  tlt*m.  which  is  about  3  lbs.  per  mile  run)  was 

»l*;  Ibt.  p«r  mite,  sikI  the  avciag«  hoi&e  powc*  developed  528.53  (i*«  Flu, 

lift    This  amounu  to  produeins  a  hoiac  povrtt  with  3.04  IDs  «(  coat  per  bovr 

-oaotl  wbichhu  been  appriMchpil  elsewhere  unJei  ihe  moit  favorable  con- 

drcat.  I>ui  wlvrn  allsKcd  as  (he  fe»llll  o(  an  ordinary  service  run  ov«f  iindii- 

l"W(  {rades  ii  ii  all  but  certain  ih«t  lit  rem»r|[iilj|j'  favorable  rcsiill  is  largely 

^  M  Mnou*  rnon  In  ilx  tccoid  ;  in  Kreai  purl  probably  originiling  In  (he 

^<^MM  r>f  ihr  tun,  in  whieh   only  some   iii»  lh».  of  ruiil  In  alieBed  to  have 

^n  barn«d,  04  1.1  cu.  ft.  per  iquare  fnol  ui  crate.     Tlir  »nrne  allowance  niuM 

W  made  lor  the  alleged  rate  of  evaporatioo,  II  610  la  6  lb*,  per  p-^und  of  coo). 

■hicb,  li  b  rHkloB  Imle  10  uy.  i*  (torn  i'>  to  aa  per  cent  bcyrKiil  ihe  llmiit  of 

pAytKal  pOMibiiity.  in  view  of  the  fact  that  Ihe  gases  In  i)ic  tinokc-bux  teem 

*"  hate  ti»"l  a  ternperume  o(  (mo*  Fahr. 

OTIt   A  far  better  indei  of  averHKC  practical  result*  it  thai  given  En  Table* 


Fic.  in. 

t)l4AVA«  irnVBIIO  kaVLTfe  Of  A  Tfe«1  Ktt   A   B«LU»I3I    ljx:tl»J:rnVB.  irv  J0IIX  W.  HlLl«  H.lt* 

pmo  *  Ri!»  »«-»iiii  C>"ci»K*rt  fv  H««ii.rov.  j(,j  Miiiw.    iS«  Tjbl"  unand  i(M 
fTlM  at"«civ4v  rvfvr^cfTi  ihr  inlervaJi  betwren  mdic'tAr.dijkrr4iii«.  which  nttt  uHen  maa 
ooick  ■!>;■  jiiiiiiii  I  <:.  in  J}  milcL  (rf  ih-  iMa.^iinil  not  tn-tci  r 

The  •ei*  ff"'  ''c  "i»y  •»«  toniuJertd  »  ihr  tumv.lini  ot  ih*  it«iivc  (»mr, 

whieh  tfwolil  U-'i  "I  ininif^iAIVIy  lotvtbf^b  hi'ikmBr  Lhcdown  iirailr.  iX  ihc  vclot'itf 

(r«r*  ia  rtBian  ice  iimc.  irui  jniiTod  nl  Ihli  vris  iHltiuini:!]  itMUl  ih*  umc  fur  mdm  eiltUK*, 
wiib  ibe  ellMI  04  i[t»iir  incituinK  itac  wv**^  *°<)  liDr>c-t<owci 

1  j6  and  147,  where  Iroro  4^  to  si  Ib».  of  eojl  per  horse  pnwer  per  hour  »ier« 
requited,  rising.  «ben  cotnbualion  >M  *o  forced  as  10  expel  uncontumed  coal 
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Fie.  u),— Suaiimnt  m  nn  Xjmam, 

Ktptta  PuMiHicr  Bnci'H'-  aM^"  V  fV'  er'>o>lcrv  fi  It.  v  is.  diintt.     Hun  KCiglit.  ett 

/h^  Wmi^  inrinriMig  Icftdcc  ^  t>  14  ton*  141  drtt-rn     WVivK;  of  rnptnt  And  tjcvriafii^  Itf-T 

Irwii  Ike  sa)okr*ftlark  (a*  Jl  oflcii  ii  in  praclice).  to  orcr  ;  tb«.  Fie,  133  iboin 
lh«  fluciuaiioni  of  *p««d  and  tractive  pover  daring  a  pout  of  Ihti  run  tn  •  ton*- 
wbkt  liniiUi  tnannet  ta  Fig.  laj. 


Table  t46. 
Tnn  or  A  Baldwik  t6XB4  ix.  Awkhican  Exaixi  ik   EiruKU  FktiotiT 

SSSVICB. 


IDtdiKol  fixm  Record*  or  Ttui  br  JoliD  W.  Hill.  M.  B..  J«i>.  Frut.  InO-,  Afvil-Har,  i(f» 
Far  drlail*  ol  cn|i«(  and  mln,  ar  bclen, } 

BotLC*    PkUOUiUlca; 

CiMinnatl 
Hanniaa. 

lUaillM* 

10 

TawCrttk. 

Twin  CrMk 
DaiioB. 

"    Irts  J  p.  c.  primac* 

lb*. 

7** 
7  oj 
8.36 

9-96 

83,9 
ias86 

•q-h. 
3-M 

4-75 
4  \\ 
S-34 

i3.or 

■  T)-o 
19.856 

nti- 

«-S7 

Ibt. 

*-ss 

6.M 
7-30 

IS. 24 

tl7.3 
ta.918 

3.61 

Actual  FTjp.  ilrtt  pfimaKTi  per  «q.  \\. 

ol  bcaiinn  lurface,  pet  iHur 

Coal  bHraeil  pet  bq.  It.  o(  crMc,  per 

H*ap'n  from  iikI  al  lis'  p«r  hour. . . 

EMimalinit  coal   linmcil    per  «),  (L  of 
pate  p<(  hour  ttitb  lulural  iJnfi  u 
3j  Iba..  mnd  one  borte-powrr  rr  15 
■q.  tr,  w*  katc.  <or  bucb  an  engine 
a*  nlHivr,  for  ^1 

HuiinK  Miriicc  pet  It.  P.  df 

Ratio oldTeci of bUu  ftoal bunted.... 
lo    nalurul    dritl.  \ 
comparing  bjr . . . .  (  healing  surface 

3.36 
3-33 

4'M 
4-» 

4.04 
4.03 
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ili-,^  Liai  1 1 11  i-^/^ 


A 


w:- 


•\ 


■tf 


Bbsktoh  a  South  Coast  Railvav. 

Sftrd  Id  Dilca  per  hour  is  indicated  by  the  fipurei  at  Ibe  :op  of  the  di^tgnLm  and  by  Ibe 
beiT*  ftolid  line^  Htrst-p^vftr  is  indicated  by  the  dutced  Imp  made  of  poinTs.  Traclivt  forct 
■  iDdicaled  b^  the  light-dotted  line.  The  dotted  linet  aLang  the  base  show  where  du|E[>ma 
wtrt  ukcd,  49  ia  all.    Tbe  three  tmw-head)  at  the  Jelt  iDdicde  stops. 

Table  146. — Continued. 

Engine  Ptr/orrnatue^ 


Uiles  run  

Speed,  miles  per  hour 

Mean  boiler  pressure 

"      initial       "         

cu(-oR 

"      effective  pressure 

Grade  oi  expansion,  inci,  clearance.. . 

DiSTtiiBUTtoN  OP  Power: 

Indicated  H.  P 

Power  absorbed  by  engine  only  above 

all  resistances 

Gross  load 

Extra  (riciioh  due  to  load  (;  p.  c.  of 

gross  load) 

Power  expended  in  moving  train 

Per  ceni  of  total  power  absorbed  by 

engine 

Cost  of  Power: 

Slom  per  hour  to  engines 

Sieatn  accounted  for  by  diagrttms 

Per  cent  of  ijo  

Steam  per  I.  H,  P.  from  boiler 

'■  diagrams. . . . 

Coal  per  I.  H.  P.,  aclual 

"  "         "       at  I  to  g  evap'n. . . 


34-7 
17.23 
132.0  lbs. 

9S.5  " 

■53 
6s  o  lbs. 
3.0 

H.  P. 
291-9 

33-4 
258-5 

13-g 

245,6 

15.80 

IM. 

9.424-6 
8,017.3 

85.0 

3S-3 

37-5 
4.24 

3- 59 


15.87 

32.67 

134.0  lbs 

107.      ■■ 

■5"5 

O4.3  lbs 

3.0) 

H.  P. 

368.7 

4" -3 

337.4 

16.4 
311. o 

15-63 

lbs. 
13,313 

9.883 
80.3 
33.4 
26.9 
7,03 
3.71 


16.267 

23.0 

123.0  lbs. 
105.5  " 

-S3 

63.3  lbs. 
a. 03 

H.  P. 

388.5 

44-3 
344-a 

17. a 
327-0 

15.8a 

lbs. 

13.415 
10,324 
B3-2 
32.0 
26.6 
5.36 
3-5S 


Tbeae  tests  are  perhaps  as  fairly  representative  of  every-day  American  practice  as  asj 
Whldi  exist.     See  details  on  followiDg  page  and  Table  147. 
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DrrAJLa  or  Kvcixk  akd  Tba:n  mii  1  At>Lti  146, 14?' 

Ei]d«in  Anwrican  enelae.  16  y  14  in,  cirluidin,  &i  in.  dTttvra.  11.99  <<).  ft.  gfaM 
8$S.7  toUJ  heal  ini;  tuif arc. 

Wtiffhl  on (ldTer»,  m-X40'.  iruclot.  >7,iSo;  toul,  Ti.aolbs, 
W*i||:lit  <ii  tcnilFr.  empty.  t\ifio  Ibk. ,  iuiiil,  j^.uiu  llM. 

Train.  35  loadfil  boi  can  and  nbijiqc. '•'«i|;hiii( 7B*.94  Mm. 

Av*raKtot«ni;tne  and  leader 51-74    " 

Total  wcichi  o'irain 8jftC6  Hhul 

Koifinv  m  cnlinary  wurkine  ordfr.  out  of  ihup  »  moatlii  'SM?!  nulnh  ruisburc  No. 
t  <M).     Dale  of  leils.  }y\j  jO,  |8}K. 

tiaporaiion  per  K].  fl.  of  lin-bux  iDrfaee,  uuitnioc  Ao  p«[  nrnl  of  itie  onponUina  (o 
have  been  frcini  t)iM  tarlKf,  9>5J  lit.  ptr  bour, 

Friction  ot  engine  wai  deMmiitied  by  lenn  of  mditator-dlo^Aint  M  each  tperd, 
avengiiig  IJ.S  percvnt  (including  l)ie  alluwaDue  of  j  precftil  for  rtlfa  urork  <lua  10  Inad, 
which  b  protubl)'  loii  Uree] .  wtiitc  llip  wei)riii  .if  lliv  rnijine  •»  only  6.65  per  nM  of  tha 
IoulI.  Tliln  work,  hmreivr.  includn  atmotphenc  head  resiiUii<:p  W  uelt  as  rDttlnc  and 
liilcmal  I  ruction. 

572>  A  tnore  rraiunable  picMtitation  of  whai  ta»y  fairly  be  expected  iiom 
liKiimowti  undrT  the  must  tai*»iatilc  wuikin);  cundiliuns  lor  derr^jpinK  poKcr 
econotniCjUy  11  given  in  a  paper  on  '  The  Coiuampiioa  ol  Fuel  in  Locamo- 
(ives."  rr«d  brfiire  the  Iniikutiria  of  Mectiaakal  Engineer*,  bj  M.  Georcei 
Marit.  eflgjne«r  ol  (he  Pant  J:  Uycjiiii  Railway,  of  F(anc«.  In  lbc»c  IctU  * 
pOKcrful  iocoQiotive  I3ii  X  >6  in.  cjritnden,  eight  4  It.  l|  ta.  driven,  eattying 
•ome  loo.uoo  lliit..  C1&11  Hcuret  not  glTcn)  wa*  loaded  with  a  light  train  of 
167, S  to  183.3  Ions,  and  run  vp  a  lon^  grade  ba  ihc  Mont  Ccnit  line,  rittagf 
170911.  tn  tji  mllei,  or  about  a  liro  per  cent  averse  grade  (the  aiaximuin  being 
3.6t  per  eeiit.'.  In  one  hour.  The  total  lax  on  ihe  adhesion  oa  Mich  a  grade  ku 
•inty  some  6(  1b«.  per  ton  mHxinilltti  and  4(1  Itis.  averatte.  or  a  total  average 
traction  of  some  »ooo  lh».  With  »o  light  a  load  ri  was  poisible  to  e'ot  of  at  ooe- 
nfihuiioke.  The-  .luitior't  eonctuiioni  from  the  icit*  are  that  with  a  good  loc«h 
tnotive  and  ■  good  driver  the  con  a  um  pi  ion  o(  fuel  i.nd  vaiei  »  as  follotM  : 

Con^iiinpiion  of  fuel  per  cSewtlve  hor*e-power  per  hour. .  3  37  tbs. 

Connumption  of  fuel  perindieaied  b"r»o  power  pe.  hour..  3  89  tl 

Ratio  ol  consumpiion  of  waier  to  consumption  o'  luct —  S.S8 

Rulo  of  dry  «tcain  produced  to  fuel  conturaefl S  od 

Tbcse  satisfactory  resulu  are  altilbniei]  to  ihe  (olluaing  raiM««  :  "(■)  Tbe 
loUl  heating  »urtace  of  the  boiler  is  veiy  ian-e  compared  to  the  grate  Mirface. — 
9610  t. — to  th.it  the  boiler  abiorbt  the  heat  ol  the  git*  rery  completely; 
(3>  the  tylinders  of  ihr  loromotive  are  very  Imgc  — accotdiog  to  tbe  late  M. 
Marii'*  lystem.— so  that  ih«  grvl*  ol  expansion  nbigh:  (}l  the  locotaotlve 
wna  very  well  looked  alter,  wbicb  is  an  imponant  poiM  in  ectKiony  of  AkL", 
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Table  147. 
Dktails   «i  to   r.ie   REn$TA!<CE:t  or   EsaiNi  AKn   Tkaik   \tt  ntt  Tests 

AlUTKACVKIl   IVi    tK%    I'HKi-KUISU    TADLE, 


1m  tbrcc  rnai  a( 

-Ai  tpMd*  u  Bi>«  pa  bnur  oC,  i 

'T'bcaTtMtciiMl<c4i«il  H.P,.i»deieriDln«l  byihcuvtnst 
of  titfite  tfekea  on  boift  tide*  of  tiio  cD^iikv  *-mulirf- 
M«wt}f  di  inicrvilt  df  iwu  int^iuict.  W4a 

^W  eniknvr<i<Moritieir4fnh4*t1cbtvn.cFijfior.  )^rt '^ 
}•>  «(  =  lyi  W  loiit.  wr  Dnir  (amiiuie  Iroio  llic 
>tHfV4  d'lM  1^1  the  AtcMffc  Ictclivc  en«rjr>rof  the 
■atookmi**  (iiuludinc  tudnn  iiittrnm  frietignl  m> 

Vf^.AVrT^Tif  cr^Erlr  trtifl ,-   ^   --.     --- 

IIUI  iliil  Oic  to'liijinl  II.  I'.  neensArr  In  nl'Xv  (li« 

ca^fv  h^«iv  *i  itw^ivtn  i^xnlft  u«s      ..., 

And  It  w««  iwjrfittfd  lliAl  whrn  she  (nn^'^c  wa«  worktnv 
htiil  llMii'  H-i  >  lU'Ilio  *6Ai\.ian  \n  lu  IKMnul 
rncIJofi  vf  ^  pc*(«iit  tHAon  work  done,  b.-..,^^-, 

Uafemt  tDMl  tl.  I*.  a>i»iib*d  wiihtn  rnflnp 

t>«ddalnff  ibh  (too  ihc  wntk  done,  and  dfdutl^fijEfimint 
Irsm  m>clii  i-l  irain,  w*  cind  ih*  »cnRa  ir.itiina 
CHrt«d  ^if /4f /p"'v  «'■•« ,,.     ...._.   ..     . 

LuvinRU  iV  P4UCI  foquitol  la  propel  Uic  cns'oe  ludl. 
wtl^^lt  tuld  . , , .      -,    ,„-^. .-,-..    , ,,... 

AM  vniBaMd  >ddi<ii>n  le  *n(ini  n«>ai)iflcc  wlitn  Kork- 
■nc  ftaf4l]  (L<.> 

Tuial  conuotioiu  forcr  in  ib«,  lo  aotc  en£.  icacif , 
Or  li  Iht.  prt  ini.  nl  fdeIhc  ud  icndtr: 


C  I*  H.  H.  10  T.  C.  T.  C.  IU0, 
■t.T  milea,  if. If  miln,  lA,*;  mlln. 
i?.n  n.dr  «ja 

A<reri((  at— 

da  C4rd«-        to  card*.        n  rard*. 

. 1    II,  I". , 


-lb«.< 


*.«»              fcuflj              «,ni 
JM  pcruiD . 

»  i»  »  •?  J  is 

, — I.  It.  P.,cnBiae  oolf'^ 
U'4  41.3  4M 
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6.8) 


-Ebi.  p«r  Lan- 
*  S» 

—Tout  Iba.— 

•71. 


if.a 
6.5 


•  »i 


ifti. 


Ld^vflourt  wilhauT  load.-.. ^%-^ 

I»»ea*cdiKK>)ftid. , .,        i  oa 


-IIh.  per  tftn- 


Toul  IntaastiTi  miitaacr 

B(  '.he  elltelivt  endjrei  of  ihe  tnf  ine  for  air  re- 
aiaj.4r(«  tu  be  ijv  Ul.  H  .  4E11I  air  rt«itlan4'c  lo  he 
^  It.  |4r  *^  (I .  at  (a  railn  prr  Tinur.  vrit  haT«  for 

aif  itvtl  T^'ft'Tancf  onJy ... 

Iiiiiail   la  ihf  iiicil*e  and   inKin'l  mliuace  ol  ihr 
(■(■nc  witlHUi  load  ...   .......  ...,,4,. 


h  mmd  Cii^vret.  W4  tnay  .lelucr  rroo  Th«  prfcc^li'^if-  for 
toc<iB«iv*  r4tihf4»{-«*  iM  iFn  y^t  Ion.  of  eiijficiea 
«d  ihF  AmfiluB  iipc  'in  which  hud-'icaianot 
■nuidhea  llricrproporiKin  ihan  In norc powcfful 
•aaian) — 


iS  (■ 


'*» 


.«7 


•IT 


I>  «4 


■»i 


4>I 


SM  4t« 

LbL  per  (on  of  cd|. 

(  Aimf4pherie  ....   ---   ...     j-o 

Rollrnir  frieijon.  ti|hl  ...     j  o 

Interna)    "  ''.,5.0 

•'         inctme 

due  10  load %,a 


Toul. 


TbtaTcriR*  ol  iM  Inln  ^ebind  engine  IS.  tar << ■— ■  ..    t.TS 

Ellen  BfenBTue  rMiiiance.  |ht.  per  ton  nr  entlfte , .   ii  ^ 

Tte  ntflor  a>cru«  «ben  dtAlnhuTcc)  thtuudh  the  entire  train  (qf  ^  Toaded  cara)  makfi  a  il^llcr- 
tnce.  anho»o  abaec.  ol  ooljr  (aferaga,  ».n.  a.ia.s.;;j,  Hf M  lb.  per  ton. 

JO 
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Relerencc  '\%  also  made  in  (he  nme  paper  to  come  expetiniMiU  nuite 
M.  R«etay,  Chief  Engineer  of  Ihe  E»ile(n  Railway  of  France,  on  coniunip4ian 
of  foci  In  express  engines  hauling  expreu  train*,  showinc  JiOt  lb*,  pec  mill* 
calcd  horsc'powcr  as  an  jvrraK'.  and  1.45  Ib«.  ai  ihe  minicnuiii.  These  >ati»< 
factory  rcsuUi  ate  claimed  by  the  author  10  be  due  In  Urge  pan  10  Ibe  uie  tA 
Urxr  hcalinjt  surfaces  and  larKC  cylinders  :  he  alwayi  buiti  hii  own  loeitmo- 
live^  by  thai  rule. 

973.  The  present  tendency  In  tfals  counirf,  homver,  it  not  by  any  meaa* 
toword  the  UM  <>(  UrKe  cytmileff.  but  rather  toward  heavier  ent;ine4  and  bnilert 
(or  Ihe  nme  cylinders.    The  comparisun  given  in  Table  14S  shows  this  ve 

TaUle  149. 
Inckubb  in  Totai.  Wright  of  E.scines  havikc  thi  SAWt-sizn> 

CVI.IS'DIIIS, 

Baidxvim  Letvmtltvt   Wfrki. 


CUK  or  Bhcih*. 


American  . . . . 
Mogul 

Consotidation 


Cylladtn. 


16  X  aj 
I?  X  *4 

16  X  w 

17  X  H 
iB  X  S4 

X 
X 


10 


WaiOKT  in  WiiUHiito  OcDia.    I  =  loee  Lai. 


On  UrrnrK, 


n    ■» 


S4 

57 
04 


61      70 
87     9S 


Inc. 


OaTndb 


TolaL 


71- 


'U. 


Im  '    'TV 


M. 


7a 
80 

?» 

94 
lofi 


Inc. 

7 
■o 


.H 


»3 


^4tN/r  hhaaH  LtmuHtt   Wanh. 


YtAI. 

tofu.  WmtilT  IB  Poimas. 

i*"X»*" 

It-  X  «■■ 

iv  X  n" 

IS85  . 

6J.150 

67.630 

70,100 
7J.665 
'>i.7S0 

83.730 
103.700 

Mirgul  Snginri. 

1871 

65.150 

70,100 

7T.OIO 

M.jjo 

1     im8m> 

1  IU.7W 
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4^7 


W  y.  It"  <r*iiHcnv 

ty  X  •I'Cnwnm. 

Tnr.            Wti|tu~LtH. 

Yur. 

Wocbi-Lte. 

ii48'.    . 

"657* 

"S59I 

•s«>t 

itta 

iSSs  . 

t8M 

5O0OO* 

58.000* 

S».ooof 
S4.oot>f 
61.400 
70.000 

81.000 

8),ooo 

i8s7 

1865 
iSBi 

1884. 

188s 

S7.0c»» 

07.700 

67.000 

TB.400 

80.000 

40.000 

91.000 

•  1^  '  (• '  nilndtn. 

•  tf"  Hf*  cTUMtn, 

I 


Sm  tit>  TiUb  iit-ijo. 

HoH  of  ihc  (UikinK  cIuai:*  tfcoira  in  tkb  ufak  it  aetouMcd  lot  by  Ik*  fttdiaal  i»> 
CMaHln  boOtr  pnuurKairifd,    5*v  par.  &>j. 

MfikiaKly.  After  allowing  la  full  weight  to  ih«  cfltct  ot  ihe  incmM  in  boiller 
pwMUtc  tutted.  I1  U  clear  ihat  there  i*  ao  tendency  lovatd  udng  larter  c^lin- 
4cn  loT  ihe  Mke  of  brinic  aMe  10  col  08  railier. 

-ma  TtiEOKiTTicAL  CMS  m  bxpaioiok. 

fi74>  Under  "  Mafiollr'«  Urn"  (nlven  in  any  lexi-bonk  »n  phytic*)  the  vol. 
BOM  of  a  gu  is  inveneljr  a*  Ihe  ptesuire.  ti>  that  it 
■be  gu  tuu  expanded  into  twice  the  wlnnie  it  eserU 
hall  ibr  t'ftuuie.  etc. 

In  "culling  off"  steam  ai  tome  point  in  ihcalroke, 
uj  half-  or  <|usner'ain>ke.  the  Mcam  in  the  cytioder 
npasdi  according  10  this  law  (ikeoretleally).  and 
thus  coiiliniin  U>  ptnli  ihe  pittoa  before  il  with  a 
gndiutty  decreuing  prcitnre  »  ibe  intetiot  voiume 
iDCTcaM).  until  at  the  end  of  ibe  (iroke  the  proaure 
i*  (Of  otiitht  to  be.  with  a  perfect  gas)  jau  half  of  a 
quarter  of  the  initiat  boiler  presture.  A  perfret 
IM  laior-di^ran  o(  torli  a  Mrofce  would  haye  ihe 
tortn  n)  Fia>-  "31.  iif>  the  boandlog  carve  being  a 
brpeibola.  ai  in  Fii[.  07-  The  ahadod  portion  ia 
lbe<e  cull  reprecenn  what  it  gained  by  cxpantion. 
ot  biidit  in  be. 

fiTft.  FUiI  'lean  i>  not  affected    In   prerlHly  ihc 


Fic.  It).— Till  Rati"  or  ma 
KfiAiMFi  fV.KTi..-^    TO  rwa 

I.IC«T««  cat  T^*'.-»(tKAL 


way  as  a  pctlect  gu  by  tbaage*  of  |we«iiu(e  anil  vohinie;  and.  moreovef. 
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Table  149. 
Theoretical  Efficibscv  of  Steam,  Expanded  in  Nonconducting 

CVLINDEHS.  INVOLVCNG   NO    WASTE   OF    HeAT. 

(Reirranged  from  "  StMm  Using,  oi  Swam-Enijine  Praelict."  by  Prof  Chu.  A.  Smith.l 

Boiler  presEure  assumed  at  120  lbs.  per  sq.  in.  above  atmiKphcre. 


Thcofcl    pounds 

Thcnrcl.  Gain 

MSAH  Effkctivh 
PlKUUlll  HH  Sg-  Ih. 

Sie^m  Per 

by  E^iuEiiiian. 
Full  Sirokc 

Gain  Per 
Ccnl  by 

CiiT4rr. 

Hone-power 

Per  Hour4i»  lbs. 

=  l.oo 

Non-con- 

Condcnl- 

CoadeniLfitt. 

over  AiidcM.) 

fabsoluie  prcv.) 

deniinK- 

inf. 

Full  Sirok«. 

31-3 

1. 000 

"9 

(31 

10. 1 

23. s 

1.285 

"5 

127 

10,4 

ai  4 

1.459 

107 

119 

11  -2 

1B.8 

1.666 

96 

io3 

12. S 

16.4 

1,905 

61 

93 

14-8 

>5-4 

2.278 

60.7 

72-7 

19.8 

II. 0 

2.854 

32-1 

44-1 

37-4 

A        "     ■ 

10- 3 

3.o.>4 

25.0 

37-0 

48.0 

■A 

B,8 

3-547 

7-9 

19  9 

151.3 

i".        *■ 

E.2 

3-83S 

1-3 

iJ-3 

92J 

The  mean  elTective  pressure  is  computed  by  a^uming  a  minimum  bock  pressure  ol 
i.,l  Ihs.  per  sq.  in.  above  the  almosphere  in  nim-condensini;  eiifpno!!.  and  a  minimuni 
Kiafk  prea:iurc  of  4  lbs.  (or  12  lbs.  i^ain  by  condensing)  in  condensing  engines. 


Taulk  150. 

Theoretccal  Economy  of  Ste.am  from  carrying  higher  Boiler 

Pressures. 

'JAbslracled  frcim  "Sir.im  UnlnijiOr  Steam -En  i:iric  Pracliee."  by  the  late  Prof.  Chas.  A.  Smith.  J 


Pnr.-.«i'HS 

Pdi-kd>  of  Dkv  Srntri.   IP  WnvKBn  in  a   Pkijfkcilv  Nnv-CftMirrTiKfi  Cs-LlrJ- 
DI-.H  PKt  TuTAL  HOMSR-i-itUKK  Pan  MouK,  WITH   CrT-OFK   AT — 

J**.".  Sy,  Iw, 

Pull  Sirnlic. 

%  Sirolte.      1      U  Slroke. 

^  Stroke. 

i^  Stroke. 

35-7 
33-7 
32-5 
31.7 
30.9 

30-5 
30.3 

24,  q 

23.  c 

22,7 

22.2 
21.6 
21.4 
21. I 

21.4 

20.3 
19.5 
19.0 
18.5 
>8.3 
iS.l 

'5-7 
14.9 
14-3 
13-9 
13-6 
13-4 
13.3 

II. 7 
II. I 
10.7 
10.4 
10.3 
10. 1 
10. 0 

i8o 

110 

Vet  feni    a\ 

Rcinomv     be- 
"  J  ween    ]Q  and 
:320  lb'.  Preu- 

■  II. 6  p.  e. 

ii.7p.  c. 

II. 2  p.  c. 

13.0  p.  C. 

1 1 .0  p.  c. 

CHAF.  Xl.—LOCOMOTiV&—CYUNI>BS  FOWERl 


469 


Its  Mpaniion  in  the  cvlind«r  locans  lh<  liwiBB  ('(  work, — nkkh  mcau«  lui«  of 
hru. — «rbi<h  uicaai  lt»i  of  piesiutE, — which  means  <  mliiciiiMi  tn  ilie  work 
dime;  »o  that  Ibe  Ituc  cuive  wbkb  ihoultl  txKinil  a  iheoirlical  tluK'^in  (whkl* 
wu  called  bjr  Piof  K'nkiiic  an  '*aili«bslic"  rurvc)  «nd  tbc  precise  llitixrticat 
gain'ableh  cbould  remit  from  rxpansion  i«  all  but  mcapalile  oi  rigorous  an- 
■ijict.  It  lu(  been  thown  tbat  tbcre  is  Utile  error  ul  practical  monieni  in  a*- 
Kummg  thai  th«  virAB)  expand*  in  aetot&txKx  irith  kIariolt«'>  faw,  and  il  ■*  laid 
tkiiin  tb't  It  do»  so,  Kiihoui  qiulificaiiun,  in  wial«  popular  text  boulu:  Inu  we 
Buy  ■>  H-cil  use  the  carted  tbcoretical  quaniitirs,  u  Riven  in  Ptol.  Cbaa.  A. 
Smiih'i  "  Si«aai  U*tD|[.  or  Sie^m  ECoK'ae  PfMiKe."  b]r  nhoia  ibejr  wcie  caiv- 
la.\\<f  d^leiRiiood  liam  a  larse  ili^Kratn.  A^CnciliBB  to  lliese  flltuics.  U  vetMi 
conceive  o(  a  noB-Coildixiini:  cylinder  ore  u&tain  (Ik  foliunmt;  Anu'e^  itilfreri- 
alrd  (font  Table  tig.  TIk  boiler  prestuie atsumed  ii  tK>  Ibi  pvr  sqikiie  ioch 
abore  the  uimutpttrce,  bat  Ibe  [e«ulik  jte  Out  Utile  aflecied  by  tM  mitul  boU^ 
preamc,  as  will  bcevHieni  from  Table  ijo: 

Sn<  II  kleam  b«  cut  oH  at 

rullBlrnke.     |  I  i  I  1  i 

The  ibcoictkii]  gain  by  expaotloa  (Table  149)  if  a« 

t.owi         ItS}         l-iS'l        1.666        i.9>i        3.i;S       3.SS4 
Wberra*  \ij  Matiotte's  law  it  is  sonvcwbat  lesi.  vji. : 

t.ooo        1.161         1.41$         t.(>i6         i.Sj;        3'i}<>       3  S)t 
Tke  ibeorc(lca)  pounds  of  iteam  reqnire'l.  per  hone-power  per  bout,  aic 

31.}  ij.S  It. 4  >i-S  *(>..i  15.4  *)■<> 

And  ihe  mean  elFective  prruure  in  pound*  prr  tqiiaic  inch,  allowing  a  certate 
ninimtm  ol  t  (I  3)  fb  per  cqaarc  Inch  for  unai-oidible  bock  pressofe,  tliouM  be 

119.  115.  107.  q6.  91.  (10.7  3*.l 

In  a  roodendits  eoiftite  the  mean  cffeciiTe  perMure  AodU  be  *ciine  11  Tb«. 
more  ihaii  ihin  in  each  ruse,  repicienlini;  the  gain  by  ihe  additional  compUcalin^ 
ut  lh>  runileniTnit  appaflus. 

an.  The  Incomntive  enelne  \%  rnit.  M  an  averaee.  culiine  ■*"  •'  half-wrofce- 
It  is  tarelf  posfibte  locuioll  ai  I««k  than  q nan rr  Mrokel6  inches,  wtth  a  xt-iacb 
<yllni]eT|  or  at  mar*  ihan  «ev«n>ei|^ilis  stroke  The maximutn  Hain,  therefore, 
which  il  aiichiin  (beoev  10  result  from  exaantion  ii  only  lome  (17  pfrrenL  aiiA 
If  we  bad  an  enifrne  so  petfeft  that  iKouH  ut<1<ie  wilhoiiii  Iom  of  keit  the  entire- 
cipaaatee ene rRv  «*  ibe  "team.  «>  aa  to  dincharE'  il  inio  the  air  at  aimmphetle 
piraiirr.  II  nil)  be  seen  tTiWe  141JI  tbat  the  aimoii  possible  economr  woeld  he- 
about  (our  lintei  thai  o(  as'nt,  t-xtxm  >i  (all  itrokc;  10  ihat  atbeiionrv  uimrS*- 
X4  ■^  318  brat-unlti  iHil  «I  lij(>  or  JS  J  per  cent,  could  be  U I  Hired  Tliemmosr 
■bat  U  aciually  renlired  in  tite  I'cry  finrit  marine  cfi|;inea  burniri;  1.;  m  1  5 
Iba.  o(  «aa1  per  honw  power  per  hour  It  some  16  or  18  per  cent  o(  the  heal  pot 
into  the  •lean,  wbicb  ■»  perlup«  three  (ounfas  vA  that  which  caiae*  out  of  IhK 
coaL 


076>  Such  f  nginri  >»  wc  have  been  discussing,  wliicli  ixxild  Kirc  ■  (Jiicr*n 
■imiUr  (o  Figs.  I3j.  ii;.  nre  ptAciicalty  out  of  ihc  queslion.     It  i*  Jmpoiilblc 
lo  ailmiL  B  full  piest^uie  ol  iicam  invHiiily,  Hn<l  it   it  im|M»>tt>Ie  lo  reuin  Ihe 
sttam  iiliui  iiji  wiihin  die  cylinder  uiiiil  the  very  end  of  the  stroke  or  leave  the 
oppocite  end  entirely  utlihout  tciitiing  prcasute  to  absorb  the  momentum  o(  the 
•pproachlng  pition,  or  the  cngiiie  would  tpe«tily  pound  itself  lo  pieces, 
valve  ■»  Ihctetorc  K'veii  a  LKAD  to  that  <he  tieam  is  Admitted  in  front  of  ilie  j 
Ion  and  releused  from  behind  it  a  little  before  the  end  of  the  stroke,  and 
cnmbined  cUcci  of  Ihe  le«d  and  the  lap  (the  meaning  of  which  it  cxptnined 
uiiy  lrtili«eun  the  Me<n>-cngine)  reiults  in  s>*'"i[  1°  'he  thcorrttrjil  ilimgrai 
of  a  high  prrtsuic  Mertm.cnj;ine.  a»iiciually  worked  in  practice,  the  fnna  iho 
in  Figs,  lib  to  ij8,  in  which  the  prcNsuic  doe*  not  remain  lull  during   admin- 
iJoii.  the  expuiitiua  curve  it  not  by  any  mannii  true,  the  lowci  or  cxhuuai  lin« 
is  not  by  any  meant  iit  N  tcru  pressure,  and  Ihc  lower  left-hand  corner  i%  not 
by  any  means  n  sharp  angle,  as  in  Figs.  114.  iij.  but  much  rounded  by  com- 
pcrMion  at  the  end  of  the  Mroke.     Not  all  of  this  contptCMion  b  ioit,  it   t* 
ttuB.  since  it  »uvcs  some  ol  the  work  done  in  fivinff  moiiun  to  the   recipro* 
caiing  paru ;  but  how  much  the  theoretical  loss  amounts  to  It  is  neediest  lo  (n< 
quire,  for  ne  may  now  summiritc  the  various  other  and  far  more  importaat 
liuuices  of  lOH.  and  sec  by  the  recoidn   of  experience  what  thcit  aggiegale 
amounts  to^ 

979.  The  chief  Aourccs  of  loss  of  cylinder  efficiency  In  the  locomotiii 
engine  ate  (Iiom:  numbered  1  10  8  below  : 

I,   The  UMm  it  tuirt-ilrawii,  sn  that  its  pressure  in  the  cylinder 
never  equal  to  chat  of  the  boiler,  and  ofn-n  10  and  even  to  lbs,  below  it. 

I.   The  ftfam-forlt  arr  not  largt  fnoagk  !.•  admit  ittam  as  fast  as  Iht 
^'stM  BKwr*.  especially  if  it  be  moving  la.11,    liuth  i>(  IhcK  nourccs  of 
loss  arc,  owing  to  ilie  peculiarities  of  the  I  in  ){•  mot  ion.  more  .serious  tit 
high  speed  and  wiili  early  cut-olls,  &Dd  the  Isst  one  tixfdly  occun  at  1 
under  otlicr  circumstances. 

These  iwn  causc!)  it^ther  hiiv«  SO  Imponant  an  elTect  on  the  ineth 
■power  of  engines  that  they  are  separately  discussed  below  (par.  587). 
Their  effect  it  illustrated  practically  In  nearly  all  the  iRdtcatOf-di^rain^H 
which  follow.  ^H 

5B0.  J.  All  tnfraitttd  tvaftr  in  tk*  sUam  has  lo  hf  ri'ap^altd :  a  loss, 
however,  more  properly  chargeable  to  defects  of  the  boiler  than  to  the 
cylinder.  M.  MaiiO  found  in  his  carefully  conducted  experiments  that 
something  over  to  per  cent  of  the  apparent  evaporations  was  rcnlly  only 
vapor  carried  along  mechanically  u-ith  the  steam  at  the  same  sensible 
temperature,  350".  but  uncvaporaied.  Other  tests  show  3  and  S  per 
eeni,  and  some  none,  but  it  is  probably  rarely  lew  than  ;  per  cent     This 


it. 
Iht 

■■  of 
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IMMM  iliat  with  the  half-p'tund  or  more  of  sieum  which  enicrs  the 
cyllrulrr  at  ciich  stroke,  (rom  half  311  ounce  to  an  otince  of  hoc  water  is 
Injected  with  it.  The  loss  involved  is  not  simply  the  300"  of  heat  which 
huvc  been  given  to  ttK  v-stcr.  bui  as  soon  ns  the  pressure  and  tempera- 
ture (itti  during  cxpnnsion  and  cxhausi  tliis  iiot  naicr  Raphes  into  steam. 
a)iM)rbing  ilic  iierc<sar)-  licat  \iit  ihai  purpose  from  the  hotter  n-.ills  of 
the  cylinders,  and  h.iving  all  the  prac-iic;il  elTcct  upon  thi?  tempe^iturc  of 
the  walls  of  the  cylinder  of  a  spray  of  cold  vaier  at  every  .stroke. 

Ul<  4.  A  e«H$lanl  rai/ialiffn  9/  ktatfrem  Ibt  uitlaUic  <yiiadtr  (only  a 
f lart  of  which  it  la|o;ed)  and  ita  connected  parts  into  lite  nurroundinf[  air. 
<  that  a  certain  small  fraction  of  the  steam  must  be  condensed  at  each 
troke  to  supply  this  loss. 

PcrhKp*  Figs.  IMi  10  l)o  areasKiiod  direct  evid«tico  tksanyuf  Ihe  very  great 
1o»  which  reiutts  from  ihit  cause.  It  will  be  seen  from  them  that  ihe  mere 
'Ski  of  teavlns  ofl  (be  cover  (com  one  end  of  Itie  cylinder  wu  to  malic  a  very 
iitiliccat)l«  reduclioa  ia  llie  eflMtive  avcr.*Re  picMure.  It  is  to  be  icmenibered 
in  comparina;  tbne  iwo  diacranii  Ihai  ilils  ''cover."  the  remuva]  ol  which 
otused  so  f  real  a  dlflncnc*.  iti  iiolliiiijc  but  a  thin  plate  of  metal.  !i<  direct  metallic 
contactwiita  the  cylinder  at  many  paints,  and  including  only  a  ibtn  space  of  dead 
ur  beiween  them.  We  are  nol.  therefore,  comparing  a  well -protected  with  a 
liaJlF' protected  cyiiiider.  but  a  Ixi^tly-prntecied  with  a  worse- protected  one. 

It  is  not  probable  that  the  absolute  loss  of  heal,  meaauri-d  merely  by  hcat- 
mits.  Is  anything  like  as  great  from  the  cylinders  and  connected  parts  a*  front 
ihc  bailer;  but  each  unit  «f  brnt  Miblcactci]  (rnm  Ihe  boiler  can  be  replaced  by 
another  wiiboui  any  iadiieci  loss,  whereas  after  the  steam  has  once  entered  ihe 
tiQebesiaodcyUnder  the  lots  of  .ifew  units  of  heal,  by  reducing  Ihc  pressure, 
•ans  the  loss  o(  much  of  the  elUtiency  nf  nbut  heal  is  left. 
M3.  S-  Still  more  imixtitant  than  direct  external  nidiation  is  llie  phe< 
vomtnotiVaawn !Xi iHttrnat radialion inlo  Iht exkaiat tUam.  Thesleam 
enters  at  120  to  140  lbs.  pressure,  corresponding  to  350'  to  360*  Fahr. 
It  leaves  the  cylinder  at  4  to  7  lbs.  pressure  and  uj'  to  130'  Fahr.  In 
enieiin^  it  heats  the  interior  walls  of  the  cylinder,  which  it  finds  at  per- 
liaps  150*  Fahr.,  to  nearly  its  own  temperature,  and  some  steam  is  con- 
^Jensed  thereby,  rcrfucing  by  so  mucli  the  pressure  and  tiie  work  done. 
When  the  exhaust  opens  and  the  temperature  of  the  steam  falls  these 
hot  walls  radiate  their  heat  back  again  into  the  steam,  wasiint;  It  by  re- 
«vaporaling  the  vapor  carried  out  in  i!ic  eihausi.  Thus  a  certain  Urge 
fraction  of  the  heat  pasits  Ikrougk  the  cylinder,  hy  a  kind  of  side-path. 
Without  really  taking  any  pan  in  the  work  done  it  the  cylinder,  aa  a 
leaky  flume  might  let  a  portion  of  the  water  past  a  water-wheel  without 
iis  doing  any  work  on  tL 
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963>  The  lo»«  Trnm  ihi*  totiKv  may  >riouai,  it  iaillegid  by  D.  K.  Cf«iG 
«,  RHj-where  ffom  ti  lo  43  percent.  Ihe  Ulicronly  wiih  T«fy  shori rul-oit> 
its  amount  iBCteosM  (i)  wlih  the  range  ot  temperature  anil  <i|  with  ihe  iinic  ol 
eiipiiBUtc.  it  U  leas  xt  hi|{li  »pced*  or  with  Ulc  «u|.ol!fc.     5I(,  CUik  Hdit*. 

"Theie  tcsull*  ttilBdently  explain  how  it  happrns  that  expanilv«  Korfclng 
ID  locvmcxive*,  espccialli'  lii  outside  tylimler  cncmcT.  is  in  piactioc  <atncd  o*H^h 
to  (iUch  a  ImiiEccl  rxienl.     We  have  nicly  f(iun<J  liSS"]  on  the  Calcduoian  R«I^H 
wuy— a  line  slocked  with  (iu(Mde<cytinUcr  l<ici>in<il>vet> — \ttiA  a  cut-off  ttUteriaJI^H 
Irid  than  ;)u  pet  cent  i«  voluniar'  ;  iido|ii(d  by  the  e nEiiie  iltivcra.     In  their  own 
■oirdit.  ihey  'lose  as  much  M     ..cy  Kain'  >i  Ihey  endeavor  to  u-otk  with  a  sup 
picuion  much  leu  tban  ju  |>e    tent 


w!1™ 


Tbi*  still  (i8S6|  remains  as  true  lot  AmericAii  t>ra<Micc  aa  when  Mr.  CUtI 
first  wrote  It.  eaccpi  iliat  for  30  per  cent  wc  should  read  37^  or  perhaps  40 
cent.     Ettit  Little  Kal"  result*  In  practice  from  cutting  nfl  shorter,  if  any;  aoi 
accordingly  Ihe  all  but  universal  rule,  where  pafls  nl  Ihe  mad  ar«  ttrtick  which 
require  only  a  light  power,  ii  10  Uiruttle  the  iirnm,  and  reduce  its  initial  prei 
sure  even  so  much  as  one  hall  rather  ihan  altempt  to  cutoff  earlier.     Whi 
Ihi*  practice  i*  often  puhhed  (uo  fur,  it  i»  brilci  lh.in  ■litinpline  lo  cm  ofl  al 
less  Ihau  ihicc-ciichtlii  sirnkc  <ic  more,  except  al  rcty  hisl)  npee'it, 

9M.  Prof.  Charles  A.  Smith,  who  itudied  this  question  with  creat  r^re  at 
respect*  utalionary  cngin»  lays  down  the  approximate  rule,  as  the  averafr  re- 
sult of  some  4q  tests.  ih*l  Ihe  avtraue  loss  may  hr  esiimaied  al  j,6  lbt>.  of  es- 
ccss  vater  (i.e.,  siedm) /^r  iaur.  per  foot  of  piiion  diameter  pet  deg.  Fahr. 
difference  of  iniiial  »[id  Anal  temprraiure.  This  U  on  the  .'usumpiion  that  time 
U  so  important  an  element  in  ihe  amount  of  thi*  loMIhaC  the  number  of  stroke* 
per  hour  Is  unimporuni,  Khich  is  fat  from  literally  itue.  At  this  rate,  asstuning 
an  sverHKe  range  of  lemperatute  of  too'  Fahr.  in  the  cylinder,  there  would 
some  500  lb*,  of  aieam  per  hr>ur  condenieil  internally  in  a  )7-in.  cylinder.  4i 
•ome  600  lbs.  in  a  3o.in,  cylinder. 

969.  6.    Thr  b,tek  prttsurt.  amounting  if>  anywhere  from  4  to  7. 
even  (ii*  '>'<'  practice »  10  or  13  lbs.  per  sq.  in.,  or  to  from  1  to  30  per  cent 
o(  the  loial  power  developed.     It  is  cautcil  chiefly  (unlil  compieMion 
begins  at  the  end  of  the  stroke}  bylheconcnuTtinnof  the  exhausi-nozzlc6 
to  produce:  the  drnft  which  ker^pK  up  the  fire«.  but  in  part  by  the  impos«i 
bility  of  the  steam  csotpint;  quickly  enough  without  n  considerable  pre: 
■lire  to  drive  it  oitt. 

7.  Tht  eltarixtut  ipaeft,  already  altutled  to.  wiutte  a  cnnsiderahtc 
amount  ol  »teum.  from  7  to  9  per  cent  when  cutting  o9  at  full  stroke, 
but  lesa  when  cuttioj;  ofT  short,  since  tbe  steum  in  the  clearance  sptices 
expands  with  the  rest  and  docs  a  certain  amount  o(  work  in  that  wajr. 


ing 
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M6.  8.    TAf  eKtrgy  (ommHiUaletl  li>  tht  pistm  anti  <4>nnteUd  partm 
duiing  ihc  fifsi  IiaH  of  itie  stroke,  in  order  lo  give  It  a  vilocity  oi  lie 

A  to  i  \Jljlln     {  1     "      1  "'  '''*  tr-jin,  and  then  surrendered  i^in  duriNu 

Che  Uat  p^in  of  the  titoke.  is  in  greai  part  lo»t.  so  tai  u  u>«(ut  wnrfc  is 
conc«rncd.  ll  is  expended  on  thit  ponioii  o(  the  extuust  wlitch  u  st 
up  in  tlie  cylinder  t>y  tbe  |>rccto«urc  of  the  valve  and  jvuctiailly 
VtfTtnl  into  heni.  by  raising  tlic  stc-am  so  shut  up  from  a  pressure  of  per- 
liapn'^lbs.  and  icmpciuiurc  of  jij'  to  perhaps  i2o]bs.  iind  jjo*. 

967.  The  ajQir^aic  ctleci  o\  tlicsc  ditlcremcs  is  to  very  greatly  dc- 
crea*e  the  tractive  force  which  ii  is  nirchanicully  pos«ible  (or  the 
locMiKXive  tu  exert  a\  Die  higher  workiiiK  speeds,  but  not  therefore  ilw 
■>•  ikSB-PowBR  which  thccngine  is  capnbleof  exening.  nnr  I  within  rcason- 
■t»1e  limits)  the  economy  with  which  that  power  is  obtained.  Tliis  is 
tsprclally  true  of  the  first  two  caunen  (par.  579).  which  inc  nmy  now 
'ttScr,  ill  conne«:<ion  with  diiigrjms  which  will  Ehow  idotc  clearly  the 

limhs  o(  lite  ellocl. 

988.  Under  the  moU  (avoiable  drcniDilnncrs,  niih  lli«  ibrolllc  itiilcopem 
'd  tp<«d  flow.  Ike  pretnifc  In  ifac  itPAni'Chcst  hardly  ev«r  ri«c*  wlibin  j  tb*. 
**'  Ihr  boiler  prMstir*.  nnJ  this  is  slill  further  reduced  »hen  the  sleiun  (M««s 
^"^v  cyt'i>def>.  so  thai  ihe  initial  prebtuit,  with  Mil  ihc  aMi^lHiico  'it  toni|,ie]si<M^ 
*^  lucly  Ktihin  10  lb*.  <>(  llw  boiler  pic»uic.  When  (he  throule  ii  only  partially 
**tTtni  (Fifis.  ti;,  ll9)  or  the  ipeed  is  veiy  high.  01  «peci*Hy  Willi  both  I'iKelkcr. 
*^  r.re  b  •  ttlll  funhcr  and  greiit  loss  of  pieskurr,  often  (n«re  ihaii  one  half.* 
tirottltng  is  aliii  ■  very  covnntoa  retort  in  preference  10  mine  nn  earlier  ru<« 


IHm: 
attl, 


^^«  Itie  eBgine  nini  more  unuolhly  and.  pntelical  cxpcriente  *how*,  wilh  bat 
_  »«iie  more  waiie  of  »team. 

989.  In  all  •uch  rednciions  of  initial  prcMure  at  iltose  nliuded  to  there  Is  « 
:«nain  ibeoietical  Ion.   bvt  onlr  a  small   one.     It  it  ereaily  exagReiaied  in 
t'l'pnlar  belbef  (a*  well  as  in  certain  texl.boc>li«  of  excellent  tiandinK)  1)7 
'  (itioi;  a  Iota  ol  mere /rrj/ufr,  of  ponndi  o(  traction,  wiih  a  lost  of  energy. 
l^fKlire  lorre  in  pounds  i*  undouliiedly  reduced  In  rither  fnoic  than  constaaM 
*^«iio  mifa  the  teduelion  of  initial  pirMuro:  tint  tlien.  it  ihi»  iiccurt  only  wbra  a 
Largrr  iraciive  force  is  noi  rc<|uired  or  cannot  br:  sustained  by  (he  boiler,  ihb  i> 
in  mtelf  of  «>  iaipofiaar*,  and  a*  respects  the  aniouni  of  woax  which  tan  he- 
doBe  with  the  nine  qnantiit  of  sieam.  it  is  but  very  liitlr  allccinJ  by  the  trrfsr- 
Um  of  pmanre.  cliber  theoretically  or  praciicaUjr.    Theoretically,  the  amovat 

*  Ob  annH  duziasi*  labn  uo  an  eipmn  puiencer  enj^ne  on  the  ChiUdtlpbta  A 
fctkUnc  Kallroad.  taken  at  6j  niiVs  pre  hour,  it  wat  round  \hxx  the  iietict  elttclHc 
Fawie  was  artuaOr  kis  *hen  cnitlni;  of)  at  to  in.  than  irbtn  culling  off  M  j  ta^ 
aUoocb  Uw  aauMiBI  o(  Mcam  Uwd  was  taj  greaiet. 
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of  luam  mjuired  per  borae-powcr  per  hour  for  preaturct  varjriog  by  so  lb*,  ptr 
WIBUC  ladi  Is— 

PrcMure  above  a[tnosph«ra,  ...  ao  40  fiQ  Bo  100  190  140 
Lbi.  Meam  per  H.  P.  per  hour. .  ,  33,7  31.9  ,yt.\  33.1  31.7  31.3  30  9 
L04S  p.  c.  by  dtfl,  of  ao  Ibt ,  .     .    .         3,43    1.33    i,3j    1.96    t.3&    i.)o 

A  diSereixe  which  in  no  ca»e  is  worth  much  dismsiion.  unkM  wilhtml  ton- 
irAVenlng  advantage.  PraclKally  i(  hai  been  Khowo  in  many  expcritncnu  o^ 
Ulc  ]r<*r«,  •nd  eitperlnlly  Id  a  icaiBrkable  icrlcn  of  cxpetlmentii  liy  Mr  Del*- 
ford.  CD^necr'in -chief  of  [he  mines  al  Creuaoi,  Franca.*  that  "  ihc  difference  in 
economy  between  iieam  of  ito  Ibji.  and  «ieain  of  64  Ibi.  i*  very  snuU,  and  nhcn 
w«  cake  Ihe  Rvnerailon  of  xtcatn  Inio  consideration,  aj  well  ax  Its  u»c.  the  Io*rr 
prcsiuTt  ii  the  more  ecanomieal. " 

Similarly,  Mr.  D  K.  Clark. 1  who  it  <eriainly  one  of  the  n>os(  careful  itudent* 
of  the  iheoiy  and  pranire  of  the  locomotive,  concludes  thai  "  a*  ihe  loi^s  from 
wire-drawing  is  of  little  or  no  miiRienc.  and  a«  wire-drawinK  was.  to  snme  de 
grcc.  equivalent  to  an  earlier  cui-off,  it  might  even  prove  advantageous  in  poiM 
of  tconotny." 

590.  tJut  wirti-dravring  docs  very  seriously  reduce  ihe  trnciive  po' 
of  engines.  When  it  occur*  only  «.-hcn  the  speed  rise*  considei 
above  ordinary  working  speeiU,  s.-iy  iS  milwi  per  hour  in  frciRhi  engines 
or  JO  rniles  per  hour  in  p;iiD;eii|^r  engiDc^  this  is  no  (i^eat  dtxad vantage 
because  such  spcc<l»  arc  only  dc»ired  when  the  grades  are  favorable  or 
tfAin  light,  iind  much  tractive  power  is  not  required :  but  when  it  occurs 
to  any  material  extent  with  late  cut-ofla  at  ordinary  working  spe«d>i  ul  13 
to  IS  miles  per  hour,  it  is  more  object! oaable. 

991.  Unfortunately,  experiment  seems  to  Indicate  quite  uniformly 
that  it  is  rather  the  rule  than  the  exception  (or  freight  engines  to  show  a 
considerable  reduction  in  cylinder  efficiency  even  al  their  lower  working 
speeds,  so  that  speeds  as  low  as  it  is  safe  to  use  without  d;ingef  o(  tbe 
train  being  brought  10  a  stop  by  slight  additional  resistance  from  curvo^ 
grades,  head  winds,  or  bad  track,  do  cause  a  very  material  decrease  tA 
available;  average  cylinder  presstir« :  and  hence  the  engine  cannot  possibly 
utilixe  its  available  ultimate  tractive  power— i.e..  very  nearly  slip  JU 
wheels — at  any  practicrable  workitig  speed,  however  low.  although  ilic 
difference  is  small  compared  with  the  ellect  o(  Inrtlier  increase  of  s|i«cd. 

&92>  That  II  it  so  19  shown,  perhaps,  at  conclusively  an  in  any  iiher  way,  in 
lh«  following  diagramt  (Figs.  1J4  to  139}  of  tbe  engine  whose  perfoimanee  Is 


le  ae- 
po.n^ 


•  Amnaiti  ImdutlHrl.  Peb..  tSSj. 

t  "  Uanual  tot  Uecbanical  Eagioetn,"  p.  Sjg^ 
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ncafiJe4  in  Table  14G  and  Fig.  133  <par.  ;7I).     Thr  sari«  Itiinjc  appcari  in  Ibo 
Oiaxnmit  Kcom^itnvlng  Mt.  Sifdudlejr't  paptrfpat.  570  and  Fig,  tit),  where, 

%'ith  a  tut-od  oE 1  k 

i  a  xpeed  In  <nil««  per  hour  of II  m.         30  m. 

t\n^  itMm-tAtil  ptetiuie  ol 140  11m.      130  I ba. 

Tbt  aven|[c  prcbMire  ira* 74. S  1b(.    $7.3  lbs. 

Tkc  honepoocr  beins ...    i&i  S03 

Al  ti  mllei  per  hour,  nlth  60  per  c«nt  cuioff  and  ii'  tb<.  ittapt-thiil  ptt%- 
9Dte  (bolter  preMute  lull  5  Iba.  siorc),  the  uvemgc  cylinder  prctsure  wiu  q).4 
lbs.,  wbemi  at  4  miles  per  hour  Hri  avcraee  of  Mboul  %i  per  cent  ut  Ihe  boiler 
preuure  w»t  obuined  ia  (he  cj^linder— about  the  best  which  i«  ever  pouible. 

993.  That  this  should  occur  al  bigh  speeds  i«  practically  unuvo<dabte, 
but  (>i4t  it  stiould  occur  At  slow  speeds  o(  legs  than  1  j  rtiilcs  per  hour  is 
in  III)  mii«!(  a  mechanical  necessity,  nor  docs  it  require  any  radical 
TntidihcaKun  uf  existing  cn(;incs  to  cure  it.  whenever  it  apiiTRfs  riesirablc, 
b»ji  merely  some  slight  modification  of  the  valves,  Some  engine.*  do  not 
abow  it.  but  more  do.  The  chief  rcuon  why  it  n  not  done  is  th.it  no 
fnrticuliirly  useful  end  would  be  served  thereby,  since  the  imperfections 
■"•f  the  gradients  and  of  the  locomotive  serve  to  justify  caclvoibcr,  by  de- 
Mroying  to  a  very  larj;e  extent  the  advantaftc  of  remcdyinu  one  without 
fXhc  oiher.  It  ii  important  tlut  the  true  n:itureo(  thcdilficulty  should  be 
^rJearlv  understood. 

S94.  The  Uixest  tractive  pulls,  by  far.  on  nearly  all  railways,  arc  CX- 
-rtcd  in  KctttHK  trains  under  way  from  sioppiii);>[>Iacet  on  nnfavorabtft 
^mdes  nr  curve*.  There  arc  few  roads  indeed,  and  lho*c  only  having 
■x-ery  heavy  trades,  on  which  the  tr«lion  bciwccn  STationi  i»  the  heaviest. 
So  ioni;  a.>i  ihift  ia  so.  the  need  U  not  felt  that  an  cnj-ine  should  be  able  to 
<xeit  somciliing  like  its  maximum  pull  between  stations  ut  fair  working 
speeda.  ami  as  a  ver>'  natural  consequence  their  valves  are  not  arranged 
to  that  tbcy  can  do  so. 

Now.  as  a  rule,  a  large  part  of  the  additional  tractive  force  demanded 
at  sialioos  may  be  saved  by  more  careful  «iudy  of  the  erades  ai  -itationi: : 
hut  if  Uiis  be  done,  am)  it  be  attempted  to  iacreascihe  trains  correspond* 
infiljf,  the  onlyefieci  with  very  manyeneines  will  he  that  they  will  either 
■•Kickonihcirfade8"or  low  *o much  time  that  to  utili7e  the  improvement 
»t«ation»will  beimprariicahle.  Forihc  same  reason,  if  it  be  endeavored 
to  find  out  where  the  engine*  are  really  most  taxed  it  will  often  be  diffi. 
cult  to  do  *o.  They  «lip  their  wheels  most  at  stations,  but  "they  have 
•Itthey  can  do"  to  make  time  on  the  grades:  50  that  from  the  bare  face 
d  the  statements  there  will  be  tittle  to  show  where  the  weakest  point  is. 
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Fi£3.  136  to  IJ3  were  taken  ia  some  lests  on  the  Cincinnati*  New  Orleans  &  TejLU 
Pafific  (Cincianati  Southern)  R^lway,  from  a  line  Baldwin  passen^r  cn^^ineof  tbe  folUiw- 
in^  ditneDsioQS : 


C^Nndcrt t8  v  94  in. 

DrtvcTS    '- 6S  in, 

Weiehi  ^**"  driifcf* 60,000  Iba, 

Tnciive  f  jtcc  per  pound  of  av. 
press.  incflini.1«r  iTaULe  !}■)... 
■  -    .  3  Alkn-RjLhjrdson: 


9r,iji»  lbs, 
114^4  lbs. 


*  Up,  H  i 


|p:id,  ^  in. 


Ports,  - 


Tbe  train  hauled  consisted  of  S  cars,  «e^);hiD^  4^0,000  \\r^ 


\  Bieam  . . ,  - - , ,  - 16  h  1 1  in, 

Icx^iausl iA  V  ?t  fn. 

ExhJ'Uifi  nozilr  .........,,.,,.., ..  -j  in_ 

t  tubes i,335Mi    (E. 

K«aiLiif^  *  lirc'boi..........,,,.,.  i^j  ^    ft. 

surface,  ^  

\      Total i.4a8^.  h. 

Grille  are*  ,,        .........    . ..    ..„  17  ^,  ft. 


Fig.  I3Q. 

Fill.  i.io. 

Fn"i-  1J9- 

Fii. 

■  lo. 



Boiler  pressure 

14;  lbs. 
Sin. 

37.2  lbs. 

5S3 

31  lbs. 

145  lbs. 
S  in. 

140  !bs. 
h  in. 

135  lbs. 
4  in, 

i 
55.9  m. 
sS.olbs. 

477 
3b  lbs. 

*                           * 

45.0  m.              1LJ.6  m. 

Av.  cylinder  pressure. . 
Indicated  horse-power.. 
Loss  initial  pressure... . 

44.3  lbs. 

fjuS 

33  lbs. 

32.5  lbs. 

=4' 
34  lbs. 

Figs.  13^  110  show  I  lie  same  effect  o(  speed  as  I-ic,  i;6-ia8very  forcibly,  both  by 
Oampari^on  of  the  full  and  dotted  diaj^ams  and  Istill  mor?  forcibK)  by  comparinf^  the 
solid  diagrams  in  Figs.  laS  and  lag,  which  may  he  Mid  t'^  be  taken  under  preci-^^ly 
fiiniUr  drcumstances  glancing  diflereace  in  throttle  ucainst  dilTerence  in  boiler  pressure) 

eunK  that 

FiK,  iiB.        F-(t.  ■*)- 

Speed  was xnr  5.14 

Reducing  avi-rac  pressure  (ri>ri 61.8    to       37.  J 

Yet  ihat  ihi*  d<>o  no  real  har..i  to  hauling  capacity  i5 
evident  from  the  fact  that  the  horhP-po«cT  at  which 
the  engine  was  u-orkinf;  incresMd  from jjg       to     58,1 

Comparing  the  solid  Fig,  131  with  tbe  soliil  l-'ig.  lay  we  see  Ihal  the  combined 
effect  of  5  lbs.  higher  boiler  pressure.  4  ins.  lon[;er  ciit-€»ff,  and  a  throitle  >i  instead  of 
M  open,  gave  only  1  slightly  higher  average  pressure  (6.S  lbs.),  indicating  thai  the  slight 
difference  of  o.S  mile  per  hour  in  speed  very  largely  counterbalanced  all  these  advantages. 
Fig.  ija,  eootiasted  with  the  dolled  lig.  iH).  illustiates  a  truth  nhich  mi[;ht  be  proved 
in  maDf  other  ways,  that  after  the  speed  gels  fairly  high  it  doe  little  or  no  good  to 
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•dmll  morr  suam  (a  ihe  cyllodtn.     Tb«  crtalcr  arme*  pnwure  «bick  thouU  ba 
C^intd  ii  uttd  up  in  tu£k  pii^uK  iDd  witdliiwlne-     Sec  Alio  Ftj^  i.V^iJj. 


Fic.  iji. 


Pre,  I .1. 


Pic.  ij.. 

Fir.  \». 

_     _ 



■45  lbs. 
14  in. 

» 

36.3  iti. 
S3.3lb». 

a^ibt. 

I4>  Itw. 

14  in. 
t 
14.31". 
Si. 3  lbs. 

603 
aolbt. 

141  Ibf. 
11  It). 

46.  Q  in. 
37.91b*. 

S-t3 

SO  lb*. 

Av.  cylinder  pKsnire. 
Iti(lic«ied  horse- power 
Lo»  iniliul  prcs«ut«.. 

nor  to  indicate  that  the  one  arisea  from  excessive  di-niaiuJ  on  itie 
tractive  power,  which  is  rcmrdinbic  only  by  changing!  the  gndes;  whil« 

r.  — — .    — ■ 1)49  thcoihcr  iscnii«ed  by  delictencyof  cylin- 

■  dcr  power  only,  which  is  rcmrijiitble  for 

*                                            j  the  most  pnrt  by  triviiU  change*  in  the 

r\.,__^                    ^...^^  valvcu. 

|\        ^N.              ^          I  899.  Hy  the  u*e  of   sniallcr   drivers, 

j  \                X^j/               Tx  biitli  tlir  cylindi-T  and  bmler  power  arc  in 

!  \      ^^..-'^v,,,^^       /.  clloa  Increased  proportionately. solara* 

l^,>^^             ^"^?'^!  tractive  power  in  pounds  is  concerned. 

f         ^""^-^i        »^— — ^  ai  the  expense  of  speed  :  so  we  may  coo- 

Pic  iji.  etude,  as  wc  began  <p>ir.  48ii,  b)'  saylDC 

Doiurprwut* itlibL  that  within  chc  limits  of  iiccc<sar)' freii-tit 

Cut-olT.     ...,,,..        10 in.  .  r        .,  . 

Thruiiic Diwa, *        speeds    any  tractive    power  1^    kasible 

At'tTitrrwi,'  '.'.'.'..    tv.tita.  "I'''^''  the  adhesion  between  the  drivef^^ 

Gmji     '  '  ' Swi     and  rails  is'"apaWe  of  trammiiting.    ^^| 

LoM  init.  prn*.',  '.'.'.'.',      « iiH.  pas.4enger  tpcetls  It  if  i]uiie  otheTwJK.    ^* 

S96.  P.Kvrnt:*'  enfinen.  ninninn;  al  ipcpd.  almotl  nrrcr  need  10  have  their 
nltimaie  tractive  power  in  pounds  available,  and  acoatdinBly  we  find  thai  1 
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oll«n  fall  in  practice  rery  tw  Mow  r(;  nor  can  ihi»  be  contidetcd  m  evil.  As 
a  imall  rciluction  of  «pe«d  means  a  conwderatile  incicase  of  traciive  povct,  we 
«ec  aooilicr  reaion  boldc  the  great  aid  gircn  bf  momentum  (pat.  ^7)  wbf  ibe 
practical  limit  10  the  powet  <tl  pH^senser  ca|t'<*'^  ■*  ^^  '■■''*  ■flecicd  bj  Ih* 
fradcs.  wiihin  aioderaie  limiis.  piui'ided  the  avetage  lpc«(t  i*  not  brau(hl  too 
low  br  the  neceMaiy  reduction  M  a  lew  points. 

997.  TaUct  \%\  and  iji  and  FIgi.  140  10  14^  not  unfairly  represent  the 
■Venice  coadiiiona  i>l  Ainetion  freight  pcaclice.  The  full-line  diaitrain  in  Fi^. 
Ijo  (hoir*  abnut  the  bi^beM  arernKe  iiie^tiuic  which  Is  ever  pmctically  rcaliie*} 
€st*fl  in  tUrting.  aad  comes  vtty  neat  10  the  latter  in  tbe  fotm  of  the  diapan. 


Table  isi. 

CvLUfDU  TxAcnvs  Powkk  at  Various  EMCimtis  ran  ak  AvKajun 
ErrxcnTK  PaxsMiaK  or  too  Lrs.  Pkr  Sq<-'ah  Imck. 


FcrflMiU :   T  b 


riiani.*  djtiiMlcin  ■.  i.<roiie 


X  rneaa  cRtnivc  ptttMXC. 


Stn 

«*  Doraai. 

Sin  ar  Cn-wona. 

tiKiau. 

le  X  M       1        •»  X  .4 

ll  X   14 

■t  X   M 

•OKI* 

4» 

s« 

M 

J* 

s« 

«i 

64 

&::::::: 

li.Soo 
ia.i88 

ii.Bi; 

",378 
10.971 
10S93 
IU.Z«o 

9,910 

9.(100 
9J09 
9035 
1.779 
8.S33 

14.450 
isSja 

13.339 
13,84* 
13.3S6 
I3.3J7 
II.S60 
II.1S7 
10.838 
to.  jog 
10.300 
9,ifog 
9.«3 

16.300 

I5.SS3 

14-9M 
t4  400 
13886 
IJ40J 
13.960 
13.543 
i3,tso 
1 1.781 
il.43S 
■  t.109 
10.S00 

i9,05i> 
"7.3=8 
16.663 
T6.O44 
15.474 
14.938 

13-974 
13.538 
13-119 

13,749 
13.337 
13.033 

30,000 
19.900 
1B.46S 
17.778 
"7.143 
"6.SSa 
■6.000 
154B4 
■  S.ooo 
145*6 
■4.11S 
13.TU 
>3-S)3 

0       PM  A 


POft  A  DiFFCMirr  SntOKI:— For  a  Mnifcc  of  n  inttead  of  m  >n..  diminiib  ifat  ubu> 
ht  ttwUrclcKe  for  fivendiameiet  of  rrltader  and  driven  by  A.  m  nuliiplTbTDiiik 

For  a  36  la.  nralXk  IncrMM  the  labuUt  quulllr  by  ^ 

•■     «  "       ■■  '■         "        t 

I  ..,„..-....„  ..         ..  |_  ^ 

PoK  «  niirFKi.vT  Si?]-,  or  Dntvots.— T%*  itKtim  force  it  iBivnttir  a*  ikc diamrin 
0^  the  dmm,  vbam  it  may  atnallr  bp  determiocd  from  ibe  abow  ubk  bjr  a  limfilf  pro- 
pMUoB.  or  eompwed  direcilr.  as  ako  fc*  •  didletent  dUnwta  of  nliedrf. 

Otm  bmdmd  poaads  avaaee  proanrc  it  al  hich  <■  c*a  fa*  ammtt^  a»,  «*<«  la  ilartisK 
boa  ijBtu  140 K*.  bodrrpceMura. 


48o 


tWW/*,  Xl.—LOCOAtom'E—CYUl^DHIl  PQWMS. 


llack     "        >  a 


Lb),  pa 
»1-  >■■- 
Baikr  IV.  ij|. 

n^ck     "       « ft 


Boilei  Pi.  ^. 
Initial  -'    ItA 
Itack     ■'     *X 
Mean    "   j>.i 


All  tlimor  (tKabai«4i*cr*aikh<i<c  Ilie  unc  cut-olt,Vi    H>d  llw  full  balltr 
«ffAruvc  u  Inltill  [ircisurc  la  raiili  <lijk|rr>iBH  w  thnnltf  luvc  bail'- 


Fio,  114. 
Si*nl  19  >M. 

TlicorTtleal  nun  premir*  «).M  Its. 
Aciu^T  •'  *■         J).  4 


qf  pr«Hur« 


*J 


Fiu,  iM- 
}iMM 
^01  lb*. 

Fk..i|«. 

11.1}  IbL 

feat  there  would  not  ordtiMriljr  be  quiie  so  gr«at  •  falllnic  off  jn  inliUI  preMU 
itliiiiHtli  Fiff.  i-U  *bow«  a  Mill  greater  one:  the  main  lomln  both  ranckbeiiiKi 
aBCfllnilei  <:omleniati»n.  As  this  li  nuily  constant  ^r  k/mr.  it  bmiBiM  1 
us  lOkltcf  tinl<^«  itrAm  i*  r«pii)lf  passing  Ihrvugh  the  cylinder*.     I^ 
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Lb*,  per 

iq.  Id. 
Boiler  Pr-  14a. 
Iniliiil  "    ijj.B 
Back     '■        i.o 
Heu    "   II  1.7 


Fic.  ijg. 

Cui-oK,  0.56. 
11-54  mi]«  per  boot. 


UKper 

Bq.  ID. 
Boiler  Pr.  ija. 
InjliaL  '^    ia3.B 
Buck     '■       j.i 
MuQ    "     as.6 


Lbi.  per 
V].  ia. 
Boiler  Pr.  13s. 
Initial  "    iij, 
Bacli     "       1.9 
Mean   "    j».i 


^ics- 134  le  T3^  diatfrang  of  lA  '  ?4  Anericao  Bneine^  61-iD.  driven,  taJcen  on  the  (est  trip 
*"*  -wihKli  deuili  »t«  given  io  Table  146-7. 


**«  seen  ih«t  only  71  per  cent  o(  ihe  boiler  pressure  is  realiied  in  (he  cylinders, 

*nd  Ihal  even  then  it  Is  developing  a  fairly  high  average  horse-power.     Both 

^igs.  140  and  141  develop  Ihe  effccl  of  higher  speed  to  reduce  tractive  force 

•<ry  clearly,  and  also  show,  by  the  comparative  indicated  hor»e-powet,  that  it 

3» 
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Table  193. 

IitDicATott  Tkts  op  Mogul  E?(oisk,   iS  x  14,  Ci.scihnati,  Nkw  Oxl 
&  TuAS  I'AiiFic  Railway.  UAULtMU  Tkai»  op  ti  Loadko  ami  aj  Empty 
Cak6,  836.UOO  Uts. 


ftc 

t«> 

Boiler  pressuic 

Cul-ofl 

Tlliollle  open,. 
Speed  per  hour 
Av   cvl.   >res. . 

Ind.  11-    • 

Lots  inii.  pres. 

140  lbs. 

14  in. 

FulL 

9  4  m, 

9)  6  tbs. 

443 

11  Ibf. 

13s  lbs. 

10  in. 

Full, 

ao.om. 

6a. 4  lb*. 

593 

IjIbS, 

Frc 


1)0  IbL 
toll). 

* 
a4-3m. 
ja.oib*. 

609 
aSlba. 


140  Ibt. 

t6in. 

\ 

48. 8  lb*. 

6«a 

31  lb*. 


I 


Boiler  preasHie 

Cui-oH 

Tbroiilc  open.. 
Speed  per  hour 
Av.ctI,  ores  .. 

liiil.H,  P 

Lo%s  inii.  prM 


M* 


140  lb«. 

131  lb*. 

7  in. 

7  in. 

\ 

1 

ti.5  m. 

aT-Jtn. 

47.0  Ibi. 

37-7  lb*. 

379 
■  7  lbs. 

aoibs. 

13s  lb*. 

7  in. 

Foil, 
35  qm. 
33.7  Ib«. 

sss 

9ib«. 
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Table  153. 

IXDicATOR  Tests  of  Mogul  Engine,  19  X  24,  CiNCfNNATi,  New  Oki 
t  Texas  Pacific  Railway,  hauling  a  Heavy  Freight  Train,  38  Cam^ 
Weighing,  with  Load,  969.000  Lbs.  Avrragb  Speed  op  all  Tests.  24^4 
Miles  Per  Hour.    Average  1.  H.  P.  436. 


"^'ler  pressure 

C«t-ofl 

p»«"oiile  open,. 

Sp^ed  per  hour 

Jv.  cvi.  pres. . 

Ifd.  fj.  P 

«»»  in  it.  pres. 


no  lbs. 
I3i  in. 

I 

i3.7  m. 

55.7  lbs. 

460 

10  lbs. 


Boiler  pressure 

Cui-off 

Thioule  open.. 
Speed  per  hour 
Av,  cj\.  pres. 
Ind.  H,  P.... 
Loss  In  it.  pres 


Fig.  146. 


130  lbs. 

7  in. 

i 

30.6  m. 

32 . 1  lbs. 

432 

10  lbs. 


120  lbs. 

130  [b« 

12}  ID. 

12{  in. 

} 

i 

21 .9  m. 

30.6  in. 

43. a  lbs. 

33-9  lb»^ 

422 

45& 

33  lbs. 

14  \bs. 
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can  do  no  possible  harm,  so  far  as  Ihe  load  hauled  is  concerned.  Figi,  141 
.and  143  develop  ihe  same  (acts  still  more  forcibly.  Seven  of  the  eight  dia- 
Krams  of  Table  ijl,  it  nill  be  seen,  develop  nearly  Ihe  same  borse-poirer,  boa 
bcin^  about  [he  maximum  for  this  type  of  engine,  and  amounting  to  35  horse- 
ipoivcr  per  square  foot  of  grale  per  hour — which  is  more  than  can  be  averaged, 
but  is  often  reached  for  the  moment  (see  par.  550), 

998.  Table  153  shows  the  performance  of  a  somewhat  heavier  en- 
.-gine  hauling  a  heavier  train,  but  doing  less  work.  Very  naturally,  the 
.effect  of  speed  to  modify  the  averagecylinder  pressure  is  less  conspicuous. 
In  the  two  diagrams  given  in  Fig.  147  wc  see  the  effect  of  speed  to  re- 
■duce  the  effective  pressure  very  cleurly,  for  Fig.  146  and  others  show 
that  throttling  alone  accounts  for  bui  a  small  part  of  the  difference. 

999<  Fig.  148  shows  a  couple  of  di^^ranis  taken  from  a  te:it  of  a  Con- 
solidation engine  on  the  same  road  when  doing  fairly  heavy  work,  about 
30  H.  P.  per  square  foot  of  grate  per  hour,  or  about  80  per  cent  of  an 
everyday  maximum.  The  way  in  which  the  same  horse-power  is  pro- 
duced and  used  up  in  a  very  ditferent  way  Is  very  clearly  brought  out. 


Boil. 
Pi«- 
ture. 
Lbi. 

Col- 
on. 
Ins. 

Throl- 

Smd. 

Mil« 

Hour. 

A*. 
Cyl. 
Pt»- 

111  re. 
Lb> 

Indi- 
cited 
H.  P. 

Los 
witb. 
out 
Pm. 
Lbs. 

'S- 

.3. 

» 

» 

11. t 
•9.1 

9J1 

6°S 

616 

11. 

35- 

140. 

CHAPTER  XII, 


ROLLING-STOCK. 


AM.  One  of  ihc  greatest  charii^  in  the  recent  history  of  Amencan 
railways,  ant)  nne  which  ha«  conirihuicd  as  (lon'crfully  as  any  lo  the  great 
reduction  in  cost  of  Irn importation  which  has  lalicn  pUc«.  is  the  markMl 
iDcmse  in  the  avcrnge  cu|udty  o<  freight  cars— -in  increase  which  has 
bc«n  accompanicil  by  a  Krj-  slight  incrcfti«  in  ihc  dead  weight  of  ihe 
cars.  In  Tubk  154  aie  given  the  leariinst  dimeinnonii  of  both  the  new 
and  old  fundard  lrei|;lil  cuni  of  the  Pennsylvania  Railmoil.  which  may 
be  occeptcil  ail  in  :i  incaMtre  typical  ot  all  American  roUing-ttiMrk.  and 
ibc  contrast  is  at  oiicf  L-vitlent. 

This  chunKc  Ita.-i  taken  place  almost  entirely  *incc  the  first  edition  of 
this  irenltw  was  prepared,  in  1876,  and  i*  in  good  part  the  rcsuli  (and  ihe 
must  useful  result)  of  l1>c  ()arn}w.i[auge  nioreoieni,  which  concentrated 
attention  upon  admitted  extruvai;ance«  of  pnst  administration,  in  jurt 
it  b  un  indiiect  eflcct  ••(  the  iiHriMluction  of  «eel  rails.  A  still  mm  [hv 
l«nt  cauM:.  Iiowcvcr.  Iia^  priibably  been  the  irnormous  increase  in  volume 
of  iraOk,  especially  in  bulky  (rcrght  to  be  transinliied  great  distances  at 
low  rate*,  which  made  llie  last  degree  of  econont)'  indispcnsaUc. 

601.  Ten  or  twelve  years  ago.  ten  tons  (jo.ooo  lbs.)  was  the  ordinary- 
maaimum  lo*d  for  frcighi  can).  34.000  lbs.  only  occasional,  and  ^o^ooo 
Ibe.  Rinsoet  Dnbeard  of:  but  of  the  capacities  now  specified  (r885>,  40.000 
lbs.  is  more  c<>mmon  than  any  other,  anything  less  than  iS.ooo  or  jo.ooo 
quite  eaceplional.  and  ;aooo  IIm-  no  longer  rare.  There  were  in  1S85. 
t8o  flat  can  and  lo  bnx  can  of  60/Mo  lbs.  capacity  on  the  Nonhem  Pa- 
Mc.  and  tram  3  to  10  of  the  umc  capacity  on  a  number  of  other  roads. 
Of  Joooa-lb.  or  ss.ton  care  there  ar«  far  more,  ngmbcring  several 
tboosandi  on  many  mads,  and  this  bids  (air  to  become  ilic  standard  coal 
ear;  whil<!  there  are  nut  a  few  box  cars  in  use  of  that  rjipacity.  As  fair 
e'  any.  p^rliaps.  of  the  gieat  increase  in  the  average  car-load  in 

■('  is  ttie  cTaMi6cation  list  u(  Ihe  Pennsylvania Company.gircn 

I  Table  I JJ.  which  includes  all  the  freight  rolling  stock  of  that  com* 
~'ptay't  s^'Mcni,  existing  in  sufficient  numbers  to  form  a  class,  in  1SS5. 
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Tabic  155  is  interenttnf;,  not  otAy  as  giving  ihc  average  capacity.  t>ut 
for  the  variety  q\  dimeosJonx  appearing  among  the  standard  types  of  a 
single  line.  It  viil  be  seen  that  in  the*e  13  dnucs  there  arc  10  different 
icnt^lis  (not  counting  difference!!  ul  tess  thnn  an  inch),  and  9  diltcrcnt 
widths,  ranging;  by  jumps  of  a  few  indies  each  from  7  ft.  s  <■>•  to  S  ft.  1 1 
In.i  all  in  friigtii  wrvice  only.  Tlii*  diveraity  n  in  part  becuutc  the  cur:i 
must  be  adapted  to  many  diSerent  iu».  but  in  ttie  main  it  is  evidence  of 
the  (act  that  a  proceu  u(  evolution  ii  stiil  going  on,  so  that  the  rolling- 
stock  o(  the  country  is  for  the  present  m  a  transition  state.  The  general 
tendency  ot  this  prucc:M  can  alone  be  stntcd  .  to  Incre-ase  the  capacity  ol 
freight  cars  up  to  jj  or  even  jotons  of  paying  toad,  and  perfect  their  coi>> 
suuction  so  that  such  loads  may  be  handled  with  safety,  at  fairly  high 
speeds. 

603.  Two  changes  which  may  reasonably  be  expected  to  come 
about  in  the  neat  few  years  will  greatly  strengthen  this  tendency,  and 
protMbly  materially  modify  the  handling  of  freight  trains  as  well-— the 


Tabls  199. 
CLASSincATloN   List  op   Fkeicht  Cars  of  THB  Pehksylvania  Compajct, 

1885. 
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Staadtrd  h*iehi  u(  Snw  frcn  nil,  all  c«n,  «.aH.  P.  D.  condotw,  buiU  bctofc  pCMMA 
itaiwlmls  va*  xkyirf,  b^tr  win  on)r  x>  In.  aod  *  ft.  Ucli. 

The  aMcbtt  of  IImh  «n  are  nbcMMtallr  the  >«nM  1*  Ihnw  fur  the  PcnDcrhanU 
RaOrMd.  itvn  In  (be  pnoedi^c  tabk^  Umm  aukcd  *  b(iac  sutBUnti*!)^,  it  aoi  uacUy, 
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n<ioption  of  Home  form  ot  automatic  coupler,  and  lh«  adoption  olj 
freight-train  brake.    The  cITcct  of  all  tlie«e  causes  combined  will  pro 
aUy  be  to  assimilate  the  handtinjc  of  freight  truinii  more  and  more  to  ' 
handling  of  passenger  tuiint.  except  that  the  Kftccd  nlll  be  much  n^oi 
variable :  as  low  us  nuw  on  heavy  ([tudes,  but  very  much  higher  on  tk 
caster  sections  of  the  line,  where  g^cat  tiaciivc  force  U  nut  demandci^ 
uid  where,  consequently,  higher  speed  is  entirely  feasible.     A*  the  ordi, 
nary  passenger  piston  speed  is  not  found  to  be  injurious,  we  may  eicpee^l 
with  some  confidence  that  at  no  distant  day  miixiTnum  freight  speeds  ^^^ 
38  to  30  miln  per  hour,  which  would  give  about  the  same  piston  speed. 
will  be  esiablithcd  in  general  practice. 

The  effect  of  this  ciiangc  will  be  lo  greatly  facilitate  the  Itauling 
heavy  trains,  even  wiihoui  considerable  mndificition  of  gradients, 
reasons  discussed  in  Chapter  IX..  and  elsewhere.    With  the  more  [>e^ 
feet  road-beds  and  track  which  become  ever)-  year  more  general  there  It 
no  reason  to  believe  that  wear  ami  tear  will  be  mairrially  jncreaa 
while  the  cost  of  power  per  ton-mile  will  certainly  be  rathej-  If  ss  thf 
more,  not  only  because  of  the  less  time  sfTorded  for  radiation  of  be 
from  the  exterior  of  the  locomotii-cand  journal-boxes  and  interior  of  the 
cylinders,  but  from  less  destruction  of  energy  by  brHl!e=.  since  it  can  be 
stored  in  the  train  in  the  form  of  velocity,  and  afterwards  uied,  to  a_ 
murh  cre^iter  ciitent. 

603-  The  primary  requirement  for  the  atulnment  of  this  desirable 
Is  ihe  aiIopiii>n  of  a  frelght-iraln  brake,  and  foriunaicly  there  now  appears 
every  proipecl  that  some  approved  form  of  (triKhl'Iraiii  brake  will  come  inlo 
geaeral  use  wilhin  a  few  yiars.  and  thus  gready  simplify  the  problem  of  ob- 
laininit  lt>e  mm  favorable  viriiul  ft'aiJiciiis  cheaply.  In  aildilion  10  the  direct 
a<lvaniai:Gs.  The  taller  alone  are  much  cnnsKlerecl  by  the  public,  but  Rn  ccr- 
l,(in  line*  -It  kofii  iheir  effect  on  the  vinu.it  cratlienu  will  jlmnii  certainly  be  of 
morr  Hnantial  tinporunco.  and  make  the  cipentlitucc  for  irain-brakes  a  most 
pToIiubte  one.  inil'pcnilcnlly  of  llie  grcMicr  talriy  and  cnnvcnience. 

604.  The  uliimaic  soluiiun  of  ihe  problem  o(  automatic  couplers  Is  a  more 
doubtful  matter,  and  it  may  be  well  on  lonaiU  the  cIok  of  ihls  cemuiy  before 
autORtaiic  coupUr*  eomc  Into  ute.  To  the  hit[bc«(  efficiency  of  train. brake* 
Ottj  are  almost  essential,  and  Ihe  breakinji  in  Iwo  of  trains  is  aitnthcr  evil, 
lendinn  lo  discourage  the  hauling  of  heavy  iraias,  which  they  will  very  h^ely 
remedy.  The  chief  obstacle  to  d>elr  tniroduction  U  and  has  alwar*  b<e«,  aot 
(he  mech.inical  difficulty  of  the  pmblem,  hul  the  (act  that,  virinE  lo  the  coniln- 
aous  InterOiangc  of  cars,  no  real  bcnclit  would  be  derired  from  such  a  coupler 
OBill  It  had  come  into  atmoii  universal  use.  whereas  a  passcn|;er.(oupIer  was 
as  Bteful  to  the  road  applyms  U  as  It  ever  could  be.  as  soon  as  it  was  applied 
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lo  ihelf  own  ear*,  of  even  10  ■  [«<r  train*.  Ttic  consequence  of  tbl«  dl9ereBc« 
>4  lh«l  l)i<  utual  cul>«nil'(ry  p[o<«si  ti(  dcvelupmeni  and  surTlval  ul  the  Atlnt 
•u  impvMiUe  wiih  Irciichl  couplcn,  wticrcaii  the  ftrvl  |iractic4blc  pavMnger- 
(ouplec  wa«  adopietl  by  a  few  toad«  olmoil  Immeklioitcly.  from  which  Uie  conta- 
(ton  tA  ckunplc  tjied.  each  i;ain]ng  the  full  benefit  oJ  then  own  expeodliara  u 
looB  a*  naile.  and  ioiinc  nnihinc  by  Ihc  bMckwaiilncvs  o(  othet*. 

The  gieatesl  inamcduic  obaucle  10  a  general  agreement  on  tome  one 
Frf  lKht-<oup)cf.  or  pn  iiro  or  more  couptert  wutking  well  togcihei,  is  the  txi*t- 
•nce  of  iwo  diaiinct  lype*  nt  t«ch  coupler*,  which  have  bceume  linowa  a*  the 
*'  ttnk"  and  (by  a  •ofncwhal  awkwani  and  inappropriate  tenn  I  ' '  vertical  •plane" 
«t  lai«T>l'l>oob  couplers.  Tbe  link  lyi'e  resemble*  mote  or  less  closely  the 
ontinarr  form  o(  roapler.  but  /y     f\_ 


•mnsed  10  work  auloniMticit- 

ly,  aiMl.  Id  ibe  bem  typn,  ilo- 

pentinx  with  loose  link*  and 

pin*.   Tbe  hook  type  ii  model 

■til  alter  the  couplers   which 

hare  t>e«n  io«uc<r*«ttii<n  pas- 

tenger  Mrvice.  Fijc.  uo^tkotr* 

one    ai    tbe    iriiwt   »i>pn>ve<l 

lomuvf  Itnk-touplera— 4be  j\(ne3,  nnd  Fig*.  150.  151  on«ot  the  aioM  approved 

iorau  o(  haok'CoiiplerE— the  Janney.  '  Neither  of  theie  couplers  ba«  been  «e- 


Pro.  !«».— A»isi  (Lii"i>  C«KOurti». 


Juul**  (HOOII)  CAK-CODrLWII. 

Itcted  for  llliMtratlon  a*  the  ben  «(  It*  lype,  but  merely  a«  (airly  rcprcseniaiivt 
and  amotie  the  be*!  and  most  approved. 

609i  E^<b  of  these  types  li«»  «troiiE  nilrocaies.  but  H  may  be  expected  with 
inioe  caoftdence  that  tbe  hook  type  wilt  ultiisalely.  and  perhaps  very  speedily, 
prevail,  (or  the  reason  th*t  ii  IruDies  a  iiradiei  and  imooiber  motion  ol  tbe 
(tain  by  doaiiR  away  with  kioM  slack,  whith  Is  the  chief  provocative  o(  breaking 
(■  IWO  ol  trains  and  ol  brokeo  drawbars  and  other  damage,  while  ii  has  been 
proved  nut  to  be  of  appreciable  advantdRc  in  starting  heavy  Uaint.     There  i* 
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«  SencMl  ImprcMian  ia  the  taaxtxtj,  ftnd  not  *  Uiil«  floailng  cvklrnoc ;  bui  in 
tireful  to«l4  11  Bu(lmi[i(iEi.  la..  iSEHi.  it  waa  (uunil  ilini  thccc  was  nolbing 
gained  \>y  loose  ilacic  man  ihain  could  b«  secured  bv  fiitt  baclclng  the  locooio- 
tive  againit  bralcei  set  at  ihe  idr  of  the  train,  and  la  comprcKdnK  Ibe  iT)'in|[f 
■hraughnut  (he  train.  Oil  tbe  lac«m»iii'c  feUtlinK  (iirward  the  comprcstcd 
springs  give  x  push  (o  each  cat.  and  this  push  seems  to  be  ittott  cfleciive  ihao 
when  the  lame  ihinit  is  done  wlih  a  train  hiving  slack. 

A)  trveral  eood  couplers  o(  eacti  type  ttuw  exist  which  will  worfa  quite 
welt  together,  noihlns  oow  impedes  ■  decision  of  the  coupler  question  exccpi 
the  existence  of  these  iwn  types,  each  of  which  hat  eenalo  advaniaKe*. 
The  advocates,  of  each  ai«  indiipiMcd  to  proceed  very  actively  wilh  the  equip- 
nicni  of  their  can  until  the  veKtd  question  of  a  choice  is  settled. 

606.  In   Table  t;6  ate  s'^'en  various  details  as  to  certain  verf   taigc 
ncavy  (reicht  c-jrs.  and  in  Table  i;?  the  leadmK  dlmen»ions  of  the  mote  uttial 
passenger  cam.    In  ioip«t  to  the  latter,  the  tendency  is  more  «nd  tnore  toward 
the  IMC  of  the  heavy  sleeping  and  d rawing. raom  cars  for  a  large  perceniaige  ol 


lal^ 


TAiiLt^  136. 
DiKKtinojn  or  Cestain  Vbrv  Larue  asi>  Hkavv  F*iligiit.Caiu. 


Lcniclh  over  tills 
Width  over  sills. 
LenRih  over  roof 
Width  over  toof 
tnside  length 
■■      width 
"      height 
Extreme  height 
"         length 
Total  wheel,  base 


Wciijhl 
Capacity 


*  To  l<rp  at  brakt-^hjifr.  i*  ft-  to  in 

t  teademahiminet.  (ofi  ttieH.  ukiasaplte  Mia.  Kfoft  i  tl,Mv  lbs.  M  oae  truck  wbcaj 
Bovcd  back  ta  let  the  Innt  •<  ibt  car  projeet.    Four  tiuein  la  all.    Haamer,  kea  Iha. 
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ihe  iraTet.  and  many  ihtough- trains  consist  of  them  almost  exclusively — a  fact 
which  tends  to  make  the  rate  of  long  grades  and  of  grades  a(  sialions  of  almost 
as  much  imponance  to  [hem  as  to  freight  trains,  but  owing  to  Ihe  fact  thai,  by 
varying  high  velocities  slightly,  a  great  difference  in  tractive  poner  on  up 
grades  results,  and  all  but  quite  long  grades  may  be  operated  almost  as  virtual 
levels  (par.  347).  the  disadvantage  of  dead  weight  is  VEKV  HUCli  less  in  passen- 
ger service  than  is  sometimes  assumed,  and  the  tendency  toward  luxury  in  that 
respect  may  be  expected  to  continue. 

Drawings  and  dimensions  of  a  great  variety  of  cars,  and  of  all  car  details, 
will  be  found  in  the  Cae- Builders'  DiCTio.SARy,  as  revised   bv  the  writer. 


Table  157. 
LuDiNG  Dimensions  and  Weight  of  Sundrv  Passenger  Cars. 


Puna.  RaiiaOAD. 
Stahdards. 


PaiKDger* 

BiCKVe 

Poaal 


DiDinaMC.,  B- AQ) 

Manirch  ftlecpiag-cAn.. 

Minn  ikcpiag-can. . . 

PirlDrCarCB.aO.R.R.) 

ft'udnifl  alHper. , . . 

Hirl.  A  H.  Co.,  Dt-clui 
paucaKtfr 


LuiCTH. 


Body. 


<t.  in. 
4a    o 

t^   ■ 


A4     D 


49 


Out  10 

Out 


(1.  in. 

;i  g 

4^  o 

64  s 


65    a 
Jt     a 

S7    8 


Width. 


Body.      Mu. 


It.   in. 

9    ID 

9  loM 


t\,  in. 
10     l)s 

10  IK 

to    iK 


lo    6 


10    o 

ID       3 


HeiEhl. 


(1.  in. 
u    .« 
■4    iM 
14    iM 
13  to 


14    o 

'i   ) 


WtiEhi 


Iba. 
'44.989 
32,000 

5*.ooo 


fll.500 
JS,ooo 

7t,ODO 
TOJXB 

60,000 


CapKily. 


Pass. 

5' 

30,0D0  ttn 


ja 


WeiKhl 

One 
Truck. 


ibt. 

7,JOt. 


I'SiJOB 


it.-aoQ 


'  The  LehJEh  Villey  sianilird  passenger  car,  a(  ibe  lame  Rcneral  dimediioaa  ai  this,  weiglu 
ij.tj6  Ibe.;  one  iruck.  B614  Iba. 

4  Centre  to  centre  ot  tnick.  33  f(-;  t  fl.  wheel-bue. 

t  Centre  10  centre  o(  truck.  46  ft.  iK  in  ;  to  (t.  wheet-base. 

I  Centre  to  centre  of  inick,  44  ft-;  14  ft.  wbeel-base. 

I  Sii-wbecl,  10  It.  6  \a.  wheel-base. 

Sleeping-cars  have  usually  is  sections  and  a  state-room  andsmobing-rootn  ;  sometimes 
tnly  10,  rarely  14;  and  a  (ew  cars  have  16  section?,  but  without  state-room  or  smoking- 
lumn.  Many  sleepers  and  parlor  cars  wei^h  75.000  tii  78,030  lbs.  Pullman  sleeping-cats 
built  for  English  service  arc  much  narrower  than  iu  American  practice,  and  weigh  only 
ume  48,000  Dm. 
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CHAPTER  XIII. 

TRAIN     RESISTANCE. 

607>  Although  over  fifty  years  have  passed  since  experimental  inves- 
tigations in  respect  to  it  began,  there  is  no  single  element  of  train  re- 
sistance whose  laws  can  be  said  to  be  definitely  known.  Within  the 
years  1875-1885.  however,  much  progress  has  been  made,  and  although 
our  knowledge  is  still  defective,  yet  the  limits  of  error  are  now  quite 
narrow. 

SOfl.  Train  resistance,  properly  so  called,  may  be  defined  as  the  sum 
of  all  the  resistances  which  constitute  a  tax  upon  the  adhesion 
of  the  locomotive:  thus  excluding  all  those  resistances  which  are 
internal  to  the  locomotive  itself,  and  hence  are  a  ta:t  upon  the  cylinder 
power  only,  which  is  a  much  less  serious  matter.  These  latter  resist- 
ances are  (i)  all  the  friction  of  the  valve-fjear,  piston,  and  connecting- 
rods,  and  (2)  aliyi'»?-nii/-fnclioii  of  the  driving-wheels.  The  resistances 
which  do  tax  the  adhesion  are  ii)  ihc  'ii///«f-friction  proper  (between 
wheel  and  rail,  Fijf.  1 52)  of  the  drivers,  with  (:)  both  the  rolling  and  the 
journal  friction  of  the  iruck-wheels,  or  of  any  other  wheels  not  drivers; 
(3)  all  head  and  other  ;itm')Spheric  and  oscillatory  resistance  of  the  loco- 
motive ;  (4)  all  grade  resistance  of  the  locomotive  and  [5)  all  resistances, 
of  every  kind,  of  tiie  train  behind  the  locimiotive. 

609i  Simple  as  would  seem  the  problem  of  determining  what  is  anil 
what  is  not  a  tax  upoii  the  adhesion,  frequent  errors  have  arisen  in  de- 
termining it.  both  by  including  among  the  resistances  which  tax  the  ad- 
hesion the  journal-friction  of  the  drivers  and  even  the  friction  of  the 
machinery,  and  by  excluding  jroni  it  the  atmospheric,  oscillatory,  and 
even  grade  resistance  of  the  locomotive. 

610.  !i  seems  especially  plausible  lo  assume  thai  all  resistances  which  would 
slill  cxjai  if  [he  engine  were  a  dead  enRiEie,  with  disconnected  side  ruds,  hauled 
b)-  ani)ihc[  engine  in  from  of  It.  arc  a  lax  upon  the  adhesion  mhen  the  engine 
is  undei  steam.  This  is  not  correct,  for  il  includes  as  a  lax  on  ihe  adhesion 
the  considerable  item  of  the  journal  friction  of  ihe  locomolive. 

The  tiue  test  for  what  is  and  is  nol  a  tax  upon  the  adhesion,  is  to  :onceive 
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■he  lortKiKitirr  in  b«  Mailonirt'  and  lifted  Uata  ihe  (Bill  vlitt  belu  ov  the 
driven.  Wtii«virr  power  iruaM  ilien  be  loM  by  fritltnn  williin  the  locotnolire 
ittell.  betore  ii  rcuhed  the  bells,  i*  sinailarl];  cantumcd  iri  ihe  loconotire  wlib- 
ool  UXiDit  tbe  ^bcMon.  Ail  (he  recnitndcr  ol  ihc  power.  liKliMlInc  ■nj' loat 
bjr  lb*  Iritniun  or  urcac  o(  Iwll  or  <lrivtr,  miuld  be  liiintin'Hi'ible  onljr  by  the  ad- 
l>e*ion  o(  lh«  bett  (o  lh«  dti(«r,  aiHl  tbe  nwaiure  ot  thai  ulliciion  vtwgid  li«  the 
neuure  of  ihc  net  power  of  ihc  engine  utile  lton>  iti  own  jiiietnal  (rUttoa. 

The  lucooioiivr  ciieioe.  in  (xi.  U  lo  all  inicnii  jmcI  puiputen  a  niMhankAl 
eqaivaieni  lor  a  lUi'oniijr  engine  witli  HjT'wbeel  anil  In  i.  ilic  rail  bcins  (be 
belt.  Only,  iniieail  o(  ihe  cnfine  beins  siaiioaary  and  ibe  belt  moTtng.  the 
brlt  i*  ttallonary  ani]  ibR  engine  move*  itlong  it.  The  locomotive.  W  is  tnic, 
naes  a  lar^e  part  of  itk  power  in  nukinit  "id  lowrrinK  iiiell  on  gradei.  but  ■ 
CLaiionarv  engmp  migbt  c**il]r  be  mailt  lo  do  ibe  nn>e  witboat  altering  anf  ot 
iih  r«u-iilial  (uturel. 

611.  Kq:3rding  train  resisuncc,  ibetelore.  as  tti«  wm  of  alt  those  re* 
Buiuncea  whicti  tax  tl>e 


¥ 


m.  tl>cy  may  be 
iividcdiu  follovs:        — 

I.  Ttir  j«tirn,t/-/ri€- 
/Mi>i,bctw<:eii  jooriidland 
iManug.  '•«- '»' 

J.  7"**  rMiitg-JrUii^t  pf«ptr,  between  wrhccl  iind  rail,  from  the  cause 
uailinetl  in  Fig.  152. 

Both  ihcM  tOf[eiber  arc  nommontv  incIi:Hc<J.  both  in  this  volume  and 
Hscwherc.  unde*  the  general  name  of  B'H,i.is(;-rmcTiON.  anit  ihcirag- 
pn-gatp  rtrx\\-  ha*  bccTi  rictefmincil  wilh  apjwnxiinaie  cx-iTtnps?.  Etp<-(i- 
ment  indicates  ihal  tlieir  aotrcsatc  xmrirs  somewhat,  but  not  malefially. 
triUi  the  velocity. 

tftt.  TIk  three  (ollnwinx  nre  known  cnl'ectively  iui  the  "  velocity  re- 
DiKaam;*'  and  rxperimoit.  ■so  lur  ai  it  Roe*  furhtch  is  not  far),  seems  to 
agree  with  the  rei|uirement9  of  theory,  tliat  they  should  varr  a*  the 
igmur*  of  ilie  vel'jcity  : 

3.  Aft^pherL-  ktad  and  tail  rtiitlante.  Including  the  head  rcsbiancc 
of  the  |nc0m(>:ivc  and  of  the  front  car  above  the  tender,  and  that  icsult> 
Irk  from  the  suction  ri(  tlic  lasi  car. 

4.  AtmMfiktrit  side  retittAiut,  including  that  between  the  succcMive 
can. 

5.  A'lditi^nal  rolling  and  iournal  friction  resuhing  from  Mtiltalitn 
and  eencutti^t. 

A»  with  the  rolling-friction,  the  aRgtegate  of  the»c  three  items,  and 
CSpeaally  of  the  last  turo.  is  far  better  known  tlian  the  scjntate  impof 


tani:c  ot  aeh.  The  doubt  on  thb  nubject  goes  so  far.  indeed,  ihdt  unne 
modern  f»rmula;  of  repuutiun  (e.g..  tbe  two  compared  with  the  uuthor's 
in  Table  166]  auiiinc  ihe  velocity  resistance  to  be  all  atmosptiefk,  while 
othets  assume  ii  tu  be  all  D«t:illatuty. 

613.  An  additionjil  velucity  resistance,   but  one  not  commonly  90 
caUed.  and  too  easily  forgotten  10  be  an  element  uf  train  reiisiance 
all,  Blthou([l]  an  easeittial  «nd  important  clvineni  thereof,  ii— 

6.  Stopping  anii unTiingTi'uilantf.  The  nature  of  the  large  addit]< 
whii:h  it  muko  to  tlie  permanent  train  resistance  hat  been  consMered 
par.  368  ti  iii). 

Finally  we  lutve.  as  the  only  known  and  invariable  element  o(  t 
rcsijtatice— 

7.  Gr^de  rttiUiHse.  wliich  is  sensibly  the  same  rate  per  ecn\  of  (I 
total  weight  uf  the  tnin  a«  the  rate  per  cent  of  the  grade  ;  i.e.,  ao 
per  ton  of  3000  lbs.  for  cacti  1  per  cent  of  grade  (par.  381), 

On  badly  located  lines  only  u'c  need  also  to  consider — 

8.  Cunv  rfslttaKtf.     On  any  well-located  line  its  amount  is  con^' 
eil   i>nly  for  the  purp(ise  of   making  such  reduction  of  Kradc  as  sha' 
eliminiiic  it  altngetlicr.     Therefore,  after  once  completing  such  a  line   ic 
docs  not  constitute  an   element  of  train  resisUmce   which  aRccu  ' 
movement  of  trains. 

614.  Another  elemcnl  of  irain  resiiunce,  in  a  CMiain  seoK,  is  trakf./iit- 
Am.  Whilr  ii  will  be  moM  appropilaiely  connldered  in  ih)s  chftpict.  u  rcLit- 
lag  toils  general  lubjccl.  it  can  only  in  a  vsry  figurative  acnir  be  aaid  to  tic  an 

(temcmvl  irain  resistanrc. 


* 


*«<:«■- 


properly  to  railed.  Tli« 
ilmpIcM  method  of  compa- 
lini;  III?  rfficicncy  of  brakes 
il  icivrn  beneath  Table  iiB. 
page  336,  and  Fig.  153 
ouilinei  the  principle  of 
iliemcihoiJ  ilirre  j[ivcii.  Ii 
need  only  be  added  ibat  the 
average  retarding  efflctca- 
cy  of  blokes  may  b«  now 
(lSB6}con»idered  at  Irom  10  10  14  petetat«/tJie  ImJvh  tkt  trattJ  wktih  in  pM- 
seoger  lervice.  with  ait-bcukct.  and  from  a)  10  j  pet  cent  witb  hand  and  driver 
brakci  on  heavy  freight  trains.  Tlie  sate  presHuro  on  ihc  brake-ihoe*  i*  nol 
much  over  two  thirds  of  Ihe  load  un  (he  whecU.  The  maximum  retardation 
which  hBH  ever  Lieen  reallied  wu  wiih  an  ingentoua  apjuratut  devised  by  Mr. 
George  Westinghouac.  by  which  the  prcMuie  wu  vciy  grrai  11  high  ipeedt  and 
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Table  198. 

Uaxihum  Efficiency  of  Powkk  Brakes  during  all  Parts  of  Stops  in 
Passencek  Sesvics  or  with  Short  Freight  Trains. 

[Abitnct«d  (nHB  compuudooi  bj  the  writer,  beiofl  avcragci  Df  a  large  number  of  sto|w-) 


Hilei 
Per  Hour. 

Ratios  of  Brake  RfiTAj[i>A- 

TioN  lo  Load 

OM   Bkaked  Wh»L£. 

Ratios  of  Bkakii 

Rhtahdatio.^  fO 

Pressurs  on 

bxakk'blociu. 

Pomom  or  Siorx. 

WetliPEhoule 
Br^e. 

Smith 

Vacuum 
Brake. 

Galton.    Theoreti- 
cal <Table  m) 
Uniform  Pceisure. 

Regular 
Slop. 

7D  9 

13  9 

14  7 

ij  7S 
11.9 
14. 1 
U.8 
14  7S 
(4,il 

Again  »t 
Eagine. 

After  10 

SectLona. 

Initial. 

8  to  ID 
xt 
IS 

JS 
4= 
44 

47-S 
SO 
1* 

19  3 

11.9 

MS 

'     IJ  55 
1     .3.6 

11.9s 

j    U.S5 
(    13.8 

'3  3 
(11. «> 
18.65) 

19,3 
11,6 

11.6 

■4.4St 
9Mf 

10,75 

8.35  ! 
S.9    f 

B.4 

B.r 

94.0 

'3-3 
11,9 

a-s 

77 
7-3 
7.0 
6.1 
6.4 

15.0 
iS.i 

17. 1 
'J  J 
'4-4 

13  8 
1.1.'* 

H         11 

O       >t 

•4       ki 

1.       ■■ 

ATcngei,  eicLuding   lul 

90  to  J3 

14.  IS 

13.6a 

10.00 

B.6 

14-35 

N.  B. — The  "averi^  speed"  given  in  [he  first  line  of  this  table  is  for  the  period  of  a 
stop  begimningix  ij  lo  x>  miles  per  hour  and  ending  at  leni.  w  thai  it  averages  8  to  to 
■niles  per  hour. 

For  the  original  records  of  these  stops,  with  very  valuable  further  data  on  brake 
eifidencj  and  the  laws  of  brake  friclion,  see  Dredge's  "  Pennsylvania  Railroad"  (Wiley  & 
Sods). 

From  analysis  of  these  and  other  data  the  vmter  concluded  that  the  following  ratios 
represent  the  mojcimum  efficiency  of  brakes  in  ordinary  practice^  being  such  as  is  fairly 
attainable,  and  is  in  fact  attained  under  favorable  conditions  with  all  in  good  order  and 
with  ihe  best-known  appliances  : 

RttardatioH  0/  Brakes  in  ptr  cent  0/  Load  on  Braktd  iVkitU. 

With  special  apparatus  not  in  practical  use  .- 

About  one  Ji/th,  or  ao  per  cent  at  all  speeds. 
Wilk  ejficient  power  brakt!  0/  ordinary  type; 

At  speeds  decreasJnB  from  15  to  ao  miles  per  hour,  about  one  fifth  or  ao  per  cent. 

At  all  speeds  eiceeding  rs  to  10  miles  per  hour,  about  one  seventh,  or  14, 14  per  cent. 

For  entire  stops  of  long  (rains  at  high  speeds,  including  lost  time  in  applying  full 
brake-power,  ont  eighth  to  one  ninth. 
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trai  rcduecd  Jiutpmaticalljr  as  th«  »p«ed  fell,  so  »t  (o  keep  the  retudkilon 
within  ihc  nriilir  (onttant  force  necesiaiy  to  skid  ilic  wh«cl«.  which  ia  one 
fourth  ol  the  inMilant  weight.  This  »pp)ir*lus,  moreover,  nas  applu;!!  tmlf  li 
a  ilngle  <ar.  anrt  thus  dkl  away  with  another  serioui  obtiacle  (■>  ib«  elBciencv 
of  brake*— that  it  lakei  a  considerable  time  after  they  arc  applied  f>n  the  engine 
(oi  tbem  to  even  tiegin  la  apply  on  lh«  UM  car.  Wiih  jo  car  trcifhl  traint 
orer  ten  bpcodiIi  is  lott  in  thin  way. 

With  ibi>  Appanttui  an  avtiagt  cfBcIency  of  over  o.i  w*s,  obtained  (or  (be 
mlirc  stop:  but  it  ha*  nevet  been  Inirodui-ed  into  scrvit*.  ((trottic  elSciency 
tioi  being  the  end  aimed  at  to  ititjch  as  cheapne**,  tirapticiiy,  and  fcrtMoty 
of  action.  It  li  poiiiUe  th.ii  the  near  future  wili  bring  about  coMiderablc 
difference*  in  the  brake  question,  and  until  then  It  i*  danceroiu  to  prophecy. 

619.  In  tliu  anitlyattt  i>l  tlie  preccdinfc  eiernctiU  o{  imin  resi.-uance,  and 
in  pre«entiii(;  uiiil  rccixicilinic  iho  incuiMJjtencies  of  the  cxperimrnuU 
faces  oil  rccurd.  u  voltjine  iiii^lil  easily  be  vritieit,  and  perhaps  itot  un> 
profiubly :  but  (or  our  iinmedUtc  purpose  it  will  tiiilfice  to  dlnmiB  at  once 
a  Urge  (ruction  of  aucU  experimental  tacts— <>r  what  purpixt  to  be  Miclt. 
t>iit  iiTc  niA— as  fur  one  rcasuo  or  anoilicr  worthle»HSpructkal  guides. 

616.  From  n  ptuciicoJ  point  of  view,  train  resistance  must  be  con«i< 
from  l«ro  aspccu,  vix. ; 


1.  As  rtspiili  freixfil  f-ai'ni.  to  whicli  *peed  i»  unimportant  twmpai 
witli  huuling  the  Utfcest  possible  loads  over  ttie  point*  61  maximti 
resistance. 

».  Af  rttptttt  pitsut^tr  trains,  to  which  the  possibility  o(  high  Speed 
the  more  important  considcraiioit. 

In  each  cJsc  formulae  which  ti*al  with  the  car  resistance  only,  ncglect- 
ini;  [be  hca'l  and  rolling  resistance  of  the  engine,  arc  comparuiively 
valueless.  Wliai  we  need  to  lAiow  most  is  the  sum  of  all  the  resistances 
which  i.ix  the  adhesion.  We  will  consider  each  class  of  train  rcsbtam 
Mpataicly. 


FKEIOHT'TKAIN   REStSTAKCX. 
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617.  The  best  existing  evidence  known  io  the  writer  as  to  what  is  the 
absolute  amount  of  the  train  resistance  of  tntirr  Amciican  frclgiii  trains 
in  the  ordinary  routine  of  service  ntc  the  olis<T\'aiions  made  at  the  Bur* 
lin^n,  la-,  first  |i8S6)  scries  ol  brake  ten*.  These  tests  were  for  the 
primary  purpose  of  determining  precisely  how  much  riitlcrcncc  there 
miKhi  be  in  the  normal  train  resistance  ot  the  various  train*,  apart  from 
the  action  Of  the  brakes.     They  were  made  by  the  "  gravity  method  "  d^ 
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scribed  in  Appendix  A.  the  train  beinfc  cauited  to  approach  the  ifaitting 
past  at  U9  n«iiily'  *i  miKliI  be  20  mile*  per  hour,  when  steuin  u'iis  shut  oH 
and  tfac  train  gicnnittcd  to  run  over  a  very  itighi  iluwn  cr^de  till  it  came 
>•>  A  siopt  It  Wds  llM-'ti  cuu^cl  10  approach  a  succeeding  siO)>-po*t  at  a 
sharp  down  gmde,  having  a  slightl)-  curved  ali^'iimcnt.  ai  5  miles  per 
tiour.  and  pertnittcd  to  acquire  what  velocity  it  would  <about  jj  miles 
per  hour)  for  *  certain  distance.  There  was  no  wind ;  and  the  ther- 
tunmrter  averaged  ahoui  80*  Fahr.  The  results  ol  the  tests  are  summa- 
need  in  Table  160  and  Fig,  IJ4,  which  may  be  accepted  as  an  almost 
abaolutcly  arcuratc  record  ol  actual  resistances  *  over  the  entire  range  oJ 


FKt  ttt  — Kawf«»  «♦  tH»  lt»oiiBCTi»i.  !•-.  T«si>  Of  Tii«  HiiHiiHCi  i-r  Ejtim  ThaivS, 

(CiaivM  fcr  <'■•  Btllwil  ibon  in  Tkbk  in.  on  leiVnuif  p>c*.  u>l  iB  Apfcndix  A.] 
•TW  docied  nun  r(*c  ifat  Mia  (MAt  on  aittM  irKk  cDrmlnl  (or  (ari*  11  imiim  MJWf 
T>U*>tt>.    TkcdoiMdMt  AMhBl"A.H.  W.''li  iku  (Ina  by  lb*  wriur'i  lonMMt,  Fif. 
t^and  Appntfli  A.) 


*  As  the  KiiicT  vraa  tcfctec  i-f  ilieie  lenis  be  vat  lamiliar  wiih  the  eonOiitoa 
o(  (be  cat*  miii  all  other  modiljring  citcnmstanecs.  Therefore  he  can  vouc^i 
lor  ihe  accuracy  o(  the  tcsslu,  which  iccni  sixiKwhai  peniUar. 
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Table  199. 

WutNix  or  CoMPtmsa  GnAVirr  Tkms  ui-  Thaim  RKSiSTAHCt  of  Enti 

Fbkioht  Trains. 


1  dccTcuing  from  10  mils  pu  liour-->s  ni!>«<l-uir  waini.  ts  toaiini,  Ij  rto^i.  vilfc 

d)  (lAniimirlf  r  car  And  wtty  car — AdirriiJhii  if  x  >4  in*  «n^n(w, 

fCoapuWd  by  the  writer  from  tni  tuiii  down  1  iJiitlii  (lula  wtUi  mna  thui  oR.  u  !>• 

ItuilinKtnn.  U..  Irrielii mm  tinkc  inu,  Jgl;,  iSK'.) 

(This  tablv  cnttr>  only  tli«   n>m]iuUlt0D  ol  Uie  lour  1uw«sl  mislanc«9  ia  Fis.  1 

nurked  "  WeiliiiKliaUK  Tui|;ml,"} 
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An  an  tlliwtniiloa  ot  tlw  amirw?  of  ihr  mnhod,  u  MUinii  9000  ih«  iNHlann  nill  b« 

ntarr*vi  ut  be  abnomially  kre«.    'I  lit  uwe  prciilbriiy  ran  ihrnuch  all  ih«  duErams. 

Zl  nu  iHUBd  on  intcsligilioii  tlinl  Ihc  irvk  iLi  9000  inlilcb  vu  In  Ihe  hullnn  ul  1  K'-><1'> 

taul  b*t«  rab>lla»ir<l  >if|i>t  111*  [iiuAIi:  kvclk  vrrc  Ukcn  Aiiil  riiwil  bji  miHIt  uuL^uun 

^tmionX  (foctoblf  Himnliini:  otvt  a  fixil),  acciiunliiii;  i-ii  the  occur.     All  llir  itrt^rolanliM 

«if  ilw  ubie  utr  due  to  vna  OaSixis  of  obKrvali-m  :  (i)  \.aA  of  abgolulc  pirciiion  in  Ihe 

vnuh  ctrvulook,  uul  Ul  liKk  i>(  u^ct  rDrr«ln*«  in  ihc  sp«ili  reul  nil  Iroai  Uie  dj'na* 

(MOMtar  raosnl,  which  wuon  ■  tola  of  ^  iii.  prr  mile  per  biHir.uri  ft.  ol  paptr  Iwr  nij[« 

tun.   Towlcmjil  lo<oinpulc  Uic  roitldncr  HporaUly  fur  each  lumeuive  1000  It,  li>  very 

oiHial  tut  ol  the  wxumi.7  ul  ilic  nidliud.  and  a  i^ullc  uiidktsui;  one  fnuii  a  practical 

pgint  u(  viea.     Th«  nHnpul^iiiiiB  uvrr  jouo  (I.  Urctchet  are  vny  r>)fuUi,  ill<i>tialiiig 

diM  nnsthirt  nM4hcd  <an  iii'nuch  <^l■l  in  inKiiinn  uiil  cvrUinlj, 

Tkr  *dclM(«l  ttelnlnt  loicd  waie  a»  luUowa,  io  ton*  ol  aom  lbs.; 


WMiinghauH. 


I 


1}  bos<«ra,  cmpir  wcicht 

19  IcAiJ*.  at  so  i€M»  each 

^fBMtifini  toad,  when  lueU.   ..... 

AjiDAniontclor  c»r.  wilti  15  jxiivnt 
Way  car,  wlik  10  petioQi. 

Toul  inin 

Engine  on  driven 

**       on  (ruck 

T«nd«r  cmpip .„,,.. 

Total  engine  and  train 

Ot  ohich  there  wat  braked 

Per  trril  braked 


JOI.OJ 

340  ■ 
16.50 


S7'-37 
86-54 
14.07 

I3-J5 

15  IS 


639  48 

331,  y. 

53-16 


EamcK 


361.41 

ajo. 

3«»3 
16.  s*> 
'355 


571.31) 
36.40 

13.35 

IS. IS 


f'5'J.7l 

300.16 

46.90 


Anerican. 


34^.79 
340. 

16.50 
13  !S 


614-S4 

14  as 

13.35 
15.15 


6SI.6I 

381.16 
56. «4 


Every  bca-car  iruct  but  one,  ■■  well  u  tbe  tender  and  eDflne  diivets,  had  brake*  on — 
»  very  uadhuI  proportion. 

AH  tiM  tnlni  had  Hatter  Car-Builder>'  uaodanl  axlm  (3K  x  7  in.),  tnwp*  tli«  Widdi- 
CeU  &  Rutton.  vhich  had  ,14  y  7, 

A  lull  leponof  l)iact«i-<..-i!iptepUTd  and  tompuied  by  Ihe  writer,  will  be  found  in  (h* 
Ati/r«i<tf  f/«v//e.  June  Ici  AuGU>t.  1SS6.  TlIK  aKKLi.it  or  a  i.atfr  KERirti  t»  teat' 
n  it>7  ^cc  ButinttriHg  .VViiti,  May.  JiiHr,  itK?!  wen  at  (ullowi ; 


Avenue  Speed. 
Mil 


Taagefli |  J 

3*Cui« j 

iownl  ubwrredonTaDKent....  j  |||? J? 

tC^eu  otaei  veil j 


tS86. 
S87. 
1SS6. 
.W7. 
1SS6. 


Tiln. 

131 
«»* 


tSSb. 


Mi 


Reiiitino*. 
Lbk  pel  Tan. 

6.61 
7  'JO 
8.46 
q.bu 
4.3s 

S-S7 
$.S<> 
7-S» 


T.36 


9.0J 
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Taulk  I«0. 

TkAlN  RSSrSTAMCS  Of  ENTIXB  FKttCHI    TftAINt.  IKCLCDIKC  Ekuimi. 
(Giving  tlie  mua  naftlBnoN  in  pounds  per  Ion  (o(  looo  Ito.)  (ompuud  u  •kotni  In 
Table  159,  wiih  the  (ottupondlnc  •clocUles  In  mll«  pw  hour,) 
(Each  d(  the  f«liUDCt^  on  Uiititiit  i>  the  arcnec  on  ■  ran  of  jooo  (I.     Ejch  «(  tlw 
naiMaaew  on  curtn  die  avtmct  un  a  tun  ul  ijeo  fl.) 


[ 

T«.GaHT. 

RntiiTANcca  m  Cmm. 

TansM 
Kn&t.' 

Vel. 

Kniii. 

V«l. 

KmIh. 

C«r»«. 

WcMJngliouse  {C.  B. 

l<..i)3 
lb. 06 
91.58 
»4-T8 
•1.55 

3-8o 
436 
4  Sfr 
4-14 
4-44 

18.  Sb 
33. 00 
34- ■» 

4   «6 

7. 56 

6.41 

1  o9* 
1-47' 

4.09 
6  9b 
S.M 

ao  SI 

439 

14 -W3 
34-55 
30.  ro 

6  07 

i.js*  1  %-y> 

Ciim«a  (1..   D.    &   S.  ( 
(artland  Widilie«M-J 

&  Billion  (L.V.CMr»H 

8.41 
iS.lS 

'9  TO 
i6.Ba 

(■.5i> 
6-7li 
7.04 

q.68 
g.ao 
036 

1.08*     9.14 

a. 60*       7.flo 
1-47'       8.<"5 

Mc»n 

6.84 

91,70 

13. oj 
3145 
30- 7S 

0-49 

1-75*  1    «-55 

American  |5l.  L.&S.  4 
F.  (irsl 1 

-,,63 

13.7a 

7  S8 

d.oS 

10.40 

7-84 

i.oB* 
j.bo' 
■  47' 

T.S4-' 

l>.  lO 
7.*( 

II. b6 

9.50 

91-19 

8-94 

|.T<*            ft.fVT 

" 

■ 

I 


*  TanCfXi  miiunc*  ilcittnitnrit  by  lubmi'iinE  H  "■-  P"  ''ff'**  ^'  '■>'*■  f"^  1^  Xntit 
Kiuisncr.  AvT['ii<  rirttM  ol  tune  delcmined  by  dewrmlBlnB  Atptt*  of  <«*irat  aastt 
p4*L«i!  anr  by  head  and  rear  of  train  on  ginn  diiliuicf,  avcracinjf  Ibe  lw«,  and  4lvldBBC  bf 
•unbet  fd  uatMni. 

VtlocitMCU*  in  Rntnpfr  hour;  i^ttance*  in  pniindt  prr  ton.  J 

pract>cabl«  frrighc  speeils.    The  track  wa-t  in  (air  but  not  remarkablf 
goort  conrfiiion. 

618.  Thr  conijitioHK  of  tilt;  mini  tented  Cwbich  will  be  se«n  to  have 
ebowii  quite  rtiffcrent  re»ului  were  as  lullfrars : 

I.   Wttli»gkeHse\  trail.— iJladc  up  of  old  can  in  ezccllcdt  ruttnin^ 
ordrr.  with  wfll-wom  journaU  and  w  lie*  I -treads.    The  perfoiniance 
thin  tfain  should  birlv  represent  the  ordinary  conditions  ol  practice, 

2.  Amtritan  /riww.— Miide  up  o\  entirely  new  and  very  heavj-  ca' 
which  had  only  run  some  300  to  joo  miles  since  leaving  ilic  shop,  a 

t  The  trains  are  desi^ucil.  (or  eonvenimcc,  by  the  amdh  o(  tbe  brak< 
with  wtilcb  ihcy  were  fitted,  although  these  brakes  had  nothinK  to  <1«  with  the 

tCkU- 
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(i:>nscqit«ntly  hud  bcsriiii^  and  whRcl-ifcads  siill  comparatively  rmigli, 
..ml  Kilt  lorly  rcprc^cfuiny  tlic  aviT.ige  c>fn<liiions  of  piactice. 

y  Eamtt  /rd/i.— Made  u]>  of  fuirly  old  but  poorly  built  cars,  and 
Ktnrrdlly  !ii  railicr  iiiEcrior  condition. 

619.  The  cRca  of  thcM  dilTerencc«  in  the  trains  is  clearly  visible  in 

'"'«■  154.  where  the  Wcsling:hou»c  train  &liount  mther  l«s*  than  half  tlic 

'oDint;  resistance  of  the  olhcr  two,  or  about  4  lb*,  per  Ion  drr  all  tpccd^ 

up  ((■  15  milcf  per  hrtiir.     The  Kcnccal  (act  Uutt  >jiec(l  cuuhs  very  litilc 

iiicrcd-''e  in  train  mtstauce  up  to  .^|lec(U  of  30  miliri  per  hour  Is  dearly 

indicated:  and  lhi»  many  otli«c  iiiilic<tioiis  tend  10  con  linn,  as  notably 

varioiisdynaroontctcr  tests  made  b)- tlie  Pcnnsylvaoia,  New  Yutk.  Lake 

tvrie  A  WeHteni.  Chica)^,  BurlinKlon  A  Quincy.  and  oilier  roadi.  where 

very  low  car  reaisLtncea,  ruanins  down  10  (torn  3|  to  4  lbs.  per  ton,  have 

been  iitdkated,  with  little  variation  as  an  effect  of  speed. 

These  bitter  te5t«  alone  would  lc»vc  I  tic  question  open  to  much  doubts  ■ 
aincc  they  do  not  include  any  of  the  he^ad  or  engine  re«iMancei^  whicb 
•t  high  speeds  become   more  important  than  any  other,  but  tlie  tests 
given  in  Fig.  154  include  AM.  resistances  and  lead  to  tlie  Kumc  conctusJoa 
*o  clearly  3U  to  l>e  unmistakable. 

690.  The  peculiar  minner  in  which  the  Eames  anJ  American   mistancs 
lines  on  corves  croia  each  oihet.  as  ihown  bv  the  fol 
lowing  sketch,  may  appe-jr  10  indkale  thai  there  it 
somelhiaK  wrooK  in  the  cmnpule'l  reftult*.   This  is  by 
iw  means  so.     Tbe  anomaly  may  be  thus  explataed : 

U)  Each  train  wa>  made  up  of  35  cars  from  (h«  same  Tone)  aAd  built  nearly  at 
llle  unse  lime, 

(4)  All  trciRhi  cars  are  rnughlv  built.  The  aales  are  not  likely  to  be  /rv. 
tittfy  parallel,  except  by  aeeiilenl.  To  have  the  ucles  enough  out  a\  paralU  1  to 
precisely  fit  a  I'currc  requires  that  the  wheel-base  shall  be  nnly  -i^^  pan  longer 
as  one  aide  than  Ihe  other,  or  Vli  ■".  A  Int  ol  <art  buiti  al  one  lime  are  very 
Ukel^r  to  hsTC  Ihe  error  all  on  one  side. 

(()  Resistances  a  and  1 1te«  ikelch  above)  were  on  curves  turning  to  the  rifkt; 
letUlancc  b  was  on  a  curve  luinini!  to  thi^  Ufl, 

I),  therefore,  the  Anieiican  train  curved  most  easily  to  (he  tight,  resistances 
■  and  t  would  be  abnorm.itiy  low,  or  very  near  the  tangent  rale,  and  resistance 
<  aboormaDy  high;  while.  '\i  the  cnnitary  was  the  case,  wlih  the  lUines  train  re' 
Mtianec  a  and  f  would  be  abnormally  high,  and  resistance  i  abnormally  low.  or 
well  doirn  toward  the  langrni  rale. 

Wbeihes  this  or  other  cause  led  to  the  varlaiioa.  it  Is  certain  thai  it  was  an 
actual  one.  and  the  (arret  plan,  therefore,  seems  10  be  touhe  the  average  of  both 
uatns,     Tbe  throttle  of  each  engine  was  absolutely  ligbl. 


502 


CHAP.  Xlll.—fKEIGHT.TkAlN  KKStSTAKCe. 


62l>  Tlie  experiments  by  ilic  writer  recorded  in  Appcodi.t  A  » 
imde  b)'  the  same  ^i;iitnil  method  uk  thi>ac  juu  describcil.  and  were 
lirst  in  which  the  vcr>'  li>w  ir^m  resistimccs  for  trains  in  motion  which  are 
now  (^ncrally  admiiteiJ  wvrc  obaervcd.  They  indicuied  that  ihc  norniAl 
magnitude  of  the  ro  I  hng- friction  at  speeds  of  loto^mile*  per  hour  was; 

For  passenccr  and  loaded  freiKhi  cars, 4  lbs.  per  ion 

For  empty irtriglii  rars  aiidoiher  light  loads 6    "         •■ 

For  itrcet  curx  ;imi1  oihrr  ttill  lighter  toad^. 10    "  " 

For  (rtijjht  Irucks  without  load '4    " 

The  start  iog- 1  fiction  is  very  much  higher,  rising  to  over  so  lbs.  per 
ton  in  «ome  ca»ev     (See  Ap[)endix  li.) 

$33<  Some  experiments  on  inin  resistance,  both  on  curvet  and  tan 
KCtiii.made  in  1885  on  the  BreilaU'SchnioIlxline  in (iermany,  apparently 
in  an  accurate  and  careful  manner,  but  coveriiin  only  the  recistoncc 
can  behind  the  tender  and  dyniiniomelcr  ur.  i;<ive  still  lower  rcsultsthan 
these,  as  shown  in  Tabic  161.     Tlic  testa  covered  also  the  question 
remedies  for  oscillation  and  ihe  odvantaj^cs  of  a  device  for  radialin);  uitcs 
on  curves,  as  to  which  nothing  miponanl  was  developed.    The  rc»ist> 
ancesare  noticeable  as  beinff  amonit  the  lowest  ever  reported  for  simi 
speeds.     Similar  tests  on  Ihe   FreiburK-Sulxbrunn  line,  with  the  u 
Bppnriilus  and  by  the  SHmc  individuals,  nave  somewliat  hi);het  avcniKc, 

Modern  evidence  lo  the  s-irae  ueucriil  puri>orl  as  that  which  precedes 
might  be  multiplied  utmost  indclinitely.  t;ul  it  appears  needless  to  do  so. 

623.  Wk  «AV  conclude,  THEKKrORB,  AS  TO  ntKlOHT-TRAlK 
RESISTANCE — 

I.  The  particular  velocity  adopted  is  wholly  unimportant, 
both  because  it  makes  absolutely  but  little  difference  in  the 
resistance,  and  bec^iiM:,  if  the  resistances  are  mounting  too  high 
for  the  power  of  the  engine,  the  speed  can  always  be  cut  down 
SA  critical  points.     The  total  work  in  foot-pounds  done  to  move 
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Table  i«. 
Reustance  op  EuROpu.-t  Cars  \tf>  10  ij  I1.  riitid  whcel-bue). 

tlleponcd  In  tuil  In  the  Railvmy  Eifi^rrr,  Dec.  itlt  it  nrf .    R*>lR*nc«  In  Poundt  Pn  Ton. 


Mile*  Ptr  ItAur, 

Il>i»ATgiia  Asia*. 

Fnio  Axiju. 

Lirnlii. 

Avrnc*. 

1  imtd. 

^•■nntt. 

19.4 

11.8 
98 

3,0     lo  375 

3.97  10  4.l<) 

J.07 

a.6s 
4.08 
5.0T 

s.4!>  to  J. 75 

3.97  "o  4-6S 

6.  IT 

3.0.J 
4.l'» 
6.17 
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ilic  train  is  nol  afTcctetl  ciioueh  lo  havfi  any  measurable  effect  on 
the  cusi  of  {lowcr  (see  pai'.  664). 

a.  The  normal  unKeiit  treigtit<train  resistance  in  summer, 
syr.lflE  AND  ALL  INCLUDED,  IS  often,  and  perhaps  uiiiially,  as  low 
ai  4  lb9.  gier  tun.  up  to  s[>eeds  as  high  &f.  25  miles  per  hour,  run- 
ning down  in  cases  to  3  lbs.  and  even  less;  and,  on  the  other 
liand,  rising  in  cases  as  high  as  6  or  3  lbs.  per  ion  when  ihe  cars 
are  in  bad  order,  or  against  a  head  ur  side  wind,  or  (as  we  arc 
about  to  see)  at  winter  temperatures ;  these  latter  figures  being 
a  fair  working  maximum  for  frciffhl  service. 

FoiM  poaodi  per  ton  will  make  a  diOcirncc  of  Nom«  3400  lb».  in  tractive  r^ 
■iMUice  with  Ml  areragc  train  of  ij  cars  which  will  uie  up  the  adhnion  of  4.8 
too*  oi  vciKhi  on  driven,  or  la  to  10  pet  crnt  ai  ilic  tottil  In.id. 

(74,  [>  <s  rniircif  uncetlatn  huw  miKh  of  th«  90<a1!«cl  rolling  (rktlon  Is 
yiuinal-ftkilon,  and  hov  much  rollinft'tncilon  proper.  The  pretcnt  pruba- 
liltr*  arc  lliai  moM  of  It  U  jauinHlfricilon,  Rxperlmenul  iJeiei  mi  nation  of 
roltinc'liiclion  proper,  apurt  from  all  jnurnulfrlrtiun.  U  a  matter  of  llie 
ttcMn*  diBknliy,  and  \a»  n«ver  bem  iilli!m[>icil.  Journatdklion  lias  bc«n 
lar  IRON  ihoroushly  Jnvc-itigated  within  the  1»i  lew  yeani.  but  until  then  the 
U««  of  ll  alto  had  been  but  littk  inv«4lijiateil.  and  nhai  InvcttiBa^lon  hitil  bece 
ttitAt  »ai  lartely  erroneous. 

62fi-  By  some  sinxulai  rhanee.— -probably  the  beautiful  sicnpllcity  of  the  laws 
4rre loped,  w bleb  ontyliulied  c<>riccin«*i  to  make  the  law*  of  frktioo  very 
tuily  underMOod.— aoffle  experiments  made  \>y  M.  Morin,*  i  Fren<li  iifTiccr  of 
anillcry.  in  1831.  abla^iBcd  atmoit  universal  accepiaiiun  hs  a  Rnal  detcrniinBiloa 
of  the  laws  of  frktioo.  There  i»  even  at  the  preient  dny  (i9Sj)  hardly  a  tlnele 
icitl-bool:  of  englneerioK.  at  lea«  in  EoKlifh,  in  which  iheae  laws  (ire  nol  laid 
down  M  fact!,  yet  they  are  now  generally  admitted  to  be  entirely  Incorrect. 
They  were  in  substance  that  the  eoefflclent  of  friction  was  Independent  boih  of 
the  pressure  and  of  the  velocity,  so  that,  once  determined.  It  wan  universjilljf 
applicable.  The  range  of  the  experiments  was  very  limited,  and  Morin  himself 
(titcUiincd  any  extension  of  them  beyond  the  range  of  his  experimeotsi  but  It  ts 
clearly  proven  thai  there  are  no  limits  nor  conditions  under  which  his  lairi  are 
approxinMtety  true,  since  the  coeHictent  varies  materially  both  with  pnrssure 
and  velocity,  with  both  lubricsted  and  unlubrkaled  surfaces,  and  with  tempera- 
ture and  oitier  cooditions  as  writ  :  as  notably  with  the  character  of  the  surface, 
whkh  malces  any  (teoeral  coeificieot  of  "  iron  nn  iron.""  or  "  iron  on  brans,"  for 
euinple.  rather  worse  than  useless. 


•  "Nouvelles  Enpefiente<»UTleFrottom*nt.  Exiles  t  ^^el^  en  (S31  '"  Par 
Arthur  Morin,  Capttnine  d'AnUlerie.  t>S  pp.,  4*.  plates.  Seconde  Mimolre. 
■S33,  103  pp..  4  .  plates.    Troisiime  Mtmolre,  t3}3.  143  pp..  4*,  plates. 
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636.  IVot.  R.  H.  Thuraton  wu  aidook  ihr  Arsi.  il  noi  the  Ant.  lo  di^cut 
■ad  anniiuncG  ihe  true  Ian*  of  Iriclion,  in  i''7b->^.  hnvinij  iii*il«  u  iHrci*  iiuint 
of  experlRieniK  on  an  Ingenlou*  machine  i>f  hit  invcnt4<>n.  Tlie  nriter.  In  ihe 
Euninirt  "(  iS;fi,  niidf  i  wrkR  «(  lc»W  of  r«Illns-*li^cti:  iMl«uix*t.  tucnmarixtd 
In  Appe'i<liK  A.  by  drappinu  cath  iluirii  Ktailrt  and  ir|[>fticiini;  velocities  vtfc 
trkatly,  in  which  he  bdkvc*  he  <ias  Ihe  liril  to  discover  and  announce  Ibr 
vaiiatioii  Iti  roeinrleni  (or  loaded  and  empty  care  and  the  flKR'etaie*  of  4,  r>, 
ftnd  10  lbs.,  abuvc  inonlionDd.  wh.ch  at  the  timv  Mp)»areil  iiuile  vrilhom  preM 
(leni,  ■«  Piai.  Thurston's  results  iccte  not  ai  that  lime  fencrally  knovn,  and 
KCrs  not  at  alt  Itnown  10  the  irriler.  A  larRc  nuoiber  of  dynamometer  (MU 
en  variolic  loxds  vierr  m»ile  Hh«rilv  after,  aixl  in   (act  irere  then  in  pTQgKW, 


LM  *■'  T«-  v*'-  ptn  «>*.*■ 


(Tin  itlodly  ftiea  (ur  ilie  rubtimi: mtlncn  «<  r^  It.  t>«  ninatt  li  equl»tcM  M  « I 
tpccd  at  voBW  j<  milA  per  hmr-l 

FiO.  111. 

!  the  nme  low  rate  of  j  11m.  per  ion  or  eren  Ins  for  toaded-car  K9H 
I,  attlioufh  empty -car  resistances  were  Icsa  carefully  deiermineil.  Shortly 
Ihercafler  Mr.  C.  J.  II.  Woodfaur;  began  teats  of  great  imercti  for  mill-work. 
«hichgivestrooitconfim>atory  evidence  o(  the  above  results  at  leipect*  the  gen 
erallavsof  (ticlion,  ailhough  not  directly  Bpi>1icable  to  railroad  practice.  Finally, 
in  i83]-4  Mr.  Reauchamp  Tower  made  a  scries  of  elaborate  and  remarkable 
tests  under  the  auspices  of  the  Instjiution  of  Mechanical  F.nxineers.  vhtch 
appear  to  have  been  the  Arsi  made  iri  RngUnd  of  a  character  to  reveiil  ih 
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(tron  ol  Morin'*  remlw.    Tlic  '(i«rman*  and  Fmtcb  iln  ntii  appear  lo  have 
MMwn  ihcit  iisiul  HtianliKc  ftcliviiy  in  il)it  mallet. 

A37.  All  ibpM  modctn  r«suli>i  AgrrF  in  »KntlaU  wlih  ca<h  nihet,  ulihouel) 
MMDF  ka*F  coxtrtl  rcralu  noi  (oiiclieil  by  (he  uihrrs,  Their  general  rcauli* 
>n<l  iniliaiiioni  tar  (uminaiiicd  in  Appendix  B,  Mr.  Woodbury'B  fMuli»*  begin 
•ilk  llic  lixTrti  prtstures.  nnd  are  iliown  in  Tatile  t6:.  and  gfaphlully  in  Tiig. 
Ijj.  For  ibe  very  reason  iliat  ihrs  dJAgr^m  it  lor  preMUT«:i  lower  Ihan  ever 
«t(ur  tn  iHWinal  latlroad  praeticc.  11  It  piiriirubrly  inicrcHlinK.  since  it  turnislMi 
a  ctwck  oa  Ihv  eonclutJoni  vhich  have  been  ri^ached  by  other  cxperi mem ers 
■■f«raiiRg  KJthin  llie  limil*  of  mllioul  praciice  only,  by  beginning  as  it  were  at 
tlw  Ipomlailon.  and  shoirinff  the  taw  of  change  in  journal* (ric I ioi)  (roni  1  lb.  per 
iquiue  Inch  ot  jovrrml  pre*»ure  upwards.  There  has  been  udded  below  tbe 
Jitpam  a  line  ibowing  the  cquivalenl  in  pounds  per  [on  of  iraiii  resUiance  10 
ihr  utairact  "r<ieftciem«a(  Itiction"  given,  a*  being  a  unit  belter  suited  lor  our 
iitiDcdiate  purpose. 


TauI-E  163. 
CMinaum  or   fkicrios   with  Vekv   Low   Piitssiiiies,   a»o    ErrecT 

IIIKREOS    OF   TliMPKRArirKK. 
lAbuiacicd  itttoi  (tc«nli  of  itiu  ol  C  J.  H.  Woodlwry.} 


PISW.1IB 

Coarnciwrr  of  Phictmpl 

Total  Pucthih  at  ^%Mm*^ 
lima  or— 

I^ErCuilel 

h*S«  In. 

Ian*  |»(0*. 

Iff. 

•M*. 

f'. 

10B». 

lb*. 

ibi. 

1 

■538 

.138 

-53B 

.138 

3$. 6 

3 

.399 

.060 

SqS 

.  Ibo 

16.$ 

3 

.311 

.060 

■b■s^ 

.180 

SS.S 

4 

.167 

.050 

.668 

.3UO 

30.0 

! 

.140 

-044 

.700 

.3ZO 

31.3 

6 

.l»l 

■031 

-73' 

.334 

3».o 

7 

.098 

.036 

.763 

.351 

33.0 

S 

■«34 

.784 

.373 

3»-7 

9 

.oqo 

.033 

.810 

.33S 

35-7 

10 

.U84 

.030 

.£40 

.300 

35.8 

IS 

.063 

■OJS 

■945 

■375 

39.7 

M 

-OJJ 

■<W3 

1.060 

.460 

43.5 

«s 

.046 

.021 

I.I  JO 

.5*5 

tl 

y> 

.o«i 

.090 

l.»3o 

.noo 

35 

.03* 

.019 

(.330 

,fi6i 

SI. I 

40 

■03s 

.01  s 

1.400 

.730 

Si-S 

*  Foe  cofnplete  paper,  ohich  li  toll  of  Interciting  information  on  friciioa, 
•n  "M«Miireincni>  «( the  Friction  of  Lubricaltnc  Oils,"  by  C.  J.  H.  Woodbury, 
Tniw.  Am.  Soc.  M.  L.,  1664-85. 
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428.  Ttie  diagram  ii  capecutly  luetul  loaRiml  Mian  inilicwilaa  u  to  tilt 
compaixive  train  rctiMance  In  winicf  und  summrr,  »*  to  which  (here  in  no 
experimental  records.  Sinee  the  <jia|[riim  fixes,  «i  ll  were,  a  itupeiior  liitiil  tnr 
the  likdon  ot  railiOBd  journals,  we  might,  on  siudjriDy  It.  (lirly  draw  ifaree 
conclutions : 

I,  Since  (rictlon  can  in  no  caM  be  less  than  lero.  tbc*  rvpfewniinK  all 

pOMiblc  load*  on  railroad  journals  must  lie  In  the  n&rrow  tpoce  at  the  led  ot 

the  diagram  belween  the  lero  line  and  that  (or  40  il>B.  per  tquore  inch  prettate. 

which  )>  the  Uii  (Ivcn.     Tliit  me«n«  ibat  all  rail  way -journal  liktlon  oufbi  to 

.  lie  bcl>«ca  lhc«c  ntrruw  limits : 


Tcnpcfuiun  of  Cofffltteni  of 

joum»l  fiitlioii. 

.^'Fahrenheit o  to  .035 

loo'  Fahrenheit c  lo  .oiS 


PcunJi  per  len  inla 
rv*ifeLuic«, 


oio  7.0  Ibt. 
o  10  3  .*  tt>». 

Thl»  clotely  tormponcit  with  the  reBult  oX  all  the  latest  tews,  wbleb  show 
(lotn  )i  to  6  Iti*.  per  Ion  lesisianee. 

629.  -i.  Within  the  lemperaiure  limila  of  40*  and  lOO'.  the  edect  o(  Ibe 
bislKi  icmprixluic  It  to  decrcHKF  mDierlally.  and  of  the  lnwer  temperature  to 
increase  maierially,  the  aniounl  ot  Ions  by  tricllon.  At  40  lbs.  per  Kjuare  Inch 
the  (ticilon  Is  nearly  twice  a*  much  at  the  lower  lempeiatuic.  while  M  suit 
lower  ptc^Aiiires  of  1  to  10  lb*,  per  square  Inch  it  Is  from  three  to  lour  times  M 
much,  extending  the  itidicallons  ol  tlteio  tests  ti>  tbc  higher  pretsum  of  mil 
way  pntctkc.  we  miglit  expect  that  the  eUccl  ot  a  tall  ol  temperature  io  tl 
journals  (mm  im'.  which  we  may  call  an  nrenige  summer  temperature.  10  40' 
which  nc  may  mil  an  averaKe  winter  tcmjiefatute,  would  be  10  make  join nal 
Iriciion  in  summer  and  winter  railway  service  compare  somewhat  as  ft^lows: 

Loaded.  Baply. 

Summer,  as  shown  by  various  lesia.  f^ay 4  lb*.  A  lb*. 

Winter  <no[  directly  shown  by  any  tests),  say $)  to  6  lbs.        8  109  Ibf. 

630.  Whether  this  coTielution  be  true  ot  not  cannot  be  proven  by  direct 
evklence.  (or  lack  of  recorded  train  ie«i«tancc  tests  which  have  been  made  in 
cold  weather,  hut  the  circumstantial  evidence  that  some  cbant;e  ol  this  kind 
takes  place  Is  very  slri>n|[.  Amnnfi  such  evidence  i»  one  small  rtBCIIon  o(  the 
■cfle*  rA  test*  by  Mr,  Beauchamp  Tower,  above  alluded  to.  (01  determining  ibe 
effe«  o(  tempcrHiure  on  journal  friction.  The  l^i;idi  and  journal  speeds  in  this 
case  closely  parallele-l  railway  practice,  but  the  lubricttion  was  vaHly  more 
efflcirni.  being  by  a  (■aik  of  lard-oil.  Lard.oil  is  aflectrd  bv  temperature  inu<h 
as  are  ordinary  railroad  lubricants,  but  the  superior  meihoil  of  lubtlcaiion, 
to  oddltioo  to  giving  rates  o(  (rirtSon  which  are  far  below  ilie  possibilities  o( 
railway  practice,  would  be  likely  to  have  the  effect  o(  exaKReisiine  the 
benil^clal  eHrct  of  high  temperature,  since  the  more  perlcct  the  supply  0( 
oil.    tl>e  greater  might  be  expected  to   be  the  advaniaKes   of   great   fluldliy. 
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Kcwnheles*.  mnh  iteK  ftltowanm  TeRicmb«r«d,  some  of  Mr.  Toncr't 
•Milt*.  >«  »utnniAriivd  in  Table  I6j,  ate  very  tnstmcilrc.  TonattttnK  <»' 
tAcimliuf  [(kilon  into  pounds  per  ton  of  tfaln  roitiancr.  at  in  Fig  ijj, 
bt  muliiplvlns  litem  by  wo,  *ail  (lansUtm^  itir  j<)iiin»l*Bpe«ds  Into  lialn- 
t;t«<ls  by  ffiultiptylftjc  by  10  (ihcM'  mcthuiln  bcinj;  ■pproximslc  only,  but 
Mffiricnlly  exact),  ve  hare  in  Tulik  ib;  tome  vcty  deliiiiic  indicailoni  of  the 
(llf  I  (il  (rmpciitiUTc  on  lUle'frictKin. 

63ti  1'o  dnw  aay  pofiiire  o.>n<1usionB  from  tht)  table  we  mutl  make  a  eer- 

[jin  "Ktcmilic  use  of  the  imagination,"  by   makiiii;  ullovancc*  both  in  the 

lempeiatuie*   and   in  tbe  obictvcd  fdction  (or   ilic  iliRetencc  In  manner  »I 

hiliricjtioit.     At  lli<«e  ■llowancea  might  ot   mixhi  not  be  correct,  we  will  not 

•licinpt  UieRi;  but  il  tt  clear  that,  be  Ihc  allowuncos  thus  made  what  they  may. 

sheac  fenitii  sujipntt  tbe  ffenetaJ  eonclnsion  sirungly,  ih^i  the  cxieinal  Ltm- 

prriituir  o(  tbe  air  cnay  have  a  moti  Iraporlanl  Influence  mi  the  normal  rollinK- 

f  iKthm,  a5  ilv  experiments  by  Profruoi  Thur«liin  and  uihctk.     On  the  other 

banil,  there  are  many  cJiperliOFnis  which,  at  least  in  appcaiance,  woulij  lend 

I  conlrovrrt  Ibeae  conclui<lont,  (or  one  has  only  lo  look  long  enough  to  find 

rtr^ilntrnlal  rteordt  to  support  o(  c«ntrovtii  aImo«t  Mnyihlnx,     Hut  such  coii' 

tn»rrtinK  etrtdciKC  i«  la  this  cue  not  aliundiiiit.  nnr  til  the  hidhrtt  rlus,  and 

a   Reoetal   rule   the   appareot  discrepancies  all   mult  [rutn  two  apparent 

tnomaliei  whtch  are  in  no  respect  Inconaisteoi  niih  vrhai  has  preceded : 

I.  At  a  certain  icnperature  not  tar  above  too'  Fahr..  and  with  Bome  fluid 
Dilk  below  it,  the  law  cbaogn.  asd  tncTcaie  of  lempcraltire  cauies  «  rapid  ln> 
(rca*e  ol  mbunce. 

3.  Ai  v<t7  tlow  (peedt.  ctpeclalljr  when  eombioetl  with  very  biKh  presiwT««. 
he  law  often  changes,  anil  a  biKlirt  temperature  hiu  an  injurious  eflecl. 
Rppatcnily  became  a  certain  viscosity  a  n«(euaiy  for  efficient  lubrlcatMn 
under  such  c  IrcunttttnceK. 


Taiilk  I«3. 
ErrzcT  of  TEMfenATrtF  an  Jockkal  FdicrtoK. 

rpMdiKcd  Irsa  Icmi  ol  Buuthimp  Tower:  balb  Of  lard  oil;  lead,  leu  lb*,  per  Kg.  In.  (about 
Hut  of  an  CifiliRiir  OBptr  fmshior  p>atnal,)| 


f 

PoUHM  P»  Ton  «v  Tmik  RuiiT«iica  at  Snaut  in  Mti.n 
Piili  Hon  o»— 

rrain  speed. . 

Ai  t»*  ralir. 
Kite'Fahr.. 

g.8 

0.48 
t.13 

i3-a 

1.6S 

17.6 

0.70 

S.<i6 

31-9     1     36.3 

o.Bo        0.8a 
3.38         3.60 

35.1 

t.ot 

1.96 

39-S 

i.oa 

3-»9 

,   DIflcTeace.. 

0.70 

I.IO.. 

I.J6 

1.58     '    1.73 

l.qfi 

a. 04 
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633.  Zcfo  teinperxiurct  are  not  Uvflfite  onct  iat  dyn«i»o(il«rer  «ip«rl- 
menu,  bul  cipciicncc  in  the  runiiinK  ol  trains  in  winier  'ltd  lummer  in<lbKm 
In  ihc  motl  pmilivc  minner  Ihal  summer  trains  must  be  cm  down  hy  two  (o 
tuur  cjifs  in  winier.  or  uiy  to  to  t;  per  cent.  In  order  to  run  tbcm  nt  all.  This 
practice  ha*  (tot  tiet^me  univcis;il  without  lome  real  necenlly;  but  ll  li  mare 
difficult  to  account  (or  the  ncc«*ij(y  lh«a  is  generally  rcoliied,  lor  »otne  o4  Ih* 
explanation*  which  ate  given  irlll  certainly  not  hold  waior,  ■*  pointed  out  in 
par.  y^i.  Ii  neeil  only  be  add«il.  ihtti  the  Iom  by  ractiaiion  (rom  the  loco- 
motive will  hardly  explain  any  pait  ul  thit  need  lor  cutting  down  italni,  since 
lh<  'Irtlerrnce  bciwceo  winier  and  mmmer  temperntuies  It  a  tnuill  and  nnini- 
pottiint  one  lu  the  locomolive,  (huugh  »  very  impotlani  one  to  the  human 
Lody. 

633.  Let  u(  *ee  how  radical  Is  the  dlffereoce  In  It*  ellecl  ofl  them.  Th« 
human  boily  cxn  inanacc  >»  feutuin  for  a  thou  tini«  ■  lemperaiure  a(  My  40' 
belun  leru.  uc  138'  bfrlow  in  natural  tempcniiiire.  and  it  con  do  thli  only 
when  "  lagged  "  wlib  iklni  and  such  like,  lo  ihc  loil  degree  ol  perfcctioo,  at 
every  expoted  paiiiL  The  b<iitei  in  i>ub}t<teil  (u  an  cciuiilly  uiiptcaiani  ciiiemc 
o(  lempcraiare  when  ihe  external  tenipcraitire  is  jjo  —  138  =  su'  Fabrco- 
heil.  or  jiut  hut  vnougli  In  cause  wtiicr  to  Vuil  in  the  open  air.  To  get  a 
fait  parallel,  we  niuil  coniider  how  much  warmer  the  arerage  man  would  think 
It  wiih  the  temperature  140'  helovr  tcro  than  when  It  wa>  duwri  to  300'  below 
leru.  It  is  not  ptobaMc  Ih>ii  he  would  rind  thai  the  difference  was  o<  great 
ean*equence. 

To  be  «urr.  llic  flr<  Inside  the  boiler  Is  more  cfllcient  thio  (he  Br*  in«id« 
the  human  body,  but  the  demands  an  it  are  fcreaier  »r>d  the  difteience  cf 
wintet  and  summer  Ins.  The  avcra«e  winter  lemperaiure  of  Plitibursb.  tor 
clample,  In  ahniil  ■*,'■'  and  Ihe  overage  tummer  tempernlure  73  deitrcr*,  ao  ihal 
we  have  ai  the  dilTerrtice  between  the  in»ide  and  oulsidc  temperaiiue  of  tlw 
boiler— 

In  winter 3S0*  -  3S'  =  Jia' 

In  summer...' 3S<i'  -  7a*  =  «j8* 

Difference n'  54* 

or  about  tt  per  cent. 

Thlt  ditTercnre  i«  far  toft  small  lo  explain  the  ncceaaliy  [or  aay  material 
difference  in  winter  and  summer  loads.  AtMirninu  that  as  much  as  30  per  cent 
of  the  heai  generated  is  loil  by  exicrnjl  r^tlLilion.  which  Is  a  large  eKliniale. 
not  more  (hnn  t  pet  •'ent  dllTcrcdce  o(  load  could  be  acconalcd  lot  in  this  way. 

634.  We  seem  driven,  (hereloie.  at  a  net  result  uj  all  the  precedini;.  to  ibis 
lntere«ling  and  Impottant  conclusion,  id  directly  support  which  there  is,  at 
already  stated,  tittle  or  no  expeilmenul  evidence,  although  the  ciretimsiantial 
evidence  in  favor  of  it  is  very  strong  :  that  a  difference  in  Ihe  roll  tng-f  net  ion 
of  CATS  is  the  chief  reason  why  trains  ntittt  be  cm  dona  in  winter.    As  ifai* 
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iljr  raalts  frooi  diflerenoe  of  temperuure  of  the  journals,  and  thi*  okuiii 

radiMton  frotn  the  boxc*  ot  (h«  hcii  which  ihe  )outn«U  uic  ccinilanilv 

,  sad  ts  radUlien  can  b«  thickcd  by  i  vccy  tlixhi  covering  which 

I  liule  dead  air  around  a  hoi  metallic  surface,  we  have  In  these  fact* 

II4MW  wbKh  might  Ic-'d  to  ihe  imporunt  practical  c<>iiclu»ion  that  sotne 

P  ttlKhl  covering,  which  voutd  merely  check   radiation  tioim   the  journal- 

UiSt*  MMoeiihat,  mighl  hate  an  appreciable  cHeet  on  the  load*  nbkh  can  be 

tauted  ID  severe  cold  weaiher. 

630>  In  Ap^ndicea  A  and  R  will  be  found  further  and  more  deuiled  infor* 

L        BAiMMi  aa  10  the  lam  of  juurniil-iriciion.  and  eipecialt);  as  to  the  Important 

I        qaesdoii  of  iianing  trains.    The  normal  jouiiiAl-irlcilon.  tinder  (arorable  ton- 

diUoas.  aa  dcutintncd  In  variout  aerlei  of  Iriifl.  i«  siunmarized  tn  Appendbc 

It  aa  foltowa,  lor  velocities  greater  thAo  lo  mile*  pei  hour,  or  90  Jc.  per  minute, 

loaraal -speed: 

Lb«.  per  Inn. 

IBaanetunp  Towtr,  tiatholoil o.ajS 
'*              "       pod  or  siphon i.q 
Thtiftton.  Ushi  loads S.73 
heavy  loads , ,,.,     I,}) 
WeUiagton  (gravity  tests  of  cars  in  itrviec).  ligtii  loAda. .  •    6.4 
■'           "       beavjrlOMto..    3.9 
^h             "         direct  leMS  (as  shown  In  Appendia  B) J  ^'' 
Thunioa.  interior  oils  ("Friction  and  Lubricatioe, "p.  IJ3){  t'' 
Morin.  continuous  lubrication 6.i>  to  lo.S 
636.  The  greii  discrepancies  in  llioe  results  will  be  seen  to  point  directly 
to  one  cone lut ion— that  the  tharacier  and  ecmplneness  of  lubrication  lecms  10 
be  loimensely  more  iniporiani  than  the  Icind  n(  the  oil.  or  even  pressure  3nd 
tttnperature.  In  ailectinc  I't  eocflicieni  of  IrieiUio.     Mr.  Tower   found   that 
lubrieaiion  be  a  IkUh  {whethec  barely  touching  Ihe  aale  or  almost  surrounding 
ii>  was  from  ci-r  U  Un  Hnti  more  eCTeelive  In  reducing  friction  than  lubrication 
by  a  pad.     By  immersing  the  jniiinxl  in  a  baih  of  oil   Mr.  Tower  succeeded  in 
rrducinc  >he  coerlicbent  in  a  ijirge  niimbrr  «r  tests  10  as  low  a  point  as  o.ooi — 
^K  n^ivalenl  toonlyia  lb.  per  ton  of  tractive  resistance:  and  the  general  average 
^H  in  the  baih  (esiSi  under  all  vArleile*  of  load  aaA  speed,  is  given  ax  only  0.00139, 
^■•r  0.37S  tb-  per  ton.  aEainsl  '.'/'  >n  )■<};  lbs.   per   ton  wiih  tiphon  tubrli-jtlcir, 
^H  tir  pad  nailer  joamal.   These  results  are  very  fat  below  any  hereiolore  repotted. 
^B        637>  The  overmasierlng  eHeci  t>l  RiLnute  dlHcrences  in  the  condition  of  th« 
^H  lubficalion  was  curiuusly  shown  In  tno  ways  In  Tower's  experlmcnis  . 
^H        I.   ti  was  accidenialty  discnvereil  iHhc  wiih  liAih   tubtic^itiun  the  bearing  is 
^"  aanally  flnaiedooa  film  of  oil  between  the  lubricated  surfaces,  which  is  so  imly 
a  ftojd  Uial  il  <*ill  rise  through  a  bole  in  the  top  ot  the  bearing  in  a  continuous 
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sITcam  and  fxeX  >  prctsurc  ngalmi  a  snuffe  equal  lu  idotc  Iban  twk*  tfw 
arctaice  prasure  per  squnre  Inch  on  (he  li«i[ini{.  This  i»  prKiKlj  (that  lh«*irr 
would  Tcquifc  11  the  lubricant  were  a  prrfcci  fluiil. 

3.  Towel's  apparatus  required  that  the  journal  thould  be  rerolv«d  flru  oa« 
way  anil  then  the  other.  It  wai  found  that  the  fnction  <rat  alwajri  grtator 
when  the  direction  of  tnotioo  wa»  flrtt  (cveticd.  The  Incrt^ie  varied  coosid- 
embljr  with  tlie  newnee*  of  the  journal  "  Its  greuest  otaerved  amount  was  u 
MBrltng.  and  wia  atmost  twice  the  noni!n«l  friction,  ani!  It  gradually  dimint»h«<l 
until  the  normal  trictlon  wa*  reacbed.  after  alioui  ten  niiiiui«'  conlinuout  run- 
ning Thid  increase  of  friction  wa»  accompanied  Iiji  a  itrong  tendency  lo  heat, 
even  under  a  moderate  load.  In  the  caie  of  one  bran  which  had  worked  (o«  a 
coniiderable  lime  it  a1m<ni  entirety  diMppcared."  It  is  with  apparent  justice 
eoncludoil  that  the  phcnoffleiion  mutt  be  due  to  the  intcrlvckini;.  point  to  point, 
of  the  surface  Hlircs  after  having  been  for  some  time  iirolced  in  one  diftciton. 

639i  li  appear*  not  impossible,  theicfore,  (hat  a  ireai  further  reduction  in 
Ihe  axle-fficlion  of  trains,  ax  welt  a»  a  u'eal  savinK  ol  oil.  may  re»ull.  within 
a  few  Tears,  (rom  Ihe  adoption  ol  something  better  than  Ihe  crude  and  wast, 
»xle  box  which  X*  now  comman.     The  objection*  to  it  are  : 

1.  It  leaks  baJlr  at  the  back,  around  the  axle,  letting  oil  out  and  grii 
Therefore — 

3,  The  oil  has  to  be  Ircquenilj  renewed,  requiring  a  loose  lid  in  (raat,  (i 
which  more  oil  escape)  and  mixe  jcrit  sets  in. 

From  this  it  very  naturally  reiults  that  in  spite  of  the  large  expense  of  aboai 
a  cent  per  train, mile  ITable  tS)  for  oil  there  1*  often  very  Iiitle  oi  it  where  it  it 
wanted,  and  that  diriy  and  Rtiity  -.  while,  on  the  other  hand,  the  tiet  and  road* 
bed  are  saturated  wiifa  it  from  one  end  of  the  United  States  lo  ilie  Mber. 

439,  In  Figs.    i;o-t5i)  \i  shown    a  French  i>il-b<»i    which  obviate*  manr 
of  (hcK  objirctiuiiii  and  h-i'  made  (he  very  remarkable  record    giien  below. 
The  Oectnans   have  siniiUt  oil-boxes  in  exiensivc  tt»c.     The  oil  leten'oir 
entirely  below  ilie  axle,  so  that  oil  cannot  escape,  and  it  i%  supplied  to  the  be. 
ing  by  a  pad  led  by  wicks.     Coutd  an  oil-tight  stuffing-box  be  ased  at  the  back 
of  the  box.  and  the  box  be  kept  completely  full  of  oil.  it  is  more  ihao  proba' 
ihat  even  greater  reduciion  of  axle-(rJction  and  wa»ie  of  oil  would  follow. 

The  luitf  r  hatl  n\  these  buxc^  i«  furnished  inside  with  a  partially  boniont. 
diaphragm  in  the  portion  toward  the  wheel,  for  the  purpose  of  preveniini:  tbe 
(ureing  out  of  the  oil  by  violent  side  blows,.  They  have  proved  so  efficiei 
Ibat  the  coiisurnplion  of  oil  has  fallen  trom  S.J  otiaccs  per  looonilei  to  1< 
than  one  fourth  that  amount  (ji.ij  gtamnies  per  tooo  kllomiirei  to  ^.q})— a 
moist  remaikablc  showing,  and  a  marvellous  contrast  to  the  lesulu  obtained 
here.  The  duH  guard  it  formed  of  live  to  six  thicknesses  ol  fluffy  woollen 
eiotb,  held  between  two  leather  diaphragms  by  screws  like  Ibost  used  lor 
shoe  soles.    The  dlaphtagtn*  aie  in  halves,  and  arc  pressed  tip  against  ibc 
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ttlf  \rf  nv<l  tprings  tchiixl  ibem.  and  the  leaihert  on  opposite  sidt*  of  Mch 
Uf  diifihra(m  breik  ioini*  with  ihMc  un  ih«  other  half. 

The  o4UnK  cnihion  io  this  box  bas  its  oUins  plush  firmly  uck«d  lo  »  beecb 


y — •*"-i.^_._. 


Fl«»  ijC-iH-— Stahoami  loumiAi^MX  Of  mir  K^niii  Railwjit  or  Fiuhoi. 
Nock.  an>t  io  ttti*  pluib  ate  (aliened  ticveral  htile  lafu  projeciing  above  lu 
turfw  and  keeping  (he  plush  from  mitlini:  duirn  by  loci  haul  prcttmc  a.|;«init 
the  journil       The  ptush  U  of  inKil  nilh  ■  l«ng  lilkjr  WMp. 

£40.  Tl'^  Imporuni  question  of  ihc  com paraiive resistances  in  sun- 

ig  trains  is  (Ii4cus*c<1  «o  fully  in  Appendices  A  nnd  H  that  it  apptutn  un- 

■■  rcfitwrytn  devote  space  to  a  repetition  of  the  fame  matter  here.     Vxotn 

all  the  fiicts  there  given  the  foHowiiiti  conclusions  may,  it  is  bel»c\'cd,  ba 
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I.  Tti«  reiistunce  at  the  bcKinnioft  o(  motion  in  each  journal  it  i 
(k3  before  sUicd}  <o  nbout  lo  lb».  per  ton,  or  aay  ■  j  lbs.  per  ton  over  the 
■verage  Iriction  in  motion.     Except,  therefore,  for  the  eitisltcity  of  tlic 
fiprtogg  or  ilic  equivalent  cRect  of  the  "  sUcti "  which  always  exists  lo 
freight  trains,  enabling  the  cars  to  be  set  in  motion  one  at  a  lime,  mic 
trains  as  arc  usually  liaulcd  cnulH  not  be  stiined  at  all  b>-  tlic  loeoimif 

;.  A  velocity  of  o,;  tn  3  miles  per  hour.  or.  a»  an  average,  :  mile*  | 
h'lUT.  must  be  iitLiiiied  before  the  journal' friciion  falls  to  10  lb«.  per  toil 
or  s  lliis.  above  the  uvcragc  motion. 

The  avcraije  during  tbis  jjcriotl  may  be  taken  at  12  lb*,  per  ton. 

3.  At  6  miles  per  huur  the  journal- friction  is  at  lea*t  t  Ilk  per  too 
higher  than  at  u.iual  workiiifc  speeds.  The  average  jourmil-fttnion  be- 
t«eeii  1  und  6  miles  per  hour  niuy  be  t^tken  ui  at  least  i}  if  not  3  lbs. 
per  ton  liif[ber  than  the  normal. 

4.  During;  the  period  of  getting  up  speed,  the  normal  law  of  accelera- 
tion  of  velocity  is  so  interfered  with  by  the  varying  coefficient  ol  frlctln 
that  the  velocity  attained  at  any  given  point  may  be  rudely  taken 
directly  proportional  to  the  distance  run,  so  that  the  increase  of  velocii] 
WDutd  be  more  correctly  represented  gr.iplncally  by  a  right  line  tliiin  by 
the  parjbulu  tangent  to  the  horizontal  line  of  norniaJ  velocity  in  nvotion 
which  tlicor>-  tequircs. 

641.  Assuming  these  (acts,  we  having  the  following  conditions  ini 
(rcighi  train  which  is  so  heavily  loaded  that  it  may  be  assumed  to  have 
10  run  3340  tt..  or  t  of  a  mile,  lu  ucquirc  a  velocity  of  io  miles  per  hour. 

1.  The  average  velocity  will  be  under  5  milea  per  liout  and  the  time 
occupi'-d  over  7.6  minutes.  ^k 

2.  The  mctcased  tractive  force  needed  merely  to  accelerate  the  speeoS 
will  be  I  lbs.  per  ton :  since  communicating  that  velocity  is  equivaleni 
<Tablc  iiS)  to  lifting  the  train  thiou^jh  3.J4  ft.  vertically,  and  /^=o.io 
per  cent  grade  =  a  resistance  of  3  lbs.  per  ion. 

y  Tor  the  first  one-fifth  of  this  distance,  or  668  ft,,  the  total  demand 
tipon  the  tmciivc  power  is — 
2  lbs.  per  ton  for  acceleration. 
13  lbs.  per  ton  (or  cittra  rolling- friction. 

<4  lb».  total  adiiitional  tractive  resistance,  equal  to  a  grade  of  0.70^  "^^ 

37  (t.  per  mile.  ^| 

J.  Fur  the  next  1336  (t.  the  total  demand  upon  the  tractive  power  ii^^ 

similarly  found  to  be  4.5  to  $  lbs.  per  ton  over  the  normal,  equivalent  to 

the  effect  of  a  ail  J  100.3$  per  cent  grade,  or  ta  to  13  ft.  per  mile. 
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443>  ThMC  grad«s,  therefore,  rcpnrscnt  the  reduction  at  siatloiU  or 
«no(iiti^-p!iK;cx  which  it  Ik  cn>entiiil  ti>  nmkc  ti> fully  and  ceru inly  cquat- 
uc  tlic  drinamls  upon  the  tractive  poncer  of  loc-umiHivi-s  while  In  motion 
asiA  when  gctthiK  under  vtajr.  Tlie  f;ia  tli:it  such  heavy  tcduction  o( 
grade  at  xtuttonH  may  be  said  never  to  exist,  while  yet  such  heavy  trains 
^re  biiuled.  is  dtie  in  (lan  lu  the  use  of  sand  in  starrini;.  in  piirr  lo  the 
Kmier  ttariiug  traction  which  is  realized  in  priiciice  from  tlic  same 
nvcrafte  rylioderpresatire  (sec  end  of  Appendix  Bj.and  in  part  to  the  fact 
t^iitt  the  full  Hilhesion  of  the  locomotive  is  not  used  up  on  the  open  road 
(|Mr.  5S7).  To  utitixe  to  tlie  ninioit  the  power  ol  locomuli\'cs.  and  to 
nuke  llic  h4ul'nK  of  hcaiy  trains  cnsy.  such  rcdtiaions  arc  tlic  firrt 
ihing  which  should  tic  .-itiai<]e<I  to  in  laying  out  a  new  road  or  in  improv- 
ing an  old  o<ic. 

Whrrevcr povtible  the  reduction  o[  gnule  ainationR  thould  he  liheral, 
(in^'r  there  is  in  noca.ic  danjcci  of  liaviii};  it  too  K'e-U  for  coni-enicnce. 
On  tl>c  other  tuind.  when  ilic  lower  (;railca  at  iitaiionti  arc  only  obtainable 
at  ilie  ccTlain  co«t  of  hiifher  griKks  belu-een  station*.  llicn  it  becomes 
necessary  to  be  more  cautious,  aiibough  the  lendcncy  will  always  be  to 
linve  the  starting;  rcsisianccs  Ihc  true  limiting  cause. 

643.  n^tet  */  5/-V  e/  Whtel  and  7<«(fi«.i/.— Thcorciically.  ihe  less 
liie  diameter  of  the  journal  and  the  larger  ihc  diameter  of  the  wheel  the 
lew  die  azle-friction.  The  iiandiird  diameter  of  car-wheels  in  America 
it  33  inches,  withn  verj-  few  only  (chiefly  on  the  Baltimore  &  Ohio  lines) 
4(30  inebec.  and  with  a  mill  nmnllcr  but  increasing  number  of  4l'incli 
wheels  in  passcngercar  *ervicc.  The  weight  of  Ihc  latter  is  more  than 
double  tliat  of  jj-inch  wliecl*  (say  iioo  lbs.  against  550.  as  an  average) 
anil  their  primary  purpose  i:i  to  promote  ea«y  riding  of  cars. 

The  Master  Car-Builders'  Association  standard  journal  is  jj  x  7 
Inches,  giviftg  a  nominal  Dear ing>S'irf ace  (tlie  horizontal  mid-section)  of 
)61  sq.  In.  A  very  few  4  x  8-inch  journals.  KivinK  32  sq.  in.  bearing,  are 
h  use  (or  car*  carrying  very  heavy  loads,  and  a  very  ianje  but  decrctudng 
Bum bcf  smaller,  down  to  as  small  as  3}  x  6.  giving  19.$  sq.  in.  of  bcarinK- 

The  maximum  lotuis  which  are  carried  in  practice  on  these  journ;ilx. 


•jJMHIIlie    E4}^Uk  l^il    \.iu.    *\l 

«jr     IJC    C»4JI]IAl^nj    AH 

I^IM^n^  . 

I«t1»MI- 

Sqiun  Inche*  Ar«a. 

MrnxLtnum  IjfuO- 

In^h. 

JJ       X  8  =  156 
36i    X  S  ^  aio 
>9.S  X  «  =  iM 
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As  an  average  of  the  entire  service  of  the  car  i)um  loads  wfl*  hsrdi 
in  any  ca^c  exceed  300  lbs.  per  sq.  In.,  but  thry  will  often  run  ufi  to 
lbs.  This  pressure,  hon'cvcr,  is  very  ucicqually  distributed,  being  grcut- 
e»t  (sboiii  tnicc  the  averse)  at  the  lop  of  the  jotirnal  and  running  <k>«ra 
to  nothing  at  tbc  fides.  The  bearing,  in  tact,  for  this  and  other  gooJ 
rcuon*.  is  never  mnde  to  caver  the  whole  semicircular  top  of  the  jour- 
nal. For  example  there  arc  only  2i.<)4  »q.  in.  of  bearing-surface  in  the 
American  standartl  journal •bciiring  aguinst  2&t  sq,  in.  in  the  section 
*4ic  journal  itself. 

644.  The  only  purpose  in  increasing  the  sixc  of  the  journal  is  to  1 


CcninolAxJe.  (The  nutibnl  axle  dllbrs 
■  link  Irijni  ihu.  uperlag  matt  toward 
lb«  onm.) 

J<>urMal-bcn. 
Jouniiil-boi  lid. 


ejvrood,  ]«i:brr.  or  Tuk^niitd  Abiv.  vrtiKb  it  Kl'pikfil  11^  1     1:.  .  1. .'  r  thmuch  :.  ttci  ir  (h«  <■ 
\titi  erHiTiov«o  in  th«<tti  <ifl  which  ittprfl  it  it  incorrect  1,  ^hhI  ...i  ..uLtitn  the  «afr  proitcii. . 
i^nit  ilic  oupt  of  oil  11  ihc  btclL  Tlic  lul  frcclr  ctcaiKi  ihtuuiili  iliit  ituti  irvard  and  it  hiH 
4lf-iiTi4d  0^1  n  f ic  t<lo*r  ttit  tivctol  tht  voiler  hi<1<  c>t  xhe  ulc  tfi:il  iU<n  it  Bir>  norv  6o«icap«-) 

minish  the  pressure  per  sq.  in.  so  as  to  prevent  heatini;.     ExperieBCv  has 
iunply  shown  this  to  be  necessary,  with  such  lubricaiioa  as  is  Utatite^n 
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Amcfica.  because,  aUhougb  99  per  cent  of  ilic  c^r  iniicajre  may  be  said 
Uj  be  m^dc  with  journals  in  good  order,  und  in  (act  wiih  «urfacc«  in  x 
hi(!h  stale  of  perfection,  yet  the  inconvenience  and  danner  renultine  from 
po«stble  heuting  of  the  reniainin^;  ""e  per  cciit  i$  the  imponuiit  thin);  Uk 
ubviaie.  In  France  and  Uermany.  where  much  more  carefully  caa- 
ntucied  axle-boxes,  iniuring  far  more  tellable  lubrication,  are  in  u*e 
Uan  here,  ju  sbinrn  in  Fig3.  15610  159.  far  higher  pressureaaretikewbe 
In  UK.  without  evil  results,  up  to  fully  double  American  practice,  and  with 
great  economy  ol  Ivibncants  :  but  the  etude  form  of  axle-box  usual  in 
this  country,  shown  in  Fig.  160.  permiis  fully  nini-  tenths  of  the  oil  $up< 
plied  to  the  journal  to  drip  out  upon  the  track  befoic  it  has  done  tnucb 
wrvice, 

84*.  The  coefficient  of  train  resistance  due  10  axle-Mciion 
oocff.  of  frlc.  X  diam.  of  «xlc  ,        „.       ,  ,        ^    ,  , 

■= dUm.ofwheci <"*  *^'«-  '^'>-  "^^  *'"*  "^  "^  °'  ==** 

K  journal  train  resiatsnce  in  lbs.  per  ton.  With  the  same  axle,  therefore. 
hf  increasing  the  diameter  of  llic  wliecl 
from  33  to  41  in.  we  should  decrease 
axie-lriction  to  ;  j  ol  its  former  amount, 
or  about  (.  With  ttic  same  wlieet,  the 
'  oompjraiive  axlefilction  is  directly  as 
the  il'amcter  of  the  journal. 

6M.  If  the  average  joumal-diciion 
\a  motiijn  l)e  taken  ai  4  lbs.  per  ion.  the  *""" 
larger  wheels,  therefore,  will  save  about 
0.8  lb.  per  loci  of  Tolling-friCTion.  but  they  will  add  possibly  10  per  cent 
\n  the  weight  of  the  car.  and  therefore  to  graiJe  resistance.  Hence., 
wherever  the  grade  resistance  exceeds  about  S  lbs.  per  ton  (=  that  on  a. 
04  percent  grade;  ii  feet  pwniilc),  thr  use  of  4:-inch  wheels  is  a  losing 
upctation.  so  far  a«  mere  train  resistance  in  motion  is  concerned,  but 
there  itill  remains  as  .1  net  g.nin  tiie  improvement  in  riding  qualities  oC 
the  cars  and  in  case  of  starting— both  very  important  gains. 


J^Wi^^we-, 


F.o.  ibi. 


647<  ^tany  cltcumtiance*  indicate  thai  the  rolling-friction  proper,  beoreen 
ihe  rail  and  whol.  i*  an  clemrnt  nl  cnnniderjible  impdriaiirr  in  ilie  atlKxcale- 
of  the  so-<alled  "  lollinK  friction."  One  ii  Ihe  known  and  ereat  elirci  of  tbe 
<ondlik>n  of  the  track  on  the  resistance.  It  ii  probably  largely  due  to  thik 
raaiv  thai  modern  deierrainatlnns  of  rollinK-friclion.  both  In  thi»  country  ami. 
•broad,  are  lO  much  below  what  was  formerly  the  assumed  average.  Another 
is  tbe  ordinarily  very  perfect  condilton  of  railnay  journals  and  ihe  ver>'  low  ro- 
(A<,lent*  wliKh  have  Ixen  oblalned  by  Thuislon,  Towet,  aod  others  for  joutnaU- 
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friction  proper,  m  Above  given.  Another  i«  the  high  iraviive  coefficienu  ■>( 
wheeled  vehiclei  witb  very  tniati  axlc«  aad  very  Urge  »hc«la  <i'<  (be  moit  pei- 
frci  roadn.  On  the  olbut  b>nil.  (he  cloie  correspondence  o(  lh«  law*  of  v*(U- 
lion  til  tolllnc  and  Joiuiul  friction,  (ogelher  iritli  ilie  U«*  o(  vuiatlon  in  ^ur 
B*l-lricti>n  only.  Mem  lo  indicate  quite  (be  contrary.  Tbua.  Is  both  caact,  ■« 
the  lotul  or  the  velocity  decreaies  the  coefficient  kA  leaiatanoe  increuM,  tsA  at 
About  ihe  MfTie  mlea  (tee  Appendix  B). 

648.  A  pl:,u»lb!c  ariiumeni  may  be  made  to  ahow  thai  no  theoretical  lou 
whalcvet  OMU  Irom  Ihe  comprcuion  of  a  perfectly  claiiic  tubtunce.  aiKb  m 

a  rail  may  be  at .lumetl  to  be.  and  to  a  great 
extent  the  perinea  .nl  way  a>  a  whole,  under  a 
rolling  load.  In  Fig.  1A3,  the  comprcukxi  af 
any  point  of  (h«  auifacc*  in  contac(,  wher- 
ever rt  may  be.  i*  proportional  to  ordiulea 
Irom  ihcline  CCto  the  periphery  <A  the  obec! 
P.  The  elastic  tevlscanee  ia  in  proportion  to 
these  ordinaics,  and  the  leoi tegmenta  FF 
repieient  in  nugrKinde  and  poiiiton  the  total 
.lastic  forces  operating  10  retard  and  lu  accelerate.  The  lenllanl*  R  and  K 
<'F  theae  par. ltd  (orcei  must  pau  through  the  centre  of  gravity  of  theae  •eist- 
f  e^'.irma  ^  and  /^,  and  rnuat  each  be  equal  to  half  ihc  toialload  rruingonth* 
wheel.  It  app«at«  to  follow  clearly  from  the  figure  that  the  moment*  of  the»e 
aucelcrallng  and  retarding  (orcet  are  equal.  >o  that  ihey  neuiratue  ciich  other. 

The  error  in  thii  reatonlttg  la  In  pad  that  at  hlttb  ipecd*  the  elemeot  of 
TiHH  come*  in  to  modity  tlir  elastic  reai*tanceii.  Increasing  thai  in  front  of  il<e 
Khecl  because  It  mutt  be  »el  in  niuiiun.  and  decreasing  that  behind  the  wheel 
because  the  clAstic  reaiaiancc  requires  time  to  act,  and  hence  cannot  follow  up 
ibe  wheel  with  its  full  force.  In  part  the  error  ia  that  any  Irregularity  of  sur. 
face  eaauea  an  irregularity  of  molioa  which  la  known  to  very  terioutly  aSect 
tiolh  wear  aad  tear  and  friction. 

Any  allerapl  to  dclcrrnino  thoorvtically  the  amount  m  well  at  the  nature  of 
thit  loM  would,  of  CDune.  be  impracticable. 

649.  TIic  itoik  lit  Jotef  Groisman.  Engineer  of  the  Austrian  Koithwesleta 
Itatltoad.  on  "  LubricatiiiK  Materials  and  Melais  for  Bearingi"  (Wictbaden, 
16S5).  treat!  i»  tubject  with  a  good  deal  of  elaboration,  hittorirally  and  ana. 
lyticaliy.  and  among  other  mailer*  dlactiSMs  ijuiie  fully  the  queation  of  train 
Tetisiante.  allhouich  not  always  with  correctnm  and  good  judgment.  His 
Tcsutta  Indicate,  however,  that  the  axle-fticiloa  la  at  any  tale  a  rery  ttnall 
element.  In  this  connection  he  cites  a  remarkable  result  of  some  Bavarian 
ciperiineBts,  in  which  by  greasing  the  rails  on  the  curve  of  Ico  metres  (337  ft-) 
rsdlM  a  reduction  of  Ihe  toiat  curve  retiitances  of  q6  per  cent  was  aiuioed :  bt 
per  cent  of  the  total  resistance  due  to  the  curve  dlaappcarlng  when   the  inntr 
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tifiaiihiK  hTiitl  of  the  outer  rail  wu  greiLMd,  ud  31  percent  more  when  lli« 
Mbe«  rail  or**  grcAwd, 

Tb«  Mriklflf  corrctpoadcnce  of  ihe«e  cxpprlmFnul  results  with  ihoK  •te- 
<K«4  thcorelkally  in  pan.  301-J30  <i  11^.  Ii  nuuble. 


r 


I 

I 

I 


tiiE  vrt.ocirv  kesistances. 

660.  The  best  eviikncp  thiil  we  liavc  warranu  the  sUI  but  universal 
aasuniption  that  train  rcriiMiiiKC  varies  as  the  «)uare  of  the  velocity,  or 
that  lu  equation  U  ol  the  form 

R  =s/(-«  +  €. 

Thli  is  Mil!  merely  assumpiion,  not  only  iM  rcs^wrtt  train  iTsi*unoe  U 
awhok,  but  as  ie(|Kct«  cadi  i«puruir  conntitiicnt  ckmeni.  Air  rctiitancc 
lot  example,  i*  knciwn  by  otNitrt'iilionx  on  prujeciilus  to  vary  more  rcarljr 
M  the  cube  of  tlic  vclocily.  wlien  the  latter  is  very  's.tt^A',  but  at  all  ordi- 
n«ry  velocities  it  apiiearv  to  vary  very  nearly  as  the  square  and  as  r^ 
spects  (iM;ilUt»ry  rc»isianL'c.  wc  know  Absolutely  that  ibe  ■iniount  of  de 
siruaive  work  lor  ol  any  other  kind  of  nork)  which  a  train  is  capable  ol 
doing  either  l>y  a  dead  or  glancing  blow,  is  directly  as  the  iquace  ol  tlie 
itlocity.  Thae  two  elements  coiiMiluting  together  the  ordinary  "  ve- 
locity resixtance,"  it  i.i  but  natural  to  conclude  that  the  agn^regate  also 
nr>c«  as  the  M|uare  of  the  velocity,  and  all  but  certain  ihat  it  docs,  al- 
tbouKh  it  may  very  easily  be  as  v**.  or  t-*'.  or  even  »*■*.  or  may  Auctuato 
between  ihese  power>i  at  various  speeds  or  according  to  circum«ianceB. 
There  have  l>een  various  (r>rinula:  pui  forxh,  and  some  of  them  on  vcr^ 
htgh  auth<!riiy.  riiltcring  widely  from  this  form,  some  of  them  giving  tltc 
velocity  retiistance  directly  as  v.  and  others  (only  one  of  which  is  known 
to  the  writer)  as  «/*,  but  hoth  of  these  assumptions  lead  to  atourd  results 
when  extended  to  very  high  speeds,  anil  arc  unquestionably  erroneous. 

65l>  One  lniiun<'e  of  ih<r  lomi«r  [a*  rcspccu  ihe  train  behind  the  enfine)l> 
pven  in  par,  U'i.  Onihvoiher  hHnd.  a  (oimiilxdrdui'cd  from  Davarian  experi- 
inent*  in  i8;6.  vn  a  laree  and  costly  scale,  reponed  by  the  late  Baron  von 
Wcbrr  in  ■  moiewhal  informal  p^per.*  ted  10  the  tnoH  abmrd  reiu!i*.  not 
ixcemary  10  d^ail  here. 

6&2.  A.<  a  rule.  00  attempt  ii  niiitle  in  train- res ixt.-i nee  fnrmu(.-i-  to 
vpar^tc  the  afCKrqpiie  \'e)ocity  re:ti»tancc  into  itx  constituent  clement*, 
ahhou^h  in  Mine  case*  they  are  in  such  fonn  as  to  auerl  or  imp?y  that 
llic  I'clodty  resistance  is  either  all  oscillator}'  or  all  atmosplicnt.  A 
formula  devised  by  Mr.  Wni.  H.  Searlcs,  which  has  been  adopted  .'is  the 


Sl8      CHAP.  Xllt.—  TfiAiM  /thSlSTAlUCE—HlGU  SPEED. 


bosix  lor  the  compuiationx  of  this  volume  oa  hiivin^;  ii  truly  wonderful 
range  of  a]>phcaiion  to  all  itpeeda.  conditions,  and  cluMCs  of  tniini.  cvrn 
if  it  \%  not  precbcly  corrrci,  is  open  to  the  mle  icrioun  (>b>4;cti<}n  (anil 
that  chiefly  tlicuretic.-il)  Ihiil  it  in  cllcci  ujsumo  all  velocity  ra^ixiiiiirc  to 
((c  o<d)Iator>'.  or  uni(i>rm  per  ton.  rc-i;a"ll«»'  of  the  form  of  ili«  cars  |we 
pars.  657-8);  whik.  on  the  other  tuncl.  formulic  propo«erl  liy  Mr  O, 
<'hannle  (in  HaswcU's  '■  Pocket- Book  "t  nrc  <Ji«inrtly  hantA  on  ihc 
iMsutnption  tliat  the  velocity  rcxistancc  18  wholly  aimosphctic.  Itoih 
of  the.tc  ii:^sumpiion«  arn  iinqiicsiionably  erroneous,  although  which  b 
mini  so  mixH  rFniiiin  (l'>iil)ifiil. 

6M.  The  writer  hascondocied  the  only  tests  as  yet  made,  and  known 
to  him.  which  havr  been  distinctly  directed  to  ibe  end  of  detcnnming 
the  amount  of  each  clement  of  train  TCiistnncc  Kcparaicly.  and  (twJnf;  10 
tlie  <lclicucy  of  the  iippuratiix  by  which  they  were  made,  and  the  ^'Xtrcwnc 
caie  ti»cd  in  cumputinK  them,  he  btflicvcn  them  (with  perhaps  a  rauiral 
l)iai)  to  be  Mill  the  moat  imsiworiliy  ir<lication  in  thai  respect.  These 
txijcrimcnis  are  (jivcn  in  full  in  A|i|n;ntlix  A.  anrt  lltwr  ycm-ral  tciuits  arr 
shown  gfaphicallj-  in  rijf.  163.  tlicir  most  nriking  feature  being  perhaps 
the  positive  cvidenoc  ili.ii  atmosplietic  resistance  is  at  least  a  less  pro- 
portion of  the:  velocity  rc«is>nnc«  than  is  commnniv  a-<iunicd,  and  thai 
tlie  resistance  arising  from  (isrilhition  am!  concussion,  whatever  its  esacr 
cause  and  nature,  i*  h  materially  more  important  clement. 

654.  Nevertheless,  there  i»  a  (airt  tcnilinn  to  disprove  tlwsc  conclu- 
«ion*,  viz..  the  cnormoualy  Kf<-'aler  indicated  power  of  locomotives  M 
4ii(rh  speeds  itian  that  ir.mimiited  backw^ird  to  t]ie  train  n.i  determined 
by  a  dynamometer.  Table  i64give»  one  record  tUuMnitinKtbis  fact— a 
eesl  trtp  of  a  last  express  ttam  on  tlie  New  York  Central  &  Mudion  Kiver 
Hailroad.  inailc  by  Mr,  P.  H.  Dudley,  in  nhicli  it  will  be  seen  that  i.nly 
.•uime  45  per  tent  of  the  indicated  power  passed  back  of  the  dtnumomc* 
ter  car  to  the  train  at  53  mile.-,  per  hour.  Fin*.  164.  165.  Kivinj;  the  re- 
sults of  sonic  clabotMte  Fnvtch  ictt^.  sJiov  a  still  higher  proportion  of  en- 
gine-friction.  Other  tests  of  the  kind  show,  according  lo  the  speed,  from 
40  to  75  per  cent.  The  whole  subjc«  Is  still  involved  in  much  obscurity 
and  doubt,  but  Pif|[S.  164.  16;  and  Tabic  165  will  illustrate  how  very  tni- 
poitant  an  element  the  head  resistance  is  at  high  speeds. 

M*.  According  to  the  best  evidences  which  the  writer  lias 
been  able  to  secure,  the  ordinary  working  M.txiMCM  of  train  re- 
sistance, under  somewhat  adverse  conditions  as  respects  n-ind 
And  surfacing  of  truck  and  rail,  may  l>c  considered  to  be  not  un- 
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CooduaM  t>y  A.  M.  W'clli 
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D.  K.  Clnlc^  hmnuli,  ilioini  tifrwra.  Is  one  of  [he  oldest  and  Ust 
BodoB  i«>n  Mdlow  tiMi  ii  b  tar  MO  hick  ai  kn*  qiecdi,  and  -n  (he  vh 
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M*.  At  Cwvaustk  Oan, 

Hiyv  tolvatdMM  in  ApptndlS  A.) 
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Table  164. 
Train  Resistancs  of  Heavy  and  Fast  Passsngkr  Trains. 


Wbicht  or  Tkaih, 

ITnginr  00  driven —  -.-.-.-.-....-.-  -.,--,.    74.0 

~'       00  Imck..... -..-....-.... la.o 


Tons.  1 


Tender 

Thne  day-coichee  . . 
.  Slc  ileepinc-coachei - 


6s. 
IBs 


36. D 


Train  aurt«d  frooa  a 
itatc  of  rcu.    Averan 

ipevd  In  motjon,  51  aiiLe* 
per  hour.  Slight  uodu- 
latinif  grade  of  t  ta  13 
ft.  per  mile,  the  efTect 
of  which  iAcojTccied  be- 
Jqv. 


Tout  weight  of  train 313 

17  V  34  American  engine.    6  ft.  driiren,  135  lbs.  tteam  pressure. 

(Deduced  from  records  af  draamometer  tesu  by  P.  H.  Dudley  00  New  VorkCenUral  A  HudBOD 
RiTcr  Riilrcod,  Rcpl.  Am,  Ry.  M.  M.  Assoc.,  e{I8>«  p,  137.] 


A(er- 

Arer- 

ne 

Speed. 

Vel.- 

Head 

(Table 

i.B). 

Woli 

repie- 
■ented 

by 
Speed. 
Vert.  ft. 

Grade. 

Dyo, 
Work 

on 
Train. 

Ven.  h. 

Da.  ± 
Effect 

of 
Grade. 

Ven,  ft. 

Do.  ± 
Effect 

of 
Speed. 
Vert.  ft. 

Aver- 
age! 
Ven.  ft. 
Per 
Mile. 

EQULVALKhT 

Rhsistakcb. 

Grade 
p.  c. 

Ltn. 
P-  ton. 

9 

•<>.6a 
38.51 

IJ.SO 
S3.  ID 

-f 15.30 
+36.90 

+  S-JS 

48.33 

40. OJ 

48.33 
45  31 

'\% 

3 
4 

*3  90 
47.31 

68. 4> 
79  57 
01.3; 
8«  31 
91  "i 
90  Ji 

--16.33 

-11   IS 

+  S  55 

3S  !3 

31.81 

40.78 
3.. 81 

34-46 
3S.66 

ao  73 

-393 

7.86 

JO. 50 

49.31 

JO. JO 
i3    fc 

+11. 6S 
-  4  93 
-f  493 
+  8.06 

—  13  0 
+t8.o 
+  '3-0 

39.74 
30.57 
18.93 
16.44 

>9-74 
'7  S7 
46.93 
39-44 

18.06 
ris.50 
4>  99 
31  38 

j>  56 

-437 

S.56 

9       1     iJT"  '   103.38 

10  \       S3-  10         96.30 

11  1     ji.Sq  ,     w  3' 

+  3  07 
—  6.01 
+    I.9S 

+  9.0 
+  S-o 

3J,r3 

'3-SS 
'3  3! 
as. 61 
34  j8 

9S.AJ 

96. Ss 

36.60 

3;.  13 
38.  S5 
'35! 
33  61 
=4  78 

3S    61 

16-85 
36.60 

37.66 

3'    44 
38  44 

38.06 
34  S7 
90.60 

38.48 

-S40 

10.80 

14 
IS 

53.10 

SI -43 
S'  43 
5>.43 
5'    41 

5,8, 

J,. 89 
51 89 

96.36 
91  9" 
9)-9' 
93-9» 
93  9' 

-  '-9) 

-  J. 41 

+  a.o 

36.56 
37.33 
35.61 
36. 8; 
sfi  60 

'7  74 

-537 

10.54 

17 
II 

■9 

99.31 
99-3' 
W  3t 

+  5.40 

+  60 
-i-  3.0 

JJ.6g 
36.44 
J6.44 

31. 98 

3'  44 
38  44 

98-56 

-S41 

10.89 

*o 

■V 

so. 70 
4i».3> 
S3. 89 
S3 -70 

99  3' 
101.38 

-  8.06 

-  4.93 
+  13.90 
+  3.01 

—  10-0 
— 10.0 

+  10.0 

39.68 
38.99 
34.78 
=4  37 

19.68 
18-93 
34,78 
34-37 

1  E  .63 

13  99 
11.79 
3' -30 

37,73 
17.18 

-S»S 

-337 

10.50 
6.74 

Mr.  Dudley  Found  the  traction  in  starting  (o  be  11,000  10  ii.ooo  lbs.  for  the  (itst  too 
\D  300  [eel.  falling  10  iSoo  to  3000  lb!>,  at  50  miles  per  hour.  The  consumption  of  steam 
and  »ater  per  mile  was  : 

At  13s  lbs.  preuurc.  300  to  333  Ibi.  water, 
40  Eo    50  Ib^-  coal. 
=  7.5  to  6.67  Ibi.  water  per  lb.  coai. 
He  notes  Ibat  Svist  and  German  locomotives  carry  165  lo  iSo  lbs.  as  a  rule ;  some- 
times as  high  as  nj  lbs. 

The  total  horjt-powtr  deuetoped  by  tht  engine  is  given  in  the  same  table  as  the 
^ynajnometer  record,  but  computed  and  not  observed.  The  computation,  however,  ap- 
peals lo  be  one  based  on  Mr.  Dudley's  own  JDvesligations.     It  shows  a  total  horse-power 


I 
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dcmlopcdof  TsoloSoo  M,  IV.  and  ukbc  ihc  awcracc  tor  the  (our  mlla  ij-rt,  on  ' 
llw  GTaid«  WW  levd  and  Ihc  ipc«<)  unlfonn.  we  obtain : 

Aieiac*  *pet<l.  mllet  per  Anngt  borw-pawft  Mptndtd  on— 

lioui.  JMI-  Tnia,  Kngine.  Total. 

MU  «•«  7»* 

■tut.  lb*.  Iba. 

nialTiltnt  loul  tncllon  mlaurm ,,.  >,(»«  j.iMt  $-I*f(B 

Dllu,  inlM.  pcrion     «^  49.*}  rr4 

Thi>  ia  (oniidftabl;  lower  Ihan  Tabic  i46  Indkwei,  whkh  hi  about  30  Un.  pn 
but  unr  puulble  ciplanailon  ot  Ihii  diKtcpincy  !*  tlial  Ml.  Dudlax'l  Labk  iloa  not  war- 
ram  hb  ilccUtatuin  iJial  "al  jd  milM  iwr  hout  Ihv  Iractim  was  1800(0  jooo  lb*.."  but 
iodicam  iinly  ijuu  Ibt.     Tlib  iHflvrcntc  atone  ■DUld  add  1)4  la  9  tb*.  per  ion  loikc 
rramani.'*. 

Ur.  Dudle)-*!  fUElne  and  hcul  midance.  at  an  avtracr  <i(  all  111*  rsrord  inrit  all  cm* 
hm},  amount*  frr  mgint  tu  o-SjC*  lb.  Tlie  wrtiFt'>t  loti  Ihc  Appendix  A  and  ftp 
i6s1  eiv  ■  ■^tixwhat  imatler  re*uU  lor  ilie cneine  taisLiDca,  tIi.: 

Lbi.  per  enslDe. 

For  head  miftianoe .---.,. .,->>..•      B.iiK* 

Fu>  OKitluiun  4ad«incu(UDn....,,,„,,,,    •■tf^* 

Tool e  6)r>  +  ,(og|lii.pet  Ion  eooiunu 

Bj  ct)ni[i.iii>>oii  nf  a  vai^ely  of  evidencm.  howavtr.  the  mrMt  briicvni  that  uSjI't  lb. 
(omai  very  cline  lo  civine  Ihe  actuaJ  tiital  irliKilr-tniatano  of  the  enipnr  al  hich  ipe«d>, 
and  ibe  rapid  tnroadi  which  Ibli  rate  maka  on  the  pcrwit  lA  the  engine  U  tbowB  In 
Tabk  i6j.  II 

fairly  expressed  by  the  single  formtila  of  Mr.  Wm.  H.  Searles 
ju»[  refcrr«<l  to  and  given  hflow.  For  the  more  favorable  con- 
ditions il  gives  unqiimtioniihly  (iir  too  iiij^h  re»istai>cc:  a»  for 
example,  for  a  iniin  of  .113  tons,  as  in  Table  164,  at  50  miles  per 
hour,  it  gives  a  traciive  resistance  of  30  lit*,  per  ton  for  the  en- 
tire  train,  or  9390  lbs.  total  tractive  resistance,  equivalent  to  1  iSa 
horse-power,  whereas  the  actual  horsc-powcr.  as  given  beneath 
the  tiible,  was  less  than  800.  Further  evidences  to  the  same  cl-  ^, 
feet  are  given  in  par.  659  ft  sf^.,  below  ;  but  the  RATIOS  of  thtflj 
resistances  at  varitm*  speeds  are  of  more  practical  importance 
than  their  absoltitc  amount,  and  these  will  nut  be  affected  im- 
portantly by  any  reduction  in  the  latter.  Moreover,  nearly  all 
our  experimental  evidence  is  based  on  observations  taken  under 
the  most  favorable  conditions  for  low  resistance,  and  in  the  case 
of  European  tests  with  trains  of  much  smaller  cross-section  and 
with  cars  much  nearer  together.  The  bounding  rectangles  of  the 
avcnige  American  and  European  passenger  cars  {a  fairer  basts  of     , 
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FiC  164.— Vaiutioh  in  Ruistuici  Ar  Ten 

»■  Vauoui  LOADl. 


50%nl  IM«. 


-I i JA JU. 

20  J«  40 

Mimptf  Hotf. 


Fic.  165. — Vaumtion  ih  Tiifa/  Titaction  foh 
Vaijoui  Loads. 


_.i ...L.  . .1 


Ml  Its ptr  Hour. 


-J  . 
fo 


French  Tests  of  Train  Reststance  at  Low  Velocities. 

[From  AaHalts  del  Panis  rl  Chaussfts,  May.  1886.  "  fttudea  Dynamomttrique,"  par 
U,  De^doint.  In^.  fie  la  Marinp,  adjoint  a  Pln^nieur  en  Chef  du  Materiel  et  de  la  Trac- 
tion Atf,  Chemins  At  Per  de  I'l-lUit.] 


The  paper  showed  le^ihlances  at  low  ordinary  speeds  of — 
Passen^^r  Irains.  4i}<«''  uheeb,  iH  X  7"  axles.  4  tonnes  per  axle,  . 


Lbt.  per  ion. 

I  3.0  1  ^■ 

■     -'3-*'-3.:i 


Freichl  '■  "  "  5        "  "         .       .       . 

Temperature  of  ailes  ."i.5.6*  Kihr. 

Ai  siill  lower  vclociiieii  of  ;  ft.  per  second  IXi^  miles  per  hour)  the  resistance  varied 
from  4.4  in  ,i;.4  lbs,  per  Ion,  this  beinc  in  fact  due  i»  the  Inwer  journal  speed,  as  observed 
bj-  the  writer  in  his  tests  (par,  640  rf  sttj.  and  App.  \  and  K),  and  not  al  all  to  their  being 
"  valeUTs  tou^es  e>at;:treeH  cfimme  on  va  la  voir,"  as  sn^^osied  in  Jf.  Desdoint'v  paper. 

Trains  of  Tfa  tonnes,  with  70-tonne,  4-eoupled  engine,  showed  a  mean  resistance  of 
4.4  lbs,  per  ton. 
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Velocity  Resistances. 

The  fuUowJng  ^ades  vere  fouad  to  approximuelj  equalize  the  velocities  at  varioiu 
speeds,  with  short  trains  ; 


Milei  per  hour. 

Grade  per  cent. 

EquiTalenl,  Ibt.  per  ton. 

o      to  i8>{ 

0  to  o.s 

10 

i81i  W37 

□,5  to  1.0 

10  to  XI 

37      to  SO 

1,0  to  1.5 

ao  lo  30 

JO     (063 

1,5  to  a.o 

30(040 

See  also  par.  447, 

comparison  than  the  precise  cross-section  area)  compare  about 
as  follows: 

American, 10  X  14  ft.  =  140  sq.  ft. 

European, 8  x  12  "     =     96     " 

656.  Wlien  we  further  remember  that  the  car-bodies  of  Ameri- 
can cars  are  separated  by  over  six  feet  from  each  other  because 
of  the  platforms,  and  that  the  trucks  are  still  more  widely  sep- 
arated ;  and  when  we  remember  further  that  foreign  engines  have 
no  cabs,  and  a  smaller  cross-section  generally — the  foreign  cvi- 


Table  165. 
Engine  Head-Resistance  at  High  Speed, 

(According  ta  Ihe  formula  R  =  o.Sj  I''  (i*e  foot^noie  to  preceding  table)  in  which  R  =  the 
TOTAL  rejiblanceof  the  en^ne,} 


MrLKs 
Per  Hui ». 

Toial  Head 
Resi^lance. 

LIM. 

Horse- 
Power. 

l.bv 

Per  Ton 

o(  Train 

(3U  Tom). 

83 

747 
I3i3 
2i>75 

a.ai3 

17,71 

59.  77 
141.67 

.16b 
1.06 
2.33 
4. IS 
6.64 
9-58 
13.05 

60 

2qS3        1     473.30 
4067             TCfi.m 

SlDce  the  resistance  !□  pounds  increases  as  ihe  square  of  the  speed,  Ihe  hor^C-pOw^ 
demanded  will  necc warily  increase  as  ihe  tuf*^  af  the  speed.  Il  lakes  a  very  powerful 
engine  1o  maintain  a  speed  oT  70  niile:^  per  hour  en  a  level  for  any  distance,  and  do  ctigiae 
can  do  it  long,  wilh  no  train  whatever  behind  it.  As  Ihe  horse-power  corresponds  very 
correctly  to  the  conditions  at  this  maximum  .^^peed  it  must  necessarily  correspond  very 
correctiy  with  the  facts  at  the  lower  speeds.    See  end  of  par,  664, 
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denc-e  below  giren  (par.  660  et  scg.)  seems  to  rather  support  than 
disprove  the  resistances  given  by  the  formula  summarized  in 
Table  166  below,  although  nominally  smaller. 

697.  It  has  therefore  seemed  best  to  use  as  the  basis  for  all 
train-resistance  Computations  in  this  volume  the  formula  above 
referred  to  (par,  652),  proposed  by  Mr.  \Vm.  H.  Searles  in  his 
"  Field-Book,"  since  this  formula  in  u  single  simple  equation 
seems  to  approximate  very  closely  to  what  experiment  indicates 
lo  be  an  ordinary  working  maximum  for  the  resistance  of  trains 
of  all  classes,  at  all  speeds,  and  with  all  forms  and  weight  of  cars. 
It  is  recommended,  with  justice,  by  Mr.  Searles  as  accomplishing 
this  end,  in  the  following  words: 

'■  It  is  an  empirical  formula,  based  upon  a  careful  investigation  of  all 
such  records  of  experiments  on  the  subject,  several  liundreri  in  number, 
as  have  cume  under  the  author's  notice,  and  is  believed  to  give  results 
agreeing  closely  with  the  average  experience  and  practice  of  the  present 
div.  It  is  designed  to  give  the  resistances  per  ton  for  all  trains,  whether 
freight  or  passenger,  and  at  any  velocity,  under  ordinary  circumstances. 
Accidental  circumstances,  such  as  the  stale  of  the  weather,  and  the  con- 
dition of  the  road-bed.  rails,  and  rolling-stock,  may  largely  modify  the  re- 
sistance, but  these,  of  course,  are  not  taken  account  of  in  the  formula," 

The  formula  (simplifj'ing  its  form  somewhat)  is  as  follows 
for  velocities  in  miles  per  hour: 
Average  resistance  of  entire  train  in  lbs.  per  ton  of  2140  lbs.,  for 

all  weights  in  gross  tons, 

„                ,        ,  ,^,         ,    .0006  K'  (wt.  eng.  and  tender)* 
.^  =  5.4    -f.ooer'       -4 -   ■■■- -—, : 1-; 

•'  '  gross  wt.  of  tram 

Average   resistance  of  entire  train   in    lbs.   per  net  ton,  for  all 
weights  in  net  tons, 

JP  =  4.8a  +  .005357  V'  +  •°°°478.;r-(wt.e_r^.  and  tender). 

H       -r       3J3/       -r  gross  wl.  of  tram 

This  formula,  with  a  comparison  of  others  below  it,  is  tabu- 
lated in  Table  166. 

656.  It  will  be  seen  that  this  formula  gives  the  same  result  whether 
a  given  weight  of  train  be  made  up  of  light  empty  box  cars,  weighing 
perhaps  9  tons  each,  or  loaded  coal  cars  weighing  three  or  four  times  as 
much  and  exposing  only  one  third  or  one  half  the  area  to  air  resistance ; 
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Table  166, 
T»Ai«  ResiSTAXCK  OH  K  LevgL  AB  Apfectsd  VI  VEi-ocmr. 

Givine  whnl  tooj  bt  mniilltrei)  is  Ihr  (inlinjtry  onrkiiic  nbuimua),  u  iXimputNl  IMM  I 
generaJ  (KnnuU  oi  Wm.  K.  St*llt.t:v.  ooinciiliiii;  crifwijr  wiih  thr  appamil  tDdlcUh 
ol  ibe  moM  recent  tetit,  but  puuibly  u  much  u  iwr  /Ai'rrf  IW  i4>/4  (Or  the  mlilliiii  I 
U  blgh  tpMd*  under  favurabtr  ciinUiliiiu  (|>u.  6jj  r/  f^.J. 


Frelf  M  TrtlM. 

Total  Wbicwt 

or  Ta«i». 

BqiutlM  or 

RniiUOR. 

V*i  SBen  Ten. 

RntiTWic*  Pan  Shout  Tok.  roa 

Short 
TqiU. 

V** 

Ml  » 
■  iilt't 
'Jtft 
tjil  4 

10 

IS 

» 

IS 

30 

"    and  i«liMiled  cu* 
..      ..    ^       ..        .. 

-  -              ..        .. 

-  -  c     '■      " 

•J* 

(tl-4-    .OHii^'' 
■■     -  ■     .iHll^'' 

■-    ,ot-l" 

"  f  :s;!r; 

4.JI 
jot 

J.fc 
1  I> 

1  ir 

•ll     lO  H 

Ji  » 

■  •  n 

"» 

•1** 
ltd 

•t  «t 

I), .J 

::;£ 

■1  If 

141,^0 

Pm  rormullc  at  retbunca  for  iriiitiH  of  lliit  •■oru,  ntlratl  aboM  xnlfttron 
ceaflidtDl  of  K*.    For  renituaDa  and  formulx  per  luiut  tun.  MW  i>  pa  ant 


PWWuierTntiit. 

•TX<4 

AK>MC*HBHOIfII 


Tot  At.  Wt. 

ofTniiN.   I 

Toni.  iTnln. 


Sqiuynon  et 

Rtiituon. 

P«  Short  Ton. 


BbkIik  nnl)* , 
"    »nd    1  tin, 


>e 


(6 


4SH 


o»lj' 


Rbi«T«KB  Pn  ShoitT  Toh  to* 
Vnucifisi:  Mitu  Wa  Hota. 


U      10 


3S 


ID  1  40 


'lit'*  It  *}  i?'^iM.9<Uj.ri  ('  ■ '  ^<  >"  'IV. 

Tl'"'    J  <H|"  t'l*  »•'!'■  7" 

(j(  '   l.ail'o  »4l>l.;tl>)  '  '.' 

«'  *     7    II     o.li    II    Hill    *'  I      •» 


SO 

H 

<    iK 

•  RIJ4 

7"    t» 

■,t    .1 

'  ;;a( 

M  E" 

Ik 


For  rt*tit*nre9  and  hinniiln-  p«r  Iniic  inn.  ititd  u  p«  ceni.  ■ 

Wdctil  of  ixn  uAcn  ll  is  loiii:  lonn.  s6.'«"»  !!>•.  tatli.  Iiixlnl.  ^ 

Any  "(thi-  fiitmiil.*  ti>n>|Kiml  (111  ihc  ((illowlns  pact  civ*  practically  idenikal  r«ul». 
Eicept  thii  Mr.  Chaiiutr'i  f-itrniilir  ('■iliartiJ  (Kim  Ihr  new  (dltlcin  o*  llaiweiri "  PDcbrt- 
Baak").  jJihouKh  (ont-a  (or  ih*  Irucn  pcnliably  Inlnl,  vi>.:  futtofa  tnia*  M  Mfh 
nlodliu  Jiiii  Crtielit  Ir.iiiii  «l  luw  iduclttw.  etit  Ihr  miitancr  of  rr*iel>l  <rain»  at  hich 
nUKilin  at  uitly  H  <u  ft  u  niu<;h  |ict  Uin  ai  puMnfer  tiaini. 


CHAP.   XIII.— TRAIN  RESISTANCE— HIGH  SPEED.        J^S 


1 


3    -l    "^ 


1     ^ 


<      o 

i  i  1 

<   \^   J 


.2d 


I'' 


5*1? 


^1 


+    +    + 


3  go 


:.      i.      :i 

*  CO  >C 

+  +  + 


+       +       + 


tt     Ci     tZ 

53    33    33 


EC 

u  ;^       u  u 


^S 


ci: 
33 


!S    £i    i2S 


^     8?     si       °-\    \ 


Si:'   -s,:     f  = 

DO        0  a       D  S 


+      +      -r 


+      +      + 


I 


+ 

•I 

r 
+ 


□ 


c 


+ 


-i.      =^k      ^ 


+ 
i. 


+ 

8 

+ 


1 


s 


S  =  a 

Uil  U-'  U«T 

^s  "Se  |I 

sl  s.;  si 

J-  J-  -1- 


a 

6 


3      s 


e 

.3 


SIS 


E 

ui 


E 
u 


=^ 


3 


+ 

Ik 

+ 


^^ 


•s 


I 


e 


1 


in  other  wo«Is.  it  .luiichcs  no  uciglu  whai«\tr  lo  Btm<>«[>li<?rlc  rcsJstuDoe 
and  the  (oiiii  ol  the  train.  The  wtiicfs  ex  peri  men  is  (  Fij;,  1631  indicate 
(lusltivuly  ili.it  this  h  more  ncurly  true  than  it  ^cni-rully  suspected,  but  in 
i;omg  to  suirh  an  exireme  the  formulii  it  un<|ucstiiinably  defective.  Ii 
would  seem  also  to  be  theoretically  defedive— or  if  DOllltat.  certainly  to 
KO  a  iori|;  way  beyond  experimental  authority— in  mtiltlplyinK  one  lin- 
(lurtant  term  of  the  equation  by  the  «(|iiare  of  the  wcichl  of  cn|;ine.  Ho 
thcurciiC':il  juslilication  for  this  Ix  apparent.  The  constant  lor  mllirtK- 
friction,  4.S  Ibi.  per  ton.  is  aUo  a  little  too  high  for  loaded  traini 
althuugti  furr  (or  a  mean  between  loaded  and  empty. 

But  with  all  these  minor  imperfection*  the  formula  is  certainly  one  1 
wonderfully  cxiurt  application  Eo  a  wide  raiiRe  of  trains,  from  an  engine 
running  U|;l>t  lu  the  liinuci.t  freight  trains,  and  at  all  ipeed.-L  The  writer 
may  he  overmucli  di^poted  to  look  on  it  with  favor,  sinire.  as  examination 
ol  Ki^.  165,  Apfieiidix  A.  and  Table  16;  mill  !ihuw.  it  coiil'l  hardly  afp^ec 
better  with  all  the  conclusions  ol  his  umn  te«is.  made  in  1S79.  had  it  been 
based  on  ihein  alone;  yei  the  comparison  jjivc"  in  and  below  Table  1C6 
with  the  fnrmida;  f(iven  by  .Mr.  O.  Chanute  In  HaswcH's  *'  Engineer's 
Porkct-Bonk"  «hows  tliat  it  compare*  equally  well  with  tome  oilwr 
modern  formiilsc.* 

A  variety  of  further  evidence  as  to  the  absolute  amount  of  train  rc-i 
sisiance  at  high  speed  is  Ri^en  below  :  S 

609<  The  teits  o(  Mi.  J     W.   Ilil!  on  nn  American   fieighl  train  at  *lnW*" 
■peedi.  given  ioTaWts  146-7  and  Fig.  iij.  check  very  clcueely  n lib  the  formuta. 
Mr.  Hill's  leilstiereonafreiitM  train  wrinhinttrSa.Qflonsinall,  nithan  encin* 
and  lender  ireighing  55.71  tons.     The  obserred  and  computed  rcutiances  com- 
pare as  f»11ons : 

Rcaiuancc  in  Lin,  ttt  Tob. 

Velociij  >n  Miles  . ■ . 

Wr  Hour,  Otaeiied.  CompuMd. 

17-23  7-57  '••tl 

M.67  7-37  8.S4 

tj.oo  7-5S  8.66 

The  observed  resistaneci  should  be  reduced  J  to  la  per  cent  tor  the  internal 
friction  of  the  Inrnmotli-e,  They  iniltcatc  that  thr  formula  is  siibsianlially  cor- 
leet  ai  «low  ipecds.  but  increases  too  fatt  nlih  ^ipeed. 

660.  Mr.  Siiuudley's  ItStt  on  a  uafn  weighing  3^5.7  lont  of  n^olbt.  frofta. 


■The  examples  of  the  application  of  these  formule  10  varloa*  train  itiven 
In  the  above  "I'ockel-Booh"  contain  tooM  Mriou*«fiors  which  are  liaUe  to 
dtcctvo. 
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wiih  an  cognac  and  lender  weighing  60.0s  tons  of  3340  lbs.  (Fig.  133)  should,  ac- 
cording 10  Mr.  Searle's  formuta,  have  had  the  folloning  resistance: 
*  =  5-4  +  .011445  r' 

For  40  miles  per  hour  this  gives  35,3  lbs.  per  ton,  which  amounts  to  906 
hoi^e-power,  whereas  the  average  horse-power  is  recorded  as  only  529  horse- 
power, and  the  maximum  shown  by  any  diagram  was  66S:  but  then  the  draw- 
bar traction  on  the  same  train  is  given  as  an  average  of  4477  lbs.,  which  at  the 
average  speed  of  44.3  miles  per  hour  loots  up  51S  horse-power  (13.36  lbs.  aver- 
age traction)  transmitted  through  the  draw-bar  to  tht  train  nlont.  excluding  all 
engine  and  head  resistance.  If  the  latter  bore  anything  like  ihe  ratio  to  the 
car  resistance  that  it  does  in  Fig,  165,  Ihe  total  resistance  should  have  been 
fully  up  to  what  Mr.  Searle's  formula  gives. 

861.  Tht  Engiiietr  (April  4.  i8S4)  slates  it  to  be  a  figure  "accepted  by  lo- 
comotive supeiinlendenis,"  ihat  with  a  total  train-load  of  336  long  tons  the  train 
resistance  at  60  miles  per  hour  is  40  !bs,  per  ton,  which  corresponds  closely  to 
Table  166. 

662i  In  a  French  paper  on  the  subject  of  train  resistance  and  economy  of 
grades*  we  have  the  following  (ormulx  given. which  appear  to  have  been  deduced 
from  very  carefully  made  tests  : 

"  The  resistance  of  an  engine  and  tender  is  given  by  the  formula 

'    1000  '  '20/ 

in  which 

E  =  Indicated  iractive  force  in  kilogrammes, 
a  =  Resistance  per  tonne  in  kilogrammes, 
C=  Velocity  In  kilometres  per  hour, 
"  For  the  train  hauled  we  have 

^=.+  -1." 
^40 

For  a  speed  of  So  kilos,  per  hour,  which  is  very  nearly  50  miles  per  hour, 

(nd  calling  z  lbs.  per  ton  =  I  kiln,  per  tonne,  as  it  is  almost  exactly,  we  have 

Itom  this  formula  (or  the  train  tested  by  Mt.  Dudley  (Tables  146-7) ; 

Per  Ton,  Tol»l. 

For  engine  resistance 60  lbs.  3,780  lbs. 

For  train  resistance S    "  2.000   " 

Total  {(or  313  tons) 18.5  lbs.         5.780  lbs. 

•■'Notice  sur  les  Prix  de  Revtent  de  la  Traction,  et  sur  les  Economies  rtall- 
sies  par  I'Applicaiion  de  Diverses  Modifications  aux  Machines  Locomotives. 
Par  M.  Ricour,  Inginieur  en  Chef  des  Fonts  et  Chaussees,"  Anna/fi  Jis  P.  rt 

C,  Sept..  18S5. 
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This  corrrspandB  v*ry  closely  \t>  wh»t  me  h»ve  jqtl  deduced  {Table  I 
(torn  Mr.  Dudley')  (csls 

663.  Anotlici  Freni:Ii  formula.  iMtted  oo  ih«  eiperinvenu  tele-rred  to  bencAlk 
Figs.  i64-ib5,  Gives  siill  lower  rcttults.  iiidinlintc.  at  jo  miles  per  boar. 


For  engine,  tender,  and  rear  car Jl.o  tb«.  per  ton. 

For  inistpoicil  can 7.1  "         " 


4 


ti  i«  stated  ill  die  uine  paper  thai  at  about  iS.b  mllet  per  boor  the  1 
ance  ii  double,  and  ai  31  miles  per  hour  ttiiilc,  whut  ii  is  at  C  10  9  milet,  and 
that  "at  mil  higher  velociilei  the  increase  is  rapid."  This  is  far  (rom  true 
lor  American  rolling- stock,  and  probably  for  any  oihet.  up  to  30  or  40  mile* 
per  hour,  and  the  exact  TiKUres  civen  ni.iy  be  refecied  hb  unieanble.  except  that 
their  mjiy  serve  a«  cumtilalive  evidence  that  llie  rekisUnce*  at  liiRh  tpeods  are 
not  no  great  as  man)-  formulie.  including  those  at  Table  ib6.  give  tben.  »I  l<*s( 
for  European  traini^  under  (avonible  condition*. 

444.  A  lest  was  made  in  1^.  upon  the  Bound  Brook  route,  beiween  Phila- 
delphia and  Ken-  York.  10  ascenain  lh«  difference  in  Ihe  consufnplton  o(  coal 
between  an  expresa  train  running  on  schedule  lime  and  the  Mnte  train  run  ai 
a  very  low  speed,  bui  oihccirise  under  the  same  eondiiions.  the  s^me  fife  cars 
and  precliely  similar  engines  bcine  used.  The  trains  ran  In  each  case  from 
Philadelphia  to  Bound  Brook  and  buck,  a  distance  of  ii<)  miles.  The  sloie  trip 
was  made  in  9  hours  and  13  minuiei.  aia  lbs.  of  co.il  beinjt  consunwd.  The 
trojti  stopped  at  the  same  places  as  Ihc  regular  express  trains,  the  only  uftosual 
feature  of  the  trip  being  the  funereal  pace,  averaging  a  little  over  13^  talV 

The  performances  compared  as  foUtm* : 

Speed.  Cod  burnrd. 

Slow  ti^p 11}  m.  per  h.     4.410  lbs. 

Fast  uip 5o±  "  6,715" 

DlSerciKe. . ,    374  m.  per  h.    9,305  tb*.  =  341  pe»  cent  aaved. 

The  engine  and  tender  weiehed  7s  ions,  and  Ibe  five  cars  136  Ions, 

t" 
According  to  D,  K.  Clark's  formula,  K  = 1-  S  (lor  gron  tons),  the  1 

ptralive  resiitanccs  at  these  speed*  shnuld  have  beeit  about  31  to  t)^  lb*.,  or 
more  than  double,  and  this  Kives  a  much  less  rapid  increase  with  speed  than 
most  modern  formulx.  <See  Fig,  163,)  Uy  Table  166  the  difference  should 
have  been  more  than  three  to  one.  This  appears  \a  indicate  very  low  velocity 
resistances.  Coal  consunplloo,  however,  is  bui  a  very  rafpie  guide  to  train  re< 
sislance,  il  being  4)uite  CcRain  that  tbe  power  is  developed  more  economically 
ai  the  higher  speeds.  Still  Ibis  test  certainty  tends  to  show  thai  the  lesiitances 
due  to  speed  are  not  as  great  as  supposed,  a*  do  also  the  lacts  prcnenird 
neath.  Table  1(14,  Figs.  it>4.  165,  and  the  lesta  already  tcloned  to  (par,  444) 


CHAP.   XIII.  — TRAIN  RESISTANCE— HIGH  SPEED.        529 


nude  on  ihe  Lake  Shore  &  Michigan  Suuthern  Railway  (Transacfiont  Am.  Soe. 
('.  E..  Oct.,  1S76,  p.  344,  "  Exp'erimenls  and  Tests."  by  P.  H.  Dudley),  in  nhich 
icsts  the  conclusions  reached  were  expressed  as  follons  : 

"  We  found  that,  with  the  long  and  heavy  trains  of  630  to  700  tons  it  re- 
quired less  fuel  with  the  same  engine  (Mogul)  to  run  trains  at  18  to  zo  miles 
per  hour  than  it  did  at  10  or  12  miles  per  hour.  The  engine,  at  the  highest 
NIC  of  speed,  seems  to  produce  its  power  more  economically." 

Table  167. 
Speed  of  the  Fastest  Trains  in  England  and  America. 

[Froa  Mr.  E.  B.  Doney'i  paper  on  "  Eagliah  and  Araerican  Railroadi  Compared."  Tianl 
Americaa  Soc.  C.  E.,  JSS5-6.] 

English  Railways. 


These  run!  are  in  every  coAe/roin  ttrminus  fr  'frtuinus,  which  makes  a  diffeTence  of 
S  III  H  miles  an  hnur  from  Ihe  Eipeed  obtained  by  selecting  only  the  most  favorable  parts 
•<l  the  run.     Sec  summary  on  following  page. 

34 
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The  *ixncat«  or  ih*  prtoedlng  ublci  compm  u  iollow) ; 

•  11  Kni^llkh  tmin*.  avrneine  ^^cM  mila  run  il  u.^  miles  (>n  bour. 

9  Amerion    "  '■         3I*J4     "  41. Ji     "  " 

Or,  omHiini;  the  tvo  lonE  ninti  nf  ni«r  900  miln  Ikiri  Chioc"  to  Ktw  Votk : 

7  Aniciioui  Intiiu,  'wr«e'nK  "«  mile-  lun  at  -11.90  mlla  pn  hoar. 

While  thia  table  conKtljr  indicalrc  1h«t  the  fasten  tralu  In  EnGlaud  and  Afflnk* 
nwlwMlMUDtullr  Itw  Kune  ilnw,  the  a«u«c«  ipttd  of  all  train*  It  uarioubtedtr  (unwdn- 
•bljr  Mghci  III  England,  owine  ihirfly  In  Ihr  fto.  that  then  an>  tlmiwt  no  eml*  rT<»>.iii.-i 
or  hifhway  cnwifini^.  and  in  fan  u>  ilir  slinrler  nin*.  which  alirap  Jiulilr  anil  rvqiMVj 
hifhrr  sptni  for  equal  (nnivnicnre. 


MS.  According  to  Table  16;,  ih«  difference  in  (he  horw-power  derauid 
lo  uvetcome  Iki  tngint  rtiiilama  vnfy  in  the  Bound  HroDic  icm  junt   roentloae 
would  have  bEcn: 

Trip.  Time  y  Honc-powtr       "Hour  Haf«C'pa¥PCn* 

Slow 9.4hour«  X      }  H.  P         =4? 

Kmi 3.4  hour*  X  371.JH.P.    s  A53 


Total  difference  in  head  reaiilancc. 


60s 


The  total  difference  in  coal  consumplion  beiiij;  Sjoj  11m..  •■«  hare    /"'    = 

D05 

3.63  Ibt.  •*  the  coal  burned  per  honte  power  per  hour,  without  making  an; 
allovancc  tiir  ihi^  incrmMd  car  re«i>unce  due  to  speed  on  the  our  hand,  oc  Inr 
the  Kreaitt  economy  with  whicli  ale  am  is  used  at  high  ipeed  on  the  otbcr  han 
As  3,61  Ibi,  is  about  a  (air  rate  ol  coal  consumplion  under  the  clrcuiRsiancc« 
(rdthrr  hitih).  thetc  two  Uller  may  liuvc  Hpproximalely  balanced  each  other. 

664.  Titble  167  allows  the  fasleM  reKulai  liaint  in  EaK'i"'d  and  America, 
every  train  on  the  li*l  probably  reaching  a  speed  ot  60  miles  per  hour  un  shon 
■iretehe*  of  almoM  every  tun  The  fa»irM  (r.ii»sdo  not  haul  over  iij  loni  to 
■rain,  but  even  then  ihey  could  not  probably  make  the  lime  thejr  do  if  the 
misuncc*  were  quite  oi  high  a«  In  Table  1(16-  When  all  proper  allovrances 
Are  made,  however,  the  lactt  do  not  ncccMirily  Imply  any  materially  loirer 
resisuncc. 


ENGINE- FRICTION, 


667.  [n  computini;  train  reKixUtnce  it  is  not  essentia]  to  nwume  any 
diflerent  rtiiliiijt-friciioii  for  the  eiit('"<^  ihan  (or  the  curs.     The  tt^dcr-. 
(fiction  xhuuld  of  course  be  the  aaniT.  and  the  eiiKine-truck  friction  sab-^ 
Btaniintly  the  same,  white  (or  tb<;  drivini;- wheel  base  we  have  only  10 
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consider  the  roll ing-frici ion  between  wheel  and  rail  only,  and  tiol  Ike 
jtmrnalfriclion.  since  tlie  latter  does  not  tax  the  adhesion  (par.  608), 
The  same  is  true  of  all  the  internal  machinery-friction  of  every  nature 
and  kind  :  SO  that,  as  we  have  plenty  of  steam-power  in  freight  service,  or 
can  have  by  reducing  the  speed,  and  only  laclc  tractive  force  in  pounds, 
the  machinery  and  driving- journal  friction  is  of  slight  importance  for 
freight  service,  whether  much  or  little.  For  passenger  service  it  may  be 
of  more  importance,  and  it  will  at  least  be  profitable  to  summarize  the 
evidence  as  to  its  amount. 

668.  The  locomotive  is  a  simple  machine,  and  the  evidence  does  not 
malce  it  probable  that  more  than  j  to  8  per  cent  o(  its  indicated  power 
fails  to  reach  the  periphery  o(  the  driver:!.  Ten  per  cent  is  often  allowed. 
In  complicated  low-pressure  compound  engines  the  machinery-friction  is 
to  to  i;  per  cent.  In  small  stationary  engines  (Table  168}  the  loss 
ranges  from  12  10  20  per  cent. 

In  16x14  American  locomotives,  the  tests  of  John  W.  Hill  (Tables 
146-7)  show  that  some  13  lbs.  per  ton  of  locomotive  and  tender  was  act- 
ually required  to  propel  it  without  load  at  speeds  of  17  to  23  mites  per 


Table  168. 
Estimated  Cost  or  Power  and  EfTcciB.^cv  of  Stationarv  Engines. 

[Abiiracicd  Irom  a.  nrclul  ind  detailed  paper  b]>  Cliules  E.  Emery,  Ph.D..  M.  Am.  So.  C.  B., 
Trans.  Am.  So.  C.  E.,  N'omnber,  igg].| 
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This  tabic  is  carriwl  out  in  Ihe  paper  in  much  more  detail,  but  the  atxive  are  the  niiuit 
impuitanl  datii. 
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hour,  whereas  the  average  resistance  of  the  tniin  behind  it.  at  the  same 
speeds,  was  only  some  6J  lbs.  per  ton.  Assuming  that,  owing  lo  the 
greater  weight  on  the  locomotive  drivers,  the  rolling-friction  proper,  be- 
tween rail  and  wheel,  was  at  least  as  much  as  the  rolling  and  nxle  fric- 
tion combined  of  the  train  behind  it,  we  may  divide  up  this  i8  lbs.  ap- 
proximately as  follows: 

Lb«.  Pit  Ton.  loial  Lbs. 

Ta-ring  adhesion :  Rolling-friction 7  392 

"  Head  and  oscillatory  resistance.     .     .      2  112 

Sot  taxing  adhesion :  Friction  of  engine  running  light,     4  224 

Assumed  addition  due  to  load,    .      5  380 

Total, 18  1,008 

Actual  average  tractive  pull  (nearly  \  load  on  drivers),     .     .      .      6.250 
Maximum  tractive  pull   in  ordinary  work  (t  weight  on  drivers).    11.200 

This  would  indicate  that  when  the  engine  is  working  fairly  hard  the 
internal  friction  consumes  about  9  \k,t  cent  of  the  indicated  power,  but  it 
is  almost  certainly  too  high.  When  an  engine  is  working  liglit  and  run- 
iiinj;  last  a  much  larger  ])roix)riion  of  the  energy  dcvolo[)ed,  up  to 
tiearlv  \.  would  appear  to  be  used  up  by  internal  frii:liijn.  ami  no  dimbt 
is— a  waste  well  worthy  of  attcniion,  but  not  of  iliai  ruinously  injurious 
character  that  an  equal  tax  on  the  adlicsiiin  would  be. 

669.  Tim:  kkicii"S  "f  iiik  si. iok  vai.vk  Is  one  of  the  chief  sources  of  loss 
by  inacliinoiv  friction;  but  by  the  rapid  iniroJuclton  ol  "  balanced  "  slide  valves, 
or  lho«>  nhiih  have  Ihc  pressure  excluded  or  cnunteracted  on  the  io[)  side  of 
the  slide- valve,  this  loss  is  being  largely  eliniitialed.  The  slide  valve  exijoscs  an 
area  of  from  70  m  iiru  sq.  in.,  avera^in^  perhaps  9'>  sq.  in.,  10  the  sieam. pres- 
sure ill  tlie  sleauiihest.  ivhich  may  be  taken  10  averane  at  le.isl  100  lbs.  per  sq. 
in.,  i^ivtii^  stnne  i>xhj  lbs.  pressure.  With  ^ood  lubrication  tbis  pressure  wouJd 
vrejtt  no  (jreal  amoniil  of  Iriclion,  but  iviih  the  imperfect  lubricaiion  ivhich 
alorn'  is  possible,  il  is  far  more  serious.  The  cuctficient  is  probitbly  in  ihc 
neinhborliooJ  of  0.1  to  0.2  in  ordinary  ivurUiiiy.  causing  a  resistance  lo  motion, 
ill  both  steam-chcsls,  oi  </»  lo  iSoo  lbs.  with  5  in.  Iiave!  of  valve  and  50-in, 
drivers  the  slide-valve  travels  about  ^^  as  far  as  the  engine,  which  would  make 

(KX)  to  iSoo 
this  loss  equivalent  lo  —         =  say,  55  10  1 10  lbs,  of  tractive  resistance, 

Bmounling  to  something  like  1  per  cent  of  the  ordinary  work  done,  which  in 
mnrling  is  no  doubt  often  much  more. 

Direct  experiments  on  the  Boston  &  Albany  road  gave  a  resistance  to 
motion  of  3100  lbs.  in  startinE  under  the  worst  conditions — fuli  stroke  with 
Ihiottle  wide  open;  while  with  the  Richardson  balanced  sliJe  valve,  which  is 
viie  uf  the  most  approved,  32s   lbs.  sufficed.      When   once  in   moiiun  it  is  prob- 
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«ble  that  Ibe  contrasi  is  much  less  striking,  but  ttic  saving  in  wear  as  well  as 
restsiance  is  10  great  that  balanced  slide-valves  promise  to  be  soon  practically 
Dniversal. 

670>  Otherwise  than  this  it  is  difficult  to  account  for  any  great  toss  by  fric- 
tion at  any  one  part  of  the  machinery.  Therefore,  since  no  difficulty  is  foand 
in  obtaining  correspondingly  favorable  results  with  stationary  engines  of  equal 
power  and  more  complication,  we  may  conclude  with  some  certainty  that  5  to  8 
per  cent  of  the  indicated  power  represents  the  full  extent  of  the  loss  by  ma-i 
ctainery-trictton  proper,  in  ordinary  cases. 

£71.  Tests  at  the  works  of  Messrs.  Schneider  &  Co.,  Creusot,  renorted  by 
Mr.  M.  F.  Delafield  in  a  notable  paper  published  in  the  Annates  dis  Mines  (and 
most  other  scientific  journals  of  the  world),  13S5,  made  on  a  13  X  44  in.  Corliss 
engine,  which  could  Ik  worked  either  condensing  or  non^conden^in^.  ijavc  the 
following  relation  of  indicated  and  efTectivc  power: 

Condensing  engines,  effective  H.  P.  =  .902  I.  H.  P.  —  16 
No n  condensing  "         "  "      =.945  I.  H.  p.  —  10 

This,  however,  is  not  known  to  apply  correctly  to  other  "biin  engines  ap- 
proximately similar  to  that  tested,  which  developed  i.'O  to  aso  H.  P.  with  about 
60  revolutions  per  minute,  according  as  it  was  condenxinp  or  iioo<ondcnsing. 

672.  Tests  purporting  to  give  very  high  or  'ow  entfir-e  friction  must  bo 
looked  on  wi(h  extreme  scepticism.  There  is  'soeciai  d«n^cr  of  error  in  inter- 
preting the  apparent  results  of  such  tests  Thus.  Icbis  o(  an  apparently  very 
accurate  character  by  the  Locomotive  Superintendent  til  t)ie  Eastern  Railway 
of  France*  show  that  of  the  total  indicted  tlorsc-oowtr  only  42.5  and  41. 6  per 
crnt  was  delivered  to  the  draw-bar,  in  two  surcessivt,-  tests,  out  of  which  it  was 
assumed  that  34  2  and  35.(1  per  Cent  ^as  coisumea  by  the  bare  friction  of  the 
engine  mechanism,  after  deducing  ih"!  assi'mcd  resistance  of  the  engine  and 
tender  considered  as  vehicles.  The  e'ror  Jay  in  an  insufficient  allowance  for 
the  latter,  and  especially  in  an  insi'fficient  alluwaiice  for  head  resistance,  which 
at  high  passenger  speeds,  such  ai  'h»t  of  ih.?  tests,  consumes  a  large  part  of  Iho 
power. 

673.  .An  investigation  by  the  witer  g'ten  in  par.  128  shows  that  so  lbs.  X 
6  5  lbs.  per  car  gives  the  ordinarv  coiisjmption  in  passenger  service;  indicat- 
ing a  very  small  loss  by  intern?!  friciion. 

674.  Tn  get  at  the  coliecti"e  resisi^ince  o(  the  bearings  of  a  locomotive 
under  steam,  and  to  separate  't  i.itii  its  conslilueni  elements.  Messrs.  Vuillemin. 
Guebhard,  and  Dieudonnfi  iria-le  some  experiments,  narrated  in  a  work  by  Josef 
Gtossmann.t  snuwing  the  irilowing  results: 

*  /•'••^'iiif-iiii;-  and  J-Mifi-ie^r,  13S5. 

4  ■'  Die  Schmiermit'el  und  Lagermetalle  lllr  Locomotiven.  Eisenbahnwagen, 
S'hiaMDBfhinen.  e'e  "  Von  Josef  Grossmann,  Ingenieurder  (isterreichischen 
y*f<'iit:iX{Kit.n.     'VirsiiaJcn,  C.  W.  Kreidelj'  Verlag,  1385. 
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f  I  PowliPt  P«»  \«"  Tof.  . . 

Koa-connled      4-ooupiMi       s-mupicd 
^«,  Vftpom.       cDNinctn  cofiGc*, 

Total  mi»lanc«  prr  Ion  of  locomDiivc 16.O  1^.9  3044 

Rcaltiance  ol  cold  engine  iconnMimg-rod 

icmoved) (1.0  10.44  I3.)0 

Percentage  of  Utter  to  loLal  tcaitlance 37.}  p.  c.      Jt.J  p,  c.     40.)  P ^^^ 

Tbete  AguicK  arc  (or  ipccdi  of  17  10  Si  miles  per  hour.  ^B 

If  nu«  the  colkcdvc  (c»i»iance  ol  the  xxW  nnd  parallel-rod  bearincv  and  o^| 
the  valve-gtar  be  (JeJucted  from   the  retisiatice  of  the  <M  emgiM,  as  abovfl^ 
glren,  the  remainder  aught  to  give  the  resistance  due  to  (olUng-frktion ;  and  If 
this  be  deducted  from  the  total  (csliitanrc  of  the  above  tthbte.  iIm  remalndei 
vhoutd  be,  spproKlmatoly.  the  tolaJ  miaEanee  of  all  bearings  in  tbc  mgim*  *l 
uvrt. 

The  axle'/rlttinn  coefficient  waa  «»«iinieJ  at  o  oni>  and  the  propoftion  o(  the 
diameter  of  axle-journal  to  thai  of  the  wheels  ai  ^,,  giving  for  ihe  axle-friction 
It  lbs.  per  ton  weight  of  engine.  The  frlclloti  of  the  ralve-gear  of  tbe  cold 
engine  vra*  taken  as  I  lb,  per  inn  of  engine,  and  the  crank  pin  (riclion  lor  fooi- 
colipled  eng<i<c»  at  o  1  ll).  ami  for  •>>(  loupted  cni;inn  iil  0.4  lb.  per  engine  ton. 
Adding  (oseiher  these  resisiancc*.  and  drduclinK  ihcni  from  the  resiuancct 
ol  tbe  cold  engines  wiilioul  connecting  rods,  ilie  lolluning  table  was  obtained. 

. t^t'vn  Pm  tiwT  Ton. ■ 

pjH.  eoginn.         cBJClmi.  cacMa. 

Total  misianccs  per  ion  of  locomotive,  a* 

above  iCm  )$.•  ^.44 

Resistanee  of  rolllng-friciion  per  ton  of  to- 

comotivc J.JO  7.74  q.40 

Percentageof  last  to  the  total ii.S?  JOiTlp.c    joSSp. 

Rofti»taacc  of  oiled  pan*  (In  steam)  per  ton 

of  tucoinotive ti.y>  17.4A  11. o| 

Peiecntage  ol  last  to  the  toul ;S.I3  69.499.?.    ftg.isp.t 

Thcce  lignm  were  JM'umcd  in  show  how  large  a  portioo  ol  the  eogine 
vUunccH  Ih'iBc  of  the  uilcd  pails  constitute,  which  do  not  tax  adheaioB. 

The  expiftitnenial  evidence  as  10  the  comparative  rolling  and  intctnal  (ric- 
tion  of  cuup)eil  2nd  uncoupled  engines  is  inieicMlng  and  possibly  correct,  but 
lh«  exact  Agureii  given,  as  with  all  such  single  sutcmenii.  must  lie  received 
With  much  atluwance,  ^h 

With  regard  to  the  lncrea.icd  amouni*  of  rolling  friction  Indicated  for  fow^^H 
•ad  six-coupled  engines,  ilie  author  reasonably  remark*  Ih^i  it  is  in  accordanr^^ 
with  what  ini|[hl  be  experlcd.  since  the  coupled  wheels,  on  account  ol  their 
vlight  difference  ol  lorra  and  ol  imperfections  In  the  trafk.  cannot  roll  as  per- 
Icciti-  as  the  uncoupled  ones,  and  must  slip  more  or  less. 
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675.  The  following  record  of  some  other  French  [est*  gives  very  diHerent 

For  delennining  engine  resistance,  Ihe  locomotive  to  be  tested  was  set  in 
raioiion  at  4  or  5  miles  per  hour,  and  change  of  velocitjr  determined  by  accurate 
~^M. pparatu*,  from  which  Ihe  following  resistances  were  computed: 

, Pounds  Puk  Ton  of  Ris[3tahck. — - — ^ 

PuKngcT  enKinc,       Locomotive  lormiicd      Picighl  eagine, 

3  jule*.  i-coupLed,    service,  j-coupLcd  ajilci,    4-couplcd  uiia, 

yS-in.  diiTirs,  syi"-  iln*««,  jo-lo.  drivera, 

j*  tonae*,  48  [onaa,  70  tonnn. 

Xngioe  in  working  order. ..  6.4  7.3  8.a 

Xlccentrics  and  connecting' 

rod  disconnected 4.7  4.5  G.l 

Difference  1.7  3.7  1.8 

■Coupling-rods  also  discon- 
nected   4.7  4,4  6,a 

In  all  these  tests  the  effect  of  disconnecting  the  coupling-rods  is  inappreci- 
able. The  tender  resistance  was  found  to  be  only  5,0  to  5.6  lbs.  per  ton.  All 
the  abiive  are  the  mean  of  a  number  of  tests,  nol  differing  greatly  in  resulL 
The  following  are  from  still  larger  averages: 

,, Ri^isT^ci  IN  Pounds  Per  Ton. ^ 

Onrcrt.       No.  ules     Coned  iread.  Cfllndrical  mad. 

coi'pied.  Link-  Ltnlc-  WaktmErt'l 

moiion.  motion.         valirc-geai. 

Passenger  engine..         78"  3  6.3  5-3 

Mixed  engine 59"  3  7.3  7.3 

Freight  engine ;i}"  3  9.4  ... 

Freight  engine 50"  4  ...  ...  S.2 

The  tests  measured  the  resistances  between  velocities  of  3^  to  5  miles  per 

bour.      The   resistances  iniludi   machinery -friction,  and   the   very  low  speed 

would  tend  to  Itialte  the  resistances  considerably  higher  than  al  working  speeds, 

not  with  standing  which  fact  it  would  appear  as  if  Ihe  results  must  certainly  be 

too  low. 

*  "  Application  de  la  M6ihode  rationale  aux  Eludes  dyoamomitriques.  Par 
M.  Desdouili,  Inginieurde  la  Marine,  adjoint  a  I'Ingfnieur  en  Chef  du  Materiel 
el  de  la  Traction  des  Chemins  de  Fer  de  I'^tal,"  Annalti  dtt  Fonts  el  Chaust^tt, 
M»i,  1SB6. 
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CHAPTER  XIV. 

THE   EFFECT    OF    GRADES    ON    TRAIN-LOAD. 

676>  The  absolute  etTcct  ot  gradients  toincrease  the  load  on  tbe  engine- 
is  constant  and  easily  determined.      Under  the  tlieory  of  the  inclined 
plane  (or  rather  under  the  general  theory  of  the  equilibrium  of  forces^ 
any  body  W.  Fig.  167.  resting  on  such  an  inclined  plane,  is  acted  on  by  at 


Fic.  167. 


least  two  forces :  the  force  of  gravity,  vertically  downward  ;  and  the  re- 
action of  the  supporting  plane  s,  actinp;  at  righi  angles  thereto. 

Since  a  body  acted  on  by  two  forces  only  cannot  remain  at  rest  (see 
any  treatise  on  mechanics)  unless  the  forces  are  (1)  equal  in  magnitude, 
(2)  opposite  in  direction  to  each  other,  and  (3)  lie  in  the  same  right  line, 
motion  must  ensue  under  these  conditions  down  the  plane  i:  and  the  force 
/  necessary  to  resist  motion  (or  impelling  the  body  down  the  ])lanc,  if  equi- 
librium be  not  maintained)  is  represented  by  the  length  of  any  line  /,  which 
will  suffice  to  close  the  triangle  of  forces.  The  direction  o(  this  force  is 
ordinarily  fiicd  by  the  conditions,  and  in  the  case  we  arc  now  considering 
it  must  lie  parallel  with  the  plane  j,  as  represented  in  the  cut ;  but  a  force 
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acting  in  any  other  direction,  as /'or/",  Fig,  i6S,  will  suffice  for  the  same 
«imd,  provided  it  will-  form  with  the  forces  g  and  a/, 

F^ig.  167,  a  closed  triangle;  the  magnitude  only  of  the 

force  /  required  varying  thereby. 

677.  If  the  body  \V.  Fig,  167,  be  an  angular  body,  this 
necessary  force  /  will  be  supplied  by  the  friction  of  con- 
tact between  the  body  and  the  plane,  and  the  body  will 

t-emain  at  rest  until  the  angle  becomes  very  considerable, 
aos  in  sliding  a  brick  down  a  board.  If  the  body  be  a 
■wheeled  vehicle,  the  journal  and  other  rolling-friction 
subserves  the  same  purpose,  so  far  as  it  goes,  as  respects 
motion  down  the  plane;  but  since  the  rolling-friction  is 
a  very  small  portion  of  the  total  weight  of  the  body,  the  angle  of  the 
slope  on  which  the  rolling-friction  alone  will  suffice  to  maintain  equi- 
librium must  be  very  small.  When  it  does  not  suffice  for  this  purpose, 
the  body  is  impelled  down  the  plane  by  the  difference  between  the  force  / 
of  gravity  and  the  retarding  force  of  friction. 

When  a  body  is  caused  to  move  up  the  plane  it  is  obvious  that  the 
resisting  friction,  whetiier  much  or  little,  plays  no  part  in  reducing  the 
force  /,  tending  to  cause  the  body  to  move  down  the  plane  ;  for  in  that 
ca.se  the  two  forces  resisting  motion  coincide  with  each  other  in  direction, 
and  their  sum  instead  of  their  difference  has  to  be  overcome  by  the  ira- 
pcllioi;  force,  whatever  it  may  be. 

678.  These  are  the  conditions  under  which  the  locomotive  acts  in 
hauling  a  train  up  a  grade;  and  in  Fig,  167,  if^i,''  be  mude  to  represent  the 
weight  of  any  vehicle  W  or  of  all  the  vehicles,  W 'n\\\  represent  the 
force  with  which  they  press  against  the  rails ;  /,  the  '■  grade  resistance"  or 

force  impelling  them   downward,   or  resisting    motion  upward;—,  the 

,     ,           ,                              ,             ,        2000/        2240/  ., 

ratio  of  the  grade  resistance  to  the  weight :  or^ — ^^— .according 

b  s 

tothenumbcrofpoundsin  the  ton,  the  grade  resistance  in  pounds  per  ton; 

W 

—  ,  the  ratio  of  the  reaction  against  the  rails  to  the  actual  weight  of  the 

body,  which  may  be  deduced,  for  any  grade,  from  Table  119,  p.  341. 

679.  Ail  grades  are.  in  the  technical  work  of  American  and  Continen- 
tal engineers,  expressed  in  theraie  percent,  although  in  common  American 
practice  the  words  "  per  cent"  are  (somewhat  unfortunately)  omitted,  the 
grades  being  known  as  a  0.5,  0,8,  or  1,0  grade.  A  grade  so  expressed  is 
independent  of  the  particular  unit  of  measure  employed,  whether  feet. 


OR 
par. 

I 
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metres,  miles,  or  any  oilier     \n  [>o[»iIar  American  and  English  langua^ 
grades  arc  expressed  by  (eel  per  mile,  which  (since  there  ate  5280  (cet  i 
a  mile)  is  ;:.8  times  the  mtc  per  cent.     The  use  o(  ihis  awkward  uni 
especially  among  engineers,  it  in  every  way  to  be  rccrcttcd.     Englii 
engineers  are  »ls»  mucli  givirn  to  a  Mill  more  awkward  habit— ex preaainn 
^r;ide6  a<  rising  "  I  in  80."  or  some  other  horizontal  di-itjnce.    (See  par. 
ttij.)  These  may  be  turned  into  grades  per  cent  wKh  a  table  ol  recipro*^ 

<als.     In  Fig.  167  the  rate  of  grade  is  given  hy^.      It    we  let  d  = 

{whether  feet  or  any  other  unit),  then  rwill  give,  in  the  »me  unit, 
rate  per  cent  ol  the  grade. 

680.  Since  gravity. /^.  in  the  diagram  of  forces  in  Pig.  167,  is  repra- 
actited  by  the  hypothcnoAC  of  a  right-angled  triangle,  it  follows  that  the 
preiiiiure  o(  the  wlicclu  on  the  rails,  'C.  can  never  be  quite  equal  10  tl 
weight  of  the  body.    The  loss,  however,  is  not  on  any  ordinary  grade 
serious  or  even  an  appreciable  one.     It  may  be  dncrmincd  as  (olio 

W  d 

RutioofprcMureon  rail*  to  real  weight — (Flg.167)  = -;botr= 

exactly.    Or,  approximately  (t), 

■■-'■  =  u- 

whence  (»),  t  =  ^.^  d. 

ad 

C8I.  This  laiier  is  detennined  by  a  rule  of  srcat  coorcnience.  which  U 
liulr  known,  and  which  the  iiudeni  will  do  well  to  Gi  indelibly  ia  bb  mcmor;, 
f4r  (he  roultitudinoui  wes  <i(  which  it  U  capable,  vit. : 

ToKiivr;  a  mnar-AnOLBD  tbiancui  or  imai.i.  Ai.TrruDB:  Sfttan  iht  hagkt 
St  riu  tntl  divittf  hy  lm<t  lAf  Utr  «r  AypKlMtnair  (whichemr  is  known).  The 
quoiienlwill  be  ihe  d:«k*ENCB  between  iht  b«se  and  hypoibcniue.  nhencc 
ibc  Dnknown  tide  is  o?)Uin«d  from  the  known  by  direct  nddllion  or  sabtrac- 
Uon.  Prctgucnity.  howerer.  in  solving  such  trinniclcs  ihr  diAcience  ooljr  li 
required. 

Examples  showtag  ihe  r»nj{e  o(  error  in  ihis  rule  are  gircn  Is  Tabic  H 
The  exltemK  enaiiiplri  of  the  lallet  pan  of  the  table  are  intended  orily  (or  illtis- 
iralivo  purposes,  but  show  that  even  In  sudi  an  exlirmr  case  as  the  "  3.  j,  and 
5  iriangle'  the  error  is  only  ^  or  a)  per  cent.  For  a  muUilude  of  coetncerin( 
compuutions,  where  the  altitude  of  the  triangle  is  below  i  the  base,  the  formtila 
Is  suOlelently  approximate  for  all  purposes,  the  error  with  base  a  and  altitude 
t  being  less  than  half  of  one  percent  and  varying  as  ihc  square 
Hide. 
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Table  WBJ. 

EXAHFLIS   SHOWINO    RaKGE  OP    ERROR     IN   THE   ArrROXtMATE    FORMULA    OF 

Par.  6S1  FOR  Solving  Right-angled  Triangles. 


GrviH<^ 

HvrOTHHNUBK. 

Error 
Per  Cinl. 

&aae. 

KfiitbL 

By  Approxi< 
male  ftule. 

Eiaci. 

ID 
10 
10 
10 
10 
lO 
10 

1 
4 

s 

6 
B 

TO 

ID.  DA 

10.3 

1Q.B 

11.15 
11 .« 
.J.J 

IS-O 

10.049 
10.198 

lO.JJO 
JE.lSo 

11.663 

li.>o6 

14.14' 

D.Ol 
0.01 

0.03 
0,6 
l-I 
30 

i-7 

4 

3 
i 

(base.) 

4A 

S- 
4- 

AU  these  esimples  are  far  beyond  Ihe  range  of  the  highest  rates  of  grade.     For  eianv 

Jles  of  Ihe  latter,  see  Table  1 19,  page  34 1 . 


663.  Comparing  the  two  similar  triangles,  dri  and  WV^,  Fig.  167, 
«e  have,  since  r-,d-.-.  I :  W, 

4    ' 

If"  being,  as  we  have  seen,  not  the  true  weight  or  gravity  of  the  body, 
but  the  component  thereof  ai  right  angles  to  the  plane,  or  the  force  with 
which  it  presses  against  the  plane. 

On  any  grade  practicable  for  locomotives,  however.  Wand  g  are 
practically  equal  10  each  other,  the  difference  even  on  a  10  per  cent 
grade  being  only  one  half  of  1  per  cent,  and  on  a  r  per  cent  grade  (51.8 
feet  per  mile)  only  yj,  as  much,  or  j^  of  i  per  cent.  Therefore  it  is 
nniversaliy  customary  to  consider  that  for  all  practical  purposesr:rf:  :t:g; 
Fig.  167,  whence 


with  sufffcient  exactness,  and  we  have  the  rule  already  given  in  par.  382  : 
The  rati  of  gradt  in  Jl.  per  loo  ^  Ihe  grade  resistante  in  lbs.  per  loa  I6s., 
whence,  evidently,     . 
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The  liKADK  REHtiii'ANCK  IK  i.BS.  PRR  TON  =  the  rale  of  grade  pet  3 
cent  X  ta  OR  =  I  i.as.  prr  o.i  Ptvt  cf.kt. 

Thin  |j«l  tocmula  xhoutd  likewise  l>c  indelibly  engraven  on  the  mcmorf^f 
of  ttic  ciixi"^'^'^  liavlitg  to  <lo  wici)  railway  woric.  maicin^t  reference  to  «i 
lable  iicc^lk-xs, 

6B3i  TTir  ifradc  rt«Ulanc«  in  11m.  ptt  tiia  on  n  Krade  Riwn  in  (c«t  per  nii!^^  \ 

since  ihe  rate  per  cent  »  = ■  ^ ■! 


I* 


,       ,    KTRde  in  reel  per  mile    ,  Bradc  in  (r*i  per  mile 


Of,  dlnce 


a.bj 


I  o  3788,  we  bftvc- 


MOD 
per  ton.  — T-  or 
If 


»l» 


Grade  refinance  in  lbs.  per  l»n  =  ^ndc  ia  (1.  per  mile  X  0. 3;83  =?  grade  ii — z 
(t.  per  mile  ■*■  1.64. 

For  lliv  l<inK  (on  of  :;«(>  \\m.  ire  »bitiin.  in  the  *Bnie  way. 
Grade  rciiiiancc  in  lira.,  per  [on  =  j;rade  in  ft.  per  mile  X  •4*43. 
ForafTBdee^ipreMed  in  ahoriiunuldistanceforariieof  i.mimSo,  i  laioa. 

or  I  !b  J,  Ihe  lolal  Kiade   resistance  is   ^. '~-.  or  ^  of  ibe  neichl ;  oe  En  ll>». 

for  tlie  short  and  long  ion  respeciireljf.    Thit method  at 

expfessins  jtrades  ■«  u»eit  nuwiiert  in  the  oiirlil  but  by  Ragimb  engineers,  aail 
h»  noihidg  10  cnmtnrnd  ii, 

6S4.  From  tlic  prcccdjiiff  it  foliovrs  that  iho  rtfcct  of  Rrada  Cpov 
-niKtiKAiJK  KKSi^iiASCB  is  dircctly  as  the  rate  of  gTBdc-  On  a  grade  <i( 
I«  per  cent,  the  grade-  rcviKlance  i.<  just  twice  an  much  as  on  a  gr^tdi-  'i( 
0.5  :  nni)  by  whatever  pcrcciiinKe  the  rate  of  grade  be  reduced  the  graile 
resistance  will  he  rcilun-il  as  miii-h. 

Tn  detenntnc  the  elicit  of  the  gnide  reninflnce  nn  IHE  Powkr  av 
KNdlXRS.  thr  Ttttling-friction,  a  Constant  clement  |jer  ton  on  b"itb  gnulcs 
and  levels,  must  first  he  euiisidorcd.  in  addition  to  llie  K^^de  resistance. 

689.  .Aviuminu.  for  rea§oiM  alrcudy  staled  (par.  633).  that  the  rollliiK- 
friction  at  oi<linary  freight  speeds  of,  say.  ij  miles  per  h^itir  is  8  lbs.  per 
ton  1  =  0.4  |icr  cent  ijradel.  whii'h  is  a  high  rrsiManre  lo  assume,  and 
much  higher  than  the  ordinary  rrsisiancc  of  the  train  behind  ihc  engine 
only,  tlic  total  train  lyrsisiHiicc.  and  hence  groKn  weight  of  trains  on  any 
two  rates  of  grade,  will  be  as  (he  rate  of  grade  per  cent  +  0.4,  or  at 

.?■+  0.4' 

On  grades  of  o.{  and  l.O  percent,  adding  04  to  e«ch.  we  have  o.^iuid 
1.4  as  Ihe  equivalent  gradient  in  eadi  case,  tncluding  ibe  ro11ing<frsctioii. 
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■*■    lit  gross  weight  of  trains  on  these  grades,  conscqiieiillj',  will  be  ;is  0.9 ; 
■   — 1  or  I  to  i.5;6,  and  not  as  0.5  :  1.0  or  1  to  2.06. 

Willi  grades  of  0.3  and  0.6  per  cent,  we  have  for  ihe  comparaiive 
5r^  *~oss  weight  of  trains  0.7  :  i.o  or  i  to  1.43,  instead  of  1  10  ^  00.  Willi 
*-i  »-.i(icsof  1.0  and  2.0  per  cent  we  have,  similarly,  1,4  :  2.4.  or  i  to  1.714  for 
"*-  I  If  comparative  gross  weight ;  whereas  in  tliis,  as  in  the  two  former  ex- 
■•»■  inples.  the  grade  resistance  only  is  as  1  to  2. 

686.  It  will  be  seen  from  these  examples  that  as  the  grades  are  higher 
^  he  comparative  gross  weight  of  trains  conies  nearer  and  nearer  to  the 
K"atio  of  the  grade  resistance  only,  as  is  but  namral,  since  the  rolling-fric- 
tion becomes  a  less  and  less  imporianc  fraciii>n  of  the  total  resistance. 
Thtis,  ill  grades  of  :,oo  and  3.00  per  cent,  the  comparative  jiross  loads  are 
ii-.  24 :  3,4  or  2  :  2.833.      But  on  the  lower  gradients  this  is  far  from  being 
liii:  ca.sc. 

687.  So  far,  we  have  considered  only  the  gross  wciglit  of  train,  in- 
(luiling  engine ;  but  it  is  apparent  that  the  true  meastire  of  ihe  cost  of 
f^iadients  is  their  effect  u(Mm  rlfK  NEI'  oK  t<KVKXUj;-K,.^KNIM;  1,(»..\D 
iif  cars  and  freight,  and  the  ratio  of  the  \1, 1  ioads  on  any  two  gradients 
(lepcnds  upon  an  additional  variable,  viz  .  the  R.\  I'lO  of  Iht-  ^^^ross  xcci);ht 
of  entwine  and  liiidcr  (or  rather,  of  engjiie.  tender,  and  caboose!  /.'  tlit-  Irac- 
tivt-  poTvcr  of  the  entwine.  Wliati-ver  the  absohite  weigiit  of  the  engine,  if 
its  ratio  to  the  tractive  power  be  the  same,  the  ratio  of  the  net  loads  will 
bi;  the  same  on  any  two  given  grades,  whether  the  engine  be  light  or 
hean-. 

For  the  gross  weigiit  of  train  oti  anv  given  grade  is  directly  as  the 
tractive  power,  anil  il  the  ratio  of  the  wi.-ii;h[  of  engine  to  the  tractive 
piiwer  be  the  same,  the  resulting  iici  loads,  as  well  as  gross  loads,  will  be 
to  caiii  oilier  directly  as  the  tractive  power. 

6BB.  The  ratio  of  ilie  tractive  power  to  the  total  weight  of  engine  is 
not  a  constant,  but  varies. _/?»■.(/,  with  the  pattern  of  engine,  and.  secondly, 
*ilh  the  r.itio  of  adhesion,  which  is  it.self  a  variable  quantity;  biitassum- 
in',;  the  constant  r.iiio  of  adhesion  of  one  Fot'KTii,  which  we  h.ive  seen 
(par.  530>  to  be  that  justified  by  ordinary  American  experience,  tlic  ratio 
i-  readily  delertnincd  for  any  p  ittern  of  engine,  and  will  be  seen  from 
till'  folkiwing  Table  169  to  vary  from  r  to  \o\  to  1  to  4,  according  10  the 
IMTtern  of  engine,  the  ratio  for  the  more  usual  patterns  of  freight  engines 
heing  about  i  to  7, 

In  the  former  edhion  of  Ihis  treatise  it  was  assumed  as  I  to  10,  the  average 
r^tio  of  ailhesion  being  taken  at  {,  but  conditions  have  greatly  changed  since 
then  (1872-G). 
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Table  169. 
Ratio  oy  Wsickt  or  Emuixr  a»i>  Temiei:  to  the  TuActive  Powmt,  fm 

Vauiihi*  Tvi-f-'  at  Excikk*, 
Ai  aaniMnl  in  th«  hfadrngs  of  Tablr  17c.  Mibiumiall}  in  tixotiaaat  wHb  ilie  iIub  of 


^             KtHir  or  EHCtHK, 

Tnniin  Poner, 

TMdW(4(hl 

of  BaaiiM  ud 

T«*ir 

IB  SWIK«, 

lUi.D  ul  We«M 

tern. 
5 
6 

7 

8 

9 

to 
II 
1) 
13 

Intn. 

S3 
»8 
Co 

64 

*7 
I« 
75 

to 
87 

lt*C-  pwtr  E    i,a 

(O.4 
g.ft: 

S-S7 

S  0 

7JJ 
7.0 

6.S> 

6.6t 
6.69 

T»nk  CoiuolKliuhMi 

TaokSBlirh-cntinctall  «reigtu 

:; 

Aboui  4.;o 
4.00 

I(  aair  om  of  tlia*  etHiMwit  nitim  b»  nibinnnt  tmm  tk*  fimnh  cahiiaa  of  ihr  taac 
TUIp  170.  ii  will  ein  ■  intuiiin  erf  nikn  of  n«t  kadi  tn  uwilv*  pomt  abkk.  ■btn 
mutliplifd  by  Ihc  irMliit  powrr  uf  ui}  ri>i;laK  sbdtnn  of  llw  tunc  |ift>|>a(U(ia  >A  >aictn 
ou  <frtvvn  ti>  lintal  wti|^l,  a  ill  i^vr  lln  luiilcni;  p<i««r. 

609<  From  the  prcccdJna  ii  will  Iw  clear  tbat  il  we  fciKtw  merely  th« 
RATIO  u(  titc  net  luiul  tn  tlic  tractive  power  wc  can  determine  by  whu 
per  ceiil  a  gU'cit  iiu-'re^u«  or  decreii.-K  of  gnule  will  modilir  the  ncerssary 
tractive  pou-fr.  wiUioul  ilclcrmininn  tlic  iilisolute  amuunt  o[  either  the 
one  or  tlie  utlicr.  and  iHi§  im-thod  wa^  (oUuwed  m  tl>c  lirM edition  o(  this 
trcUbc.  Il  obliges  us  to  asstime.  however,  that  this  ratio  is  corthtant ;  aoil 
as  it  is  commonly  the  caac  thai  with  every  coosidcrdble  varidiinn  in  the 
wetKhtof  eiit>inc  the  niiioof  its  power  10  its  weight  will  also  v;)ry,  ii  is  ptai'- 
lically  mixrh  hctier  to  utiidy  the  elTcci  of  gruJienu.  nnd  of  the  changrs 
tiK-triii.  directly  from  a  table  showing  the  tons  of  net  load,  eoiclusivc  <'( 
engine,  tender,  ^nd  eabonte.  which  v.<rii>us  patlenuof  engine  can  hanfflr 
on  vario«i<  grnde*.  Su<'h  n  table  is  given  in  the  following  h>ng  Tnblc  170^ 
in  which  ilienrt  Ifiad  in  tun»  for  nine  diflcrent  |Killemso(enginet,  i-aryiog 
from  light  Am eriun  to  the  heaviest  Miulodon  engine*,  is  shown  lor  every 
oaz  per  rent  of  grade  up  to  4^  (icr  cent,  and  fruoi  that  to  to  per  cent  at 
kridci  iiiten-uls. 
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tM.  Table  170  is  computed  under  the  following  assumptions : 

^Rolling-friction 8  lbs.  per  loo. 

Adhesion  or  tractive  power {  might  on  driven. 

Weigiht  Ok  tender  (about  two-^ihird*  loaded),  as  noted 

H  in  the  head i UK  to  the  table 11  to  IJ  tons. 

H       It  gives  alto,  in  addition  to  the  grade  per  ceat.  the  correspond ing 
^brade  in  feet  per  mile,  the  resistance  in  poundti  per  ton  on  each  grade  due 
to  Rravitr  only,  and  to  K"*"ty  -'"d  ro!l>n(r- (fiction  (8  Ibi.)  combined,  and 
ifac  ratio  of  the  gru»  load  to  the  tractive  power,  or 

JOOO 

total  tL-Hblance  in  lbs.  per  ton' 
Tbi*  ratio  X  /Mr  0/  traeth-i  ptitxr  of  caicli  engine  (=  \  weight  on 
driven)  =gri>si  wei|{ht  o(  train  in  toi»  which  the  engine  can  haul.  Sub- 
tracting (nxn  it  the  total  weisht  of  each  engine,  ss  given  in  the  first  line 
of  each  heading,  we  liave  the  nci  load  oj  train  in  tont,  as  given  in  the 
nine  colnmns  which  consiiiuie  tlie  hoAy  of  the  table. 

>69t.  Tbb  Table  170  wc  shall  make  the  basis  of  our  ensuing  study  of 
the  effect  of  gradients  on  net  loads.  Eiperlence  has  c lea rjy  shown  tliu 
only  by  the  aid  of  such  tables  or  by  diagrams  can  t)ic  elleci  at  gradleni* 
be  comprehended,  since  the  number  of  variables  entering  into  such  a 
■able  is  so  great  that  formulsc  become  very  intricate  in  form,  and  carry  ik» 
impression  to  thr  mind.  Ttic  weight  o(  ihc  cAbooM  at  the  rear  of  ihc 
train,  which  is  priicikally  only  another  tender,  and  atmos:  universally  used, 
niijihi  well  have  been  included  as  a  piin  of  the  gross  weight  of  the  engine 
and  tender  in  Table  170;  but  there  arc  two  Myles  of  caboose  in  use. 
4-wbeel  and  tUwheel,  differing  tuMuiderahly  in  weight,  and  for  either  rea- 
sons it  seemed  belter  not  lo  include  ii- 

692<  In  Tabk  138  a  variety  of  record«of  actual  performance;  nf  en- 
gines has  iitready  been  given,  which  justify  the  claim  made  ni  ihC' 
beaid  ol  TaJ>Ic  170^  thai  il  represents  the  fair  working  cai>aciiies  of  ilie 
various  engines  on  the  given  srades  in  gocid  .\mcticjin  pnciirc.     Thk 

ICAL-TIOXS  AT  THK  HEAD  A?!l>  FOOT  OF  THE  TAni.E  MfST  BK  ri;i.LT 
RKMlUlliKKKU.  however,  that  the  grades  must  be  the  Jt'faela  or  vinnal 
padcs.  not  increased  in  effect  b)-  unreduced  curvalnre  or  by  Mi>p«  on  or 
Bear  the  vra  le.  nor  decreased  in  clTcci  bi,-  ilic  assistance  of  momentum 
(•ec  piir.  413  "  "l).  eiihcr  iif  whkh  contingencies  may  make  the  nominal 
grade*  i>f  the  profile  anyihtng  but  the  true  governing  gradients.  Fig, 
169  with  tu  accompanying  note  will  serve  better  than  TaMc  170^  perhapv 
<  make  the  effect  of  grades  on  train-!ond  clear  to  the  oy«. 
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Notes  to  Fig.  169. 

KceuiUnE  the  bottom  of  the  page  aa  the  base-tine  o[  the  diagrmm,  or  axis  of  x,  as  e\- 
r'  T>  inrrt  beneath  the  titk  10  it : 

I.  Tkt  Imnr  ktttvy  line  represents  the  progressive  increase  of  train-load  (behind  ten- 
i*^=^r)  ai  the  crade  ii  reduced,  for  the  lighttsl  American  engine  given  in  Table  170,  which 
fi  ■  \\\\\  il  II  11  a  endeof  480  ft.  per  mile,  and  ends  ai  119S  ions  on  a  level,  just  beyond  the 
Lb.  ^r^ciiu  tA  the  diaeram. 

t  Tkt  fpptr  htavy  line,  marked  A,  represents  the  same  thing  for  the  keaviesi  Mai- 
^^"^^^om  engine  given  in  Table  170,  so  nearly  that  h  is  rioi  in  error  by  more  ihaa  its  ovm 
"^^•tf"  &llb  at  any  point.  It  was  not  plotted  for  that  purpose,  however,  but  vas  one  of  the 
S.&S3aof  the  originaJ  diagram,  as  below,  made  blacker  to  c<MTespund  with  line  1. 

Similar  lines  for  all  the  other  nine  engines  who^e  tractive  capacities  are  given  in.Table 
^^  '3o»oold  fall  between  these  two  Unes  at  approiimalely  regular  intervals.  It  has  not 
V    ■.tilled  neccBaiy  to  i^ol  (hem. 

The  tcmaining  lines  of  the  diagram  give  the  cylinder  and  adhesion  tractive  powers  s^ 
^kJUely  fm  the  three  diflerenl  engines  below  detailed,  as  computed  by  .Mr.  G.  W.  Cusu- 
X  SB,  Supt.  U.  P.  No.  Pac.  Ry..  on  the  following  assumptions  : 

Relling-fricliim ,  (^  lbs.  per  ton  in  place  of  8  lbs.  per  ion,  as  in  this  volume. 
Ratio  of  adhesion,  14,  as  in  this  volume. 

The  difference  in  the  lul ling-friction  makes  the  train-loads  somewhat  greater  than 
'hose  given  in  Table  170,  especially  as  a  level  is  approached,  but  m.ikes  no  great  difler- 
«nce  un  llie  higher  grades.     The  three  engines  are  as  fciHows : 


Cylin- 
der!. 

Drivers. 

Trac.  Pr. 
jD  Lbfl.. 
Per  Lb.  of 
Eilectlve 
Pressure. 

No. 
Drivers. 

On 
Dr]vcT>>. 

WflLc;Ht>,. 

BKGTIia. 

Toul       Temlcr,       t«.,i 

A 
B 
C 

m"  v  7b" 
so"  m" 

t9" 
49" 

i;6.a 

956. a 
196 

8 

ID 

8 

lDO,QDD 
110,000 

g*,ooo 

Mi.oao    !     6s,ocpo     |     177,000 
ii^^cDo         (15 ,000      1     i77,«» 
ic-S.DDo    \     (<;,Qoo      1     173^000 

TAe  lints  marked  A.  B.  C  indicate  the  loads  corresponding  to  the  AiiiiEstON  tractive 
power  of  these  three  engines,  computed  on  the  basis  of  one  fourth  the  weigh!  on  drivers. 

The  remaining  lines  indicate  Ihe  CVLINDEK  tractive  powers  for  the  same  engines  at 
various  points  o(  eut-oHs.  as  follows  ; 

Engine  C.  ao"'a4''.  Ctmsolidalion,  4S  tons  on  drivers.  At  half-stroke  the  cylinder 
power  is  somewhat  less  than  the  adhesion,  and  at  70  per  cent  very  slightly  over.  Only  at 
very  slow  speed  can  such  an  engine  furnish  steam  for  running  at  70  per  cent  cut-off. 

Engine  A,  m"  >  a6",  Consolidation,  50  tons  iin  drivers,  or  s  tons  less  than  B,  but  iden- 
tical in  cylinder  capacity,  showing  that  the  latter  is  in  escess. 

Engine  S.  n"  •  a6",  Mastodrm,  55  tons  on  drivers.  The  two  lines  for  cylinder  tractive 
po«er  apply  alike  to  engines  A  and  B.  In  both  of  lhc^^  engines  the  qlimier  power  is 
much  greater  in  proportion  than  in  engine  C,  and  cannot  be  fully  utilijed  at  one  fourth 
adhesion.     As  the  working  adhesion  on  a  good  rail  ofivii  rises  much  higher  than  one  fourth 
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THE  PERCKNTAriK  OK  fMANCK   IN   IHE  NET   LOAD  RESULTIKC   fltOM   A 
CHANG):   IN  THE  RATE  Ut'  ANY  CKAOt- 

693.  Assuming  Tiible  170  as  a  basis,  wc  can  rradily  dctrrminr 
from  iu  ill  the  manner  below  ouilined,  the  two  follon-ing  laws, 
whicli  are  itic  foundalion  fur  a  correct  estimate  of  the  value  o^_ 

reditciTig  K''^tl£:  ^| 

First.    WhiH  the  r<iU  «f  any  out  give h  ruling  ^rade  it  ii»erfa*ed  ot 
Jetitattd.  the  corrtspondiHg  VY.K.QV.siK(iv.  0/  increase  or deereate  in  ''A^_ 
(HSitte-miltagf  Ttijtiiifd  te  dandle  any  gitm  loiinagt  varies  almfitl  ^t^^ 
ratify  at  the  ekangf  in  rate  0/  grade,  funeex^er  mufti  or  Utile  the  (hangr 
may  be,  iltg  filly  iifrfadng,  himffer.  at  the  increase  is  greater  antl^ 
trtajing  at  the  decrease  it  greater. 

For  example.  If  >  o.fr  per  cent  grade  be  increased  10  0,8  ih«  IncreaM  hi  en> 
jEi'ivt 4011  usee  required  i*.  (or  Consolidiiioii  enKlne«.  ff^  =  31,7]  tut  ecnt   iii' 
create,  or  lU-'i  per  iieol  per  n  1  per  ccn(  »(  Kriidc  :  liui  if  ii  be  tncreaacd  10  1  } 
petCTOt.  ih*  incrfaso  is  ViV  =  "-"3  37  percent  increase.  i>r  11,43  per  «iil  pe^ 
o,  I  per  ««ni  of  qrade  :  beinit  about  it  per  cent  more  per  ai  per  cent  v4  gr 
thuQ  for  (he  xinallct  increase. 

If  the  entire  weight  uf  the  engine  he  considered  a  part 
the  tr»iii.  this  liiw  is  exuct.  rcg;irdtc^>  of  the  iictuiil  weight  of  ttie 
engine,  and  the  engine  lonnagc  varies  pkecimxv  with  the  char 
in  rate  of  grade,  as  may  be  seen  in  Table  i7>. 

Second.  The  AMOtJi«T  n/  this pertentage  0/  inerease  or  deertatt . 


hovevti,  thiA  turplui  c^'lJTid'T  (Kiwvr  ih  hlul^  10  be  xtry  lucful  in  hmdlinj:  hnivir  inv 
euily.  vid  Indicatn  Ilial  tuEiiin  B  it  liH>t(  it  bcltri  dnij^npd  (Ion  r acinv  C  for  the 
cRicleni  Ifiiuhl  »rri  iix-. 

H'tfrr  fitd  ofJtylant  ngimtt  art  aJtunt-ifMii  nrnj-  be  vtry  cluily  mwo  fiwii  llil 
(]U|;run  a*  followi : 

Reffrrini;  to  the  hud-lSno  lo  T^tble  iTft  ll  will  be  »cn  thai  Itie  total  welehl  of 
Iii:hI»I  AneiicAn  tRt;mr  and  Ihr  WKIOIf  o»  nKIVKRi  iif  (tir  hrAvlnt  MiMi-dnn  an  Ihr 
Kim*,  ft  ton*.     A  lank  eat^ni  of  th«  tame  tuUl  wmchi.  all  of  ii  oii  ilriv(ti>,  iihilr  ■■  wiU 
b!  a  ranch  liihlcr  and  ehapri  muihiac  lliin  Ilic  Mailnlaii.  and  be  tqiial  to  mudi  lO' 
tpeoli  onlT,  will  hiiv  a  i;n->l*r  net  (laclKv  puwcr  on  a!)  (radts  bjr  the  ccinitant  amoui 
ol  J5  loni  (uvcd  tn  dttpenitiie  •''>'>  ■  IxulKt  and  li-adinE  Iruck)      Tturn^Iotr,  [ilollitij; 
Fit^  ffig  a  tinr  lor  i\  toiu  crater  loadi  than  for  \he  upper  heavy  blark  line,  we  find  I 
Dii  the  hiEhpr  cradn  >'  niaka  an  enatmou  dUTerEin'c  In  the  iienxnUjC*  oF  nel  IruJ 
h.iulrd.  but  ai  ihe  low«r  cade*,  bvluw  1  per  ixnt  (1116  II-  per  mile),  arc  iracli«l  Ihc  Iwo 
line*  become  alRical  MincideiU. 


i 
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^Vgiue-li»iitagt  rt^uireJ  variei  taustJeruNy  K-ilk  tath  gtaat,  tttiig 
tuitfir  firt  timei  ,ii  muf/i  oh  a  Uvtl  as  >•»  rf  j  /f  (fHt  graJe ;  amt  h 
ubi'til at  giprn  ia  iht  JoHtwing  TaNc  171,  where  these  percentages 
are  given  for  all  gradesi  determined  in  a  manner  we  will  shortly 

(review. 
964.  ThcM  two  facts  being  deAniicly  ascertained,  wc  liave,  in 
order  ii>  determine  tlie  elTct;t  of  any  change  of  ^rade  upon  the 
«nginc-inileage  required  lu  liandle  h  lixed  tonnage,  simply  to 
mtilttply  the  percentage  given  in  Tabic  171  (whtcli  see)  tiy  the 
\\»XR\xt  oi  Unlhs  ^r  (tut  <haitgf  d/  graJe  iw  obtain  the  total  in- 
crease in  engine-mileage  which  will  be  required  for  any  given 
cluinge  of  grade :  or.  the  same  fact  may  be  still  better  deter- 
mined directly  from  llie  actual  load  on  each  grade,  given  in 
Table  170.  Tliiit  percentage,  multiplied  by  the  proportion  of  the 
«x{>enses  which  varies  with  the  number  of  trains  or  engine-ton* 
nBge(tl)e  car-milcageand  trallic  remiiining  constant),  i.e.,  by  the 
portion  of  the  expenses  which  would  be  <loubIed  if  the  engine- 
tonnage  were  doubled,  will  give  the  annual  cost  of  a  proposed 
increase  of  grade,  or  the  annual  saving  of  a  proposed  decrease. 

699.  Tabic  171  fsec  p-  556)  i»  deicttnincd  from  Table  170  in  the  fol- 
lowing simple  mnnncr: 

Taking  only  three  types  ol  engines,  the  lijihie^it  "American."  beaviett 
'Cantolicbtcian.  and  any  engine  ol  tlie  same  ivciKbl  on  drivers  ui  the  i.itlrt. 
but  counted  as  jxri  ol  llie  irjii.i.  jtid  coni|ia[|nt;  llie  ncl  lln^d^  ji'^'*'" 
lor  );r-ide«ol  Ix'vcl.  0.5.  I.O,  I. J.  and  3.0  per  cent,  wc  have  the  fol'o«ing 
net  loads  hauled  :  G«^t*a( 

Litihi  American 1198 

St'nd  CtHisuJidution,     .    .     19:0 

Heavy  cnj;.  incl'd  in  train,     3000 

Then  it  »  evident  Uiat.  wluitever  ihr  total  lonna^  to  be  moved,  the 
Ipoceniage  ol  increase  in  the  cnftincmilraKc  required  to  ntovc  itwili  be 
IwEib  a  I.J  p^r  cent  miitcad  of  1.0  per  ceni  ruling  grwlc, 

Ceoullilulim.  £•■«>■(  inil'il  imh  U*l& 


OlS. 

1.0- 

kS. 

z-a. 

S04 

3«>S 

311 

.56 

"^i 

77? 

S5J 

4K> 

'333 

8S7 

651 

Soo 

30s 


=  t,wfi. 


777 


=  1.408. 


Ill  --  ■  5SJ  - 

[limes  that  re<]uired  on  a  1  percent  ^rade.  or 
44.5J  percent.  4oJt  per  cent. 


35.7  per  cent. 


5S6     CHAP.  XIl'.—SFFSCT  OF  GRADES  0.V  TKAIS-LQAO. 


Taih.k  171. 
Pbhckntacr  OS  iHCkKAtt  (ok  D»u:R£Aii:)  in  the  ENcixs-MiLSAaB  luqviii 

WHICH    KKMII.TS   rSOM    ANY   ClIA.VlE    IN   IKE    R.\TK   Ol    AKT    GRAbE. 
|[>*<luc*d  ((em  the  IMR  Tiblc  1^  >o  the  muiDcr  cvptaliwii  in  Talik  i;i.| 


'     INCREASe  P«  Cnrr  u>  BH-irmr- 
U<i.iiAc«  Ptr  0.1  «f  Chang*  In  Gr>il« 

Crid* 

Chtnged 

DECREASE  fri  C%mx  in  Bkcui- 
>\'\.%vM  P%i  0.1  ofClwiB*  in  Or*<o 

+  I.S 

)*8 

»6. 

jtS    ^ 

Mile. 

!5.>8 

1<  4       1       »!.» 

Jt.o 

1 

•1-I.D 

+  «.» 

+  M 

I'trcfni 

-0.1 

-  0.1    {    -  L* 

-1.1 

>S.«I 

■,.fa 

i«<4 

»S« 

Ural. 

..,.      1       ... 

... 

11.01 

■1.05 
lo.M 
9R 

X.JO 

•In 
■A  >i 

■  ..,4 
II.II 

»  Co 
,.8. 
0-'» 

■I.« 

1».7> 
■  l.lO 

•.J* 

'I  J 

It .  1 

')    J 

11. .J 

lu.b 

.10 
.10 
.10 

.40 
.10 
.10 

.70 
.80 
.M 

»,6 
...<) 

11 1 

II.S 
it>.6 

»-» 

u.o 

».* 

.... 

11.11 
»»< 

B.M 

.... 

.... 

».0I 

*.»« 

B.o 

1  1 

1.00 

,.« 

T*> 

I'M 

... 

»0i 
T.rt 

S.6T 

T»0 

4-» 
1» 

6.69 
S.6> 

J" 

S-» 
J  ' 

.-6 
«  t 

1.10 
1.40 
1.60 

1.00 
3.00 
1.30 

1.40 
1.60 
1.60 

*» 

}  1 

«  4 

O.lu 

»■'» 

4.M 

S  H 

«■» 

J.«« 

«-»o 

♦■»J 

«-«• 

to 

3.00 

1» 

,.«. 

I.IO 

J.  17 

4»l 

>■« 

)-t4 

3* 

1.30 
4.00 
1.00 

}  5 

)  » 

..Si 
■  i' 

■ 

ThtMt  fritftittixfi  trr  <vmf'tiifJ /•tr  jir  jrtrmgt  OuarlMa/iM,  hnvinjc  ii  lont  in  _. 
Iliv  powct  r>t  MVoua  Ibi.  di  iltivTt*,  but  tiirj  an  vabaunthiSj  Ihe  vnw  lix  ^  fniidit 
4'a|;inr».     Si-v  p.tt.  £^R. 

/tv  mirr/^j/i,"!  Jiiy  ilniml  ivrunuicf  cui  br  dclcrnilncd  (ram  the  above  very  ■)>■ 
pro>jniJitel>'.     Thuti  ft'i  an  iiicituv  u(  0^,5  tii  J  <^J5  tP^^  ^'^  havo 

'  imcrnl  innouw  in  wginr  mao^ft 


-— ^-^^-'^-—  =  laoj  A  7  5  ' 
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Eucpjr,  It  It  (Table  ijo} 


4^ 


M.64  per  cent.  tuCTttua. 
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'otal  increase  of  engine-mileage,  equivalent  to  an  average  increase /*r 
**■  •  t>/  increase  of  grade  of 

8.91  per  cent,  8.16  pec  cent.  7.14  per  cent. 

P'or  an  increase  from  a  t.o  per  cent  tu  a  3.0  per  cent,  we  have 


AmcHcan- 


Con&olfdatiDn, 

VI 
420 


=  1.850, 


En(j.  incl'd  wjih  irwn. 
857 


^  *otat  increase  per  cent  ol 

95-5  percent,  85.0  per  cent,  71.4  per  cent. 

^**"  an  increase  per  o.i  per  cent  of  increase  of  grade  of 

9.SSpercent.  8.5opercent.  7.i4percent. 

696.  ProcecdinR  similarly  for  other  changes  of  grade,  viz.,  o.i,  0.3, 
^^-S,  and  i.oper  cent  of  increase  from  a  1  per  cent  grade  (making  the 
**iHximum  change  considered,  from  a  f  .0  per  cent  to  a  2.0  per  cent),  and 
*^fimputingalso  the  comparative  engine-tonnage  required  for  correspond- 
'n-.;  decrease  in  a  I  per  cent  grade,  this  extreme  reduction  being  to  Level, 
^c  obtain  the  following  Table  171,  in  which  the  computations  in  the  last 

Table  172, 

Showing  the  Effect  of  Varioi-s   Ciiangks   is  a  Ove  Pkr  Cent  Graof 
ON  THE  Engine  Tonnage  reijuired  for  Three  Patterns  of  Engines. 


FnH  A  Dterratr  IH 

A  1  on  PiK  Cut 

ClADK  OF— 

t 

Mikins 

th( 
Grade 

The  Per  Cent  of  Chanck  in 

Ann  THK  sAun  Pm  o.i  Pbh 

CBNT  OF  C NANCE  IKGnAQE  IS  — 

Light 
Ameri- 
can 

c™'  i^-'^S'' 

Con.  n.  :     .i.,^,„_ 

Light 
Ameri' 

can. 

Eng,  inc. 

Willi 
Train. 

1  -0  pef  cent 

0.) 
"  i 
a  7 

09 

1.00 
t.1 
■  •3 
I.J 

l.J 

74.5 
S3. 9 

39.  S 

'43 
1.4 

») 

26-0 
44.6 
64.0 
9S.S 

73-4 
Ji  4 
jl.f, 
13.1 
S.B 

7t 
34.1 

40. A 
jB.. 
Bj.o 

7'. 4 
}o,o 

is  7 

"4 

7- '4 

».14 
JI.4 
SST 
SO.O 

71-4 

745 
7.70 
J.90 
B.ii 
S-41 

8.  S3 
B.6S 
S.gi 
9. '4 
9SJ 

7.J4 
7-49 
7.4= 
7.JI 
7.83 

7-9» 
!.o« 
t.i« 
«.3' 

t.ja 

J.>4 
7.14 
7. '4 
7.1* 
7.<« 

0.1   "  ■'    

«3    ■'     "      

o.r    '■    "     

And  for  An  Incrtajr 

7- '4 
J- 14 
7-14 
7-'4 
7-14 

"i  "   "    

0  T    "    "    ■ 

ID      "       "        

Computed  from  Table  170 111  the  manner  explained  in  par.  695.    The  reiulli  of  limi' 
br  computations  for  all  ram  ol  |;rade  are  condensed  In  Table  171. 
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iolumn  )>ut  nnp  cnrroipnTKl  siibsinni tally  with  ONt:  LISK  Ittiat  for 
Kradri  itf  Tublc  171.     AH  I  her  k>thcr  lirtc$of  Tubic  171  w«e  citmputed  in 
tlie  Kime  way  (r'>m  Tiiblc  170.  the  figures  only  diflcriiig.  ^H 

697.  It  will  b«  seen  mi  Tjbic  17:  tlmt  if  ne  fl»l  only  with  gm^H 
irniii  load!)  we  ^ei  exactly  the  >,.\n\<:  pet  cent  <^f  ch«n^  in  motive- 
powpt  per  unit  of  change  ol  grade  wlicthw  U  be  great  or  »mall.  In  pro- 
lion  HA  the  [lead  weight  of  the  engine  bccomeii  u  Urgcr  [>fot>OTttoa  of  the 
weight  on  drivcm.  ihr  iibsoluie  per  cent  of  change  in  mutivc-power  in- 
crc;iNi!s,  iiiiil  likpwi'ic  ihc  irregularity  of  the  percentage. 

698.  By  iiilerpululion  in  Tabic  171.  the  percentage  for  almost  any 
kind  iiF  a  chanKC  <il  grade  can  be  readily  determined.  Ttiesc  {lercentagcs 
rfo  iioi  vary  to  any  inipunant  extent  with  the  paitcm  o(  engine,  wliliin 
the  range  likely  tu  be  used  (or  freight  service,  nor  even  (or  iiunf^ider.ible 
ditTcTcnces  in  the  assumed  ratiu  of  adhesion.  Moreover,  afl  It  is  now  well 
established  thui  \  is  ihe  proper  ratio  to  sssunic,  (or  American  practice 
at  loast.  no  other  *liouM  I'e  .osiimcd. 

699.  Ordin:irily  the  rlMii)-es  of  gr.ide  which  the  engineer  is  called 
upon  to  consider  ate  not  very  great.  The  typical  percentage  for  any  of> 
diiiary  change  in  any  gnide.  lor  u.te  in  estimating  the  vuluc  of  a  rethK- 
tion  or  the  cost  of  an  im^rcase.  may  there(i>re  be  taken  to  be  tliat  due  to 
a  change  cA  0.1  per  cent  in  It.  as  shown  in  Table  178.  which  i«  i>nu:tici)lly 
the  •Kxxnv.  (or  either  ;in  incrcii»c  or  a  decrease  of  grade.  For  extreme  dil* 
ferencea  of  conditiont,  of  any  kind,  thp  actual  percentage  of  change  ii^ 
engine-tonnnge  xhould  be  directly  computed  from  thcreUtlve  traln-b 
given  in  Table  I7« 

We  are  now  prepared  to  consider  the  coat  o(  changing  the  hauling 
power  111  eni;inex  by  changes  of  grades. 

700.  'KjAAc  17)  will  illuoltxlu  h'lw  riiormuutl)-  the  virtual  utadienl  as  well 
>>i  the  work  uf  ihc!  engine  may  be  increaK^d  by  frequent  itupi  and  quick  itana. 
On  the  New  York  Elevated  Railway  the  iiopi  are  ko  close  loBcitirr  that  it  is  ab- 
aolctety  eswntUl  that  -pceil  should  br  ^(riitrn  up  very  quickly  indeed  il  reason- 
ably (sBt  time  is  !<■  be  made.  AccordiiiKlv  "'e  finil  thai  the  work  don«  in  get- 
ting up  speed  il  equivalent  to  on  addition  to  the  aciUAl  srjO<?  •<!  3.63  per  cent, 
or  139  feet  per  mite— an  ailditlaa  «o  great  that  whether  the  atiual  grade  tic  I 
percent  ap  or  1  per  Kent  ilowu  muket^  rcinipatwively  little  diilereoce  in  ibc 
wurkinK  of  the  engine.  Tabte  173  Rives  an  extreme  example  of  conditions 
which  obtain  very  largely  in  passenger  service,  and  which  make  frequent  Mopa 
■  very  terious  iliiail vantage.  Due  allowance  fur  ihli  effect  should  never 
IorKOii«a  in  attempting  to  Jtlerinlnc  what  the  actual  Kraijeii  aie. 


»ge  lit 
-toa^H 
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Table  173. 

"^'JWDUMG  OF  Tkaims  on  Manhattan  (Elevated)  Railway  {Third  Avrnui 

Line). 

IPram  ■  paper  br  Mr,  Fnnk  J.  Sprague  before  ibe  BoitoD  Socieij  ol  Arts,  1U6.] 


r*"*»  ^nll  "I  lio*. S.^lmilei. 

r?**-al  lili,  up  UKk I44-4S  ll. 

_■*«»!  diiuuK*  (or  «wne ij.ifa       (l 

l_^'*-al  li/i.ilo»iii  ir»ck 117-60  (i. 

,        ^^  ul  djituicc  of  laflie..,..  ..,    16,51a       (i. 

fL. 


'    ^  >f el  00  each  track ij.ioo 

*-"t  mbcr  of  nuioiu 


Nt: 


Lmbcr  of  itoppagn. , , . 
Ave  RACE  TiHES ; 


^tj  sigleinp 4iai)a. 

■S^^i  tuuoD in  ICC. 

^^  nder  wajt ia    " 

^^*-op IT    ■■ 

■^    iBK  doe  to  A  niD  without  *top  4t 

DUX.  ^Kcd  of  19.3  m.  per  hour..  96.56010. 
T'Mal  lime  aunding  will  it  Ma- 

UODtp  AE  17  HC.  each-.. 7.37    " 

"X'line  krti  in  iLowing  up  and  gel' 

titiR  andei  vAr 1.07    " 

Total....  - 49.00 mip. 


Average  dislAnce  between  ilatioat,     i.fai  ft. 

Divided  nearlv  as  follows; 

Getting  up  In  lomilet  per  hour ijoft. 

Thence  to  full  apced  (19.1  mileaper 

^hour)  ,     49sH. 

Full  speed, SoS  f L 

Slowing  to  stop. slvft. 

Average  5peei>— miles  per  hotir : 

Getting  tinder  waj  ,  -  - ,  - 

Fullipeed 

Slowing  lollop 

Mean  Ktwcen  italiont, 


'J  4 
■  q> 

9.6 


Daily  Work  or  One  Encihe  ; 

Round  tripi  made,,.-,,...,. 9 

Coal  uted 5,760  lb». 

Hours  on  duly .,,.,.,,.,  a^ 

Hours  u4ing  qtcam 6 

Av,  conflumpoon  of  coal  per  trip.,.,    640  Iba. 
Total  borse-powcr  per  round  trip. , .        ^■tS4 

Horte-power  per  pound  of  coal  -^  =     a.tt 
040 

Poundiof  coal  per  H,  P,  p,  b,,^ — r:  s      A.» 
^.66 


Tor  a  vpeed  in  mileaper  boar  of , 
The  lelocitT'.bead  (Table  iit)  ia  . 


10,0 
3.55  ft- 

'3!  ft. 


13,10  It, 


Divided  by  dlwance  to  acquiic  that  ipecd 135  ft.  4M  ft. 

Give*  u  (he  Tinuai  gradient  due  to  that  acceleration,  in  eacesa 

of  the  actoal  KTaoc        -,  ---,-,,,,.,,,.,.,. .,  9,63p,c.  9,64  p,  c- 

II  the  actual  grade  be  i  per  cent  up,  Ibe  ume  ipeed*  will  be 

acquired  in  adiiuinceof,-- ,.- - 91a  ft.  Boo  ft. 

Oril  I  per  leni  down,  in 98  (I.  360  ft. 

Btco  ao  eiireaK  a  diflerence  la  grade  makei  comparaiiTely  Utile  diflerence,  therefore,  in 
pncijcal  operation. 


Getting  up  speed  to  19.3  miles  an  hour  a6  limes  is  equivalent  to  lifting  the  train  ver- 
tkilly  13.10  ysbx  340.6  (i,  in  a  run  of  S.5  miles,  or  40  ((.  per  mile,  whereas  (he  lota] 
IiictiTe  mistance  in  motion  &t  that  speed,  at  lo  lbs.  per  ton,  ia  equEvalelit  to  some  16  It. 
pet  mileonlj. 
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CHAPTER  XV. 


THE   EFFECT   OF   TRAIK-LOAD  ON   OPERATIXO    EXPKNSCS^ 


701.  The  increase  in  train  restsiaitce  which  results  from  an  Im 
or  nilinji  Rmdc  can  be.  and  i>,  ovcroomc  in  cither  of  two  ways:  <i)  By  an 
increaw;  in  the  u'cijtht  and  power  of  engioM  ;  (2)  by  decreasing  the 
and  increaiiiiig  the  number  of  tritins. 

The  SfM  of  these— iiK'reaiing  ibe  weight  of  engines — it  by  much  t 
cheapei.  but  1«  only  poMiblc  to  a  limite<l  extent  and  under  special  cir 
cumstaiices.    Ordinarily,  it  x*  not  fair  to  assume  tliat  lieavicr  cngini 
are  Used  on  one  alicmatt  );rflde  than  on  anotlier,  because,  whaicv 
advantaj-e  may  be  ^aineil  by  using  heavier  engines  on  ooe  grade  may 
equally  well  K^incd  "n  ibe  other  grade.     It  la  (ar  more  frequently  pnttSf 
bic  to  fairly  iu^uine  the  um  of  hovicr  engines  on  heavier  grades  witli 
passenger  than  with  freight  sen-ice  but  passing  (until  par-  7P)  the  que*- 
tion  of  when  it  is  or  Is  not  possible  to  adopt  the  cheaper  cspcdicnt.  w« 
will  estimate  the  cost  of  each  separately. 


TIIK  Cun-  or  IXCRSASINC  THK  WKttiKT  OF  ENCIXES. 


70J.  The  following  item*  wilt  not  be  increased  at  all  b>-  an  increase  o( 
weight  of  engines  to  suit  ihc  rcquircnienis  of  a  higher  grade,  the  weight 
of  train  remaining  the  same :  The  cost  of  <i)  repairs  of  cars ;  (3)  tr.iin* 
wages;  (3) general  rxpcn*cs  :  I4)  mainicnanceol  wayand  woris-exdas 
of  rail  and  tie  renewals  and  lining  and  surfacing:  (;)  that  fi.tr li^n  of  1 
maintrnance-of'W.iy  expenses  liut  excepte<l  wbkfa  is  caused  by  the  can 
and  not  by  the  engines. 

Tlie  mi»t  reaJHinable  estimate  which  caa  now  be  made  of  the  rrlati 
eifect  of  engine  and  cars  upon  the  track  is  (pani.  1 15.  ■  16)  that  con-udi 
ably  over  half  of  the  deterioration  of  track  comes  Irom  the  pasaage  ol  en- 
gines over  it.  and  ihcrcmajnder  only  from  the  paaMgeofcari.  which  may 
weigh  ten  or  twenty  times  as  much.    Assuming  one  half  only,  we  are  led 


I 
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m  the  oinelu^inn  (ace  Table  175)  that  more  than  (hr«  qtutrtemol  ilie 
toul  expcii'liturt-  is  ii>iHtIcct«d  by  aii  iiiertiue  of  the  weight  of  engines  in 
aity  visible  and  ilimri  way. 

703.  The  cflvei  on  Cu^-T  or  main  ienance  or  TRACK  of  increasing 
Ihe  m^bt  of  engiites  has  been  greatly  modified  and  much  reduoed  sinc« 
the  publkation  of  tti«  lint  edition  of  thh  volume  (prcpafcd.  us  it  ncccs- 
aanly  was.  from  k*mtiU  which  were  some  years  old  in  r876)  by  the  now 
universal  use  of  «iect  raiU  in  place  of  iron.  Tlic  causes  and  extent  of  the 
changes  ttiu*  brouylit  about  have  been  already  .lummiirixcd  in  par.  109 
W  uf.  The  moot  impimant  ol  all.  as  rwpectH  the  uh:  of  heavy  engine*, 
is  that  the  nature  ol  the  wear  of  raiU  ha»  dianged.  With  iron  rails,  the 
wear  took  the  form  ot  a  crushing  or  lamination,  which  destroyed  their 
surface  long  twforc  the  direct  abrasion  had  become  a  serious  matter.  This 
crushing  wa»  very  greatly  hastened  by  heavy  loads  per  wheel,  and  in- 
creased in  much  (aster  ratio — 10  the  extent  tliat  iron  rails  which  would 
sustain  the  passjige  of  light  engines  tor  many  years  would  be  crushed  out 
by  heav)'  engines  in  a  few  monihs.  On  the  oiher  hand,  with  bIccI  mils 
(excluding  tliosc  of  Infcriorquatity.  of  which  far  too  many  havclxen  and 
are  Uid)  the  wear  i«  merely  direct  abrasion,  which  is  not  materially  in- 
creased  per  ion  of  train  either  by  load  per  wheel  or  speed.  As  respects 
the  iiM  at  least,  there  is  veiy  good  reason  to  believe  that  it  inr.reascii  in 
much  leu  than  direct  ratio, 

704.  For.  ai  reipecii  ifieed.  when  tbe  quesilon  is  one  m«relr  o(  abrwdon 
and  iMit  o<  desinicilDn  impact,  the  Iru  ihe  TiUK  10  wtiicb  the  rail  U  cx)M«ed  lo 
load  the  IMS,  oodoubtoiltr.  tbe  narcnal  crushing  effect,  fnr  the  (ante  reason 
thai  journal  and  other  (i.e..  brake)  friction  h  less  at  high  speeds  oc  (bat  it  Ukes 

force  U)  i«ptare  a  specimen  la  a  tot'  — 


I 


rw^- 


ins-muchine  qukJily  (ban  dowty.  Imiwcii 
pmpcr  piny  I  heir  part.  ni>  iloabl.  in  the  wear 
«( iieel  tail*  »  of  iron  rail*,  but  to  long  as  the  Pk..  i^ 

■arfacc  remaiiu  lolcritbiy  aood  (»  It  ctoes  a1mo>ri  incleliniletj  wiih  ibe  best  sieel 
ni1«)  it  i*  a  unall  part.  When  the  Mir(a<e  becomes  leriouily  impilred  *tee) 
nit*  Ko  alnMMi  a*  quickly  as  irani  but  either  with  Meet  or  Iroa  the  cflcei  of  tbe 
impact*  is  nni,  as  is  olien 
assumed,  as  ifs^.  Thii  is 
imr  at  ■  body  impinging 
direeily  upon  aDolher:  but 
one    eaiosed    to    impinge  ''^  'r'- 

upon  aflMber  In  tumping  from  A  la  B  under  conditions  outlintd  clearly  enOD^ 
in  F<K.  170  tmpinKessi  >  didereni  angle,  nhlch  has  ihe  effect  of  reducinit  ibe  im- 
pact commtinicated  to  if  to  Ibc  jipproiinutc  ratio  .V:- ;  and  when  we  asMm*  a 
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cue,  u  In  Fig.  it>.  hHI  more  closely  approachinK  average  praeiteal  coniNlkMij 
Ihe  communicAled  Impact  bccnnies  moic  ncHrty  in  ihe  railo  .\t  v'c-. 

That  ihli  is  so  tollons  cleady  (rnm  experience  on  tracks  nhere  the  var 
lloni  o(  speed  are  con*lcler«ble,  ii3  notably  un  the  loui  tracks  of  ilie  New  Vn 
Cemral  &  Hudwn  Rivet  Railroad,  two  of  wbkh  are  u»ed  foe  pastenser  »er- 
vice  only,  and  mo  (or  IrelKhi  nnly.  Theob»erved  rate  of  wear  per  ion  I*  nearljr 
eonKiant  on  ilienc  iinck*.  in  »)>ilc  of  the  fiict  thai  the  proportioo  o4  enRine'lon- 
nage  lit  sovcml  limei  Kicuter  on  the  pataenget  tracks.  ^^ 

Ai  re*pecti  effect  of  increase  of  load,  abrasion,  other  thinss  being  equa^H 
(tliauld  be  in  some  aiiproximaicly  ex.ict  ratio  to  ih^^ 
mi.iiniiuu  Abte-slrain.  If  we  auume  an  elastic  cyl> 
indei  or  Hphcre  to  be  rollirg  cio  a  plane,  a  dlstor' 
tion  of  form  will  result  from  compretiion.  rudeljr 
ooitined  In  Fig.  171.  The  volume  u[  thL*  solid, 
shou'ii  in  plan  In  Fig.  173,  will  be  in  cllreel  ratio 
lu  tile  lolul  load,  but  Ihe  m&xiniuni  fibre-strain  w3 
be  in  proportioo  to    the  muximum  ordinate  CC\ 

which  varies  more  neatly  a*   \' i.  or  eevit  V^L  1 


alio 

1 

ise, 

I 


Pic.  ira. 

C 

Flc.  ijj. 
cording  to  the  Hssumpiions  as  la  the  surfaces  in  coniaci. 

The  subject  is  loo  obscure,  and  i«o  unimportant  (or  our  immediate  purpose, 
to  consider  further. 

705.  Till.-  observations  of  the  Pennsytvnnia  Railroad  on  thr  wear 
rails  onii^dcs  (par.  4;7I  also  lend  to  sliow  thai  nm  more  than  liull.  ort 
moat  iwo  ihirds,  of  the  total  cost  of  rail  wear  can  be  considered  lo  var 
dtrectljr  with  the  cnginc-lonnage.  the  cttr-ionna)^  remaining  (»nsxanil 
whcrciw  in  the  first  edition  of  this  treiilisc.  bused  in  the  main  on  iron- 
raJI  st^tistict.  the  wHni.r.  cisl  ol  rails  was  a^unu-d  (uml  the  writer  be- 
lieves with  Kubstnnliiil  corttcines*)  Ut  vaty  iis  the  sql'auk  of  the  ureiEht 
oiidrivcrs.  or  at  the  rate,  f'lr  small  increment*,  of  100  per    cent.*   Thi» 
chance  is  one  small  evidence  of  the  immense  advantages  which  liuve  r;^| 
suited  Ironi  the  introduction  of  sicel  rails,  ^" 

706.  Ot  the  reiuainlng  items  ol  the  cost  of  track,  liking  asd  sen- 
FACIXC,  in  spite  of  spp^itcnt  rcjitons  to  the  contrary  (discusMd  id  jwt. 
135),  is  affected  hy  increased  weiRhl  of  enRinc*  in  a  considerably  ^icater 
iraiio  tb.in  the  tail  wear,  and  tie  re'iewati  to  a  vert*  I'linsideratiic  extent. 
KlthoiiKh  not  quite  »'i  laiijclv.  We  may  not  impniperly  take  half  the  total 
cost  o(  rails,  ballast,  tie-,  ad  justing  irack.and  switches  frogs,  and  sidings, 
as  vatyinK  directly  with  the  avcrajjc  weiglii  on  drivers,  car  lonnug«  being 


'  For  the  reason  (to  Ibove  familiar  with  the  elemenii  of  the  calculus)  th 
Jtif^  =  2xd*.     See  p.  90.  old  edition. 


I 
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Cixisiani.  With  interior  steel  mils  it  muy  be  much  more,  but  wiih  such 
niU  as  may  be  had  at  Uic  same  cost  by  adequate  care  in  inspection  ibis 
estimate  is  a  tufficKti  one. 

707.  The  rcmainmti  items  of  ntainicnanoc  of  way.  for  VKllKtes  ako 
BVILDINOS.  arc  vcr}-  slightly  atlcctrd.  c'<:rtainly  b)-  not  more,  in  ordinary 
caMn.  than  )  rt-  per  traiii^niik.  the  whole  being;  an  allowance  for  interest 
and  maintenance  i'hur|{e»  on  heavier  btitlgcs. 

708.  KEPAllt.s  OF  ENciNiS are  affected  much  less  than  would  be  sup- 
posed bytbe  weight  uf  engines.  Kenewabcoosiitute,  113  per  Tiible  55  and 
otlicrs.  fro<n  40  to  $0  per  cent  (under  normal  conditions,  which  cxn  hardly 
beuidaayct  10  exist  on  account  of  tlic  rapid  (-ruu-th  ol  traffic)  of  whuiH)t' 
peara  charged  to  •■  repairs,"  Table  174  affords  the  mean*  lor  est  i  ma  ting 
that  considerably  leM  than  so  per  cent  o(  \\vi  firtt  iosi  of  entcines  vurie* 
directly  with  weight,  the  [cmainilcT  being,  within  moderate  limits  of 
variation,  a  constant. 

Of  the  remain-iit!  oisl.  repaint  proper,  it  i«  indicated  in  Table  544/ My. 
and  a  number  of  o:hrr«.tbiit  between  ;o  and  60  percent  is  for  labor  onh: 
an  item  which  will  be  nomewhut.  but  veryslifihily.  uRcctcd  by  the  weight 
of  engine*.  The  rcmiiininu  expenditures,  for  raw  miiteriaU  and  for 
wheels,  axles,  and  tires,  will  vary  nearly,  but  not  quite,  directly  as  the 
weight. 

It  wouki  appear  (tarn  these  facts  that  jo  per  cent  of  the  cost  of  repairs 
ma^.  with  sufficient  ct<-ictiies.i.  be  asuimcd  to  vary  directly  with  weight 
of  engines,  the  remainder  being  constant,  as  has  been  lUrcady  stateil  in 
par.  134. 

709.  Thk  cost  oI'  FUBl  iot  heavier  engines  hauling  the  same  train 
behind  them  will  not  be  largely  increased.  In  not  a  few  cases  there 
would  be  an  actual  decrease.  It  is  to  be  remembered  thaLeiixm  if  heavier 
engtnn  are  used  to  overcome  a  somewhat  higher  grade,  it  is  only  for  a 
th'itt  distance  that  the  uxtra  power  is  required.  (>n  all  up  grades  below 
the  maximum,  and  in  descending  all  grndcs.  the  power  required  and  ex- 
erted will  be  no  greater  than  with  the  smaller  engine,  except  the  slinlit 
addition  due  to  ibr  weight  of  the  engine  itielf.  and  this  power  will  l>e 
KKnevhat  more  economically  exerted  (par.  ;79>.  owing  to  the  heavier  en- 
gine being  kss  pushed.  The  constant  waMagc  from  radiation,  siopptnK 
and  Marlinit.  etc.,  estimated  in  par.  344  el  teg. ,  at  )o  per  cent  ol  tlie  fuel 
consumption,  will  remain  for  the  most  part  constant. 

For  all  these  reasons  together,  on  something  like  two  thirds  of  the 
length  •>'  ordinary  milways  the  fuel  burneil  per  mile  would  lie  but  ilighili- 
if  St  all  uSct'ted  by  moderate  (not  over  Jo  per  (.ent)  diflerenccs  in  weight 
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Table  174. 
Comparative  Cost   Per  Ton  of  Various  Skeb  of  Enginks,  Broad  ano 

Narrow  Gauge, 

{Compiled  fraoi  ialonnaiiDO  furniabed  by  tbe  Bildwln  Locoinoti<rc  Wortci,] 
Ameriian   Tyfie — Standatd  Gauge. 


WllHiHT(0«  lOlU). 

Cost,  lUe. 

Cyunders. 

Total. 

On  DrJTcn 

Eaginc. 

Tender. 

Per  Too  m 
Driven. 

13    X    33 

24. 

IS. 

Is.  750 

•950 

•383 

>3  X  14 

27- 

18. 

6,000 

1,00a 

333 

14   X   24 

ay.  5 

iy.5 

6.J50 

1,050 

321 

tS   X  34 

32.5 

22. 

6,500 

1,100 

295 

if>  X  24 

36. 

24.5 

6,750 

1.150 

876 

'7   X   84 

38- 

25-5 

7,000 

1,200 

275 

18    X   24 

41. 

27-5 

7.250 

■ 

1,250 

264 

Alegul  Tyj 

16 

X 

24 

37- 

32,5 

"7 

X 

24 

39- 

34-5 

iB 

X 

24 

42. 

37- 

'9 

X 

24 

45- 

40. 

a 

53- 

'nsoliJalioii 

20 

X 

J4 

46. 

21 

X 

=4 

sy- 

52- 

$7,250 
7.503 
7.750 
8.000 

$1,150 

1,200 
1,300 

1-35° 

$223 
2:7 
2og 
200 

Tyfif — Klandard  Gauge. 


$9,250 
9-75'> 


$1,400 

1.400 


$201 

isa 


10  X   16 

If..  5 

II. 

11   X   16 

iS, 

12. 

12    X    If' 

111-5 

13. 

13   X   16 

22.5 

'55 

14   X   16 

24. 

16, s 

NV^RBIW-G.Vir.E    Knoines, 
Americau    Type. 

$4,750 
5-000 
5.250 
5.500 
5.750 


$750 

$432 

775 

4"7 

800 

404 

850 

355 

900 

357 

Mogul   Typf- 


11    X   l6 

17-5 

'4-5 

$5.25" 

$800 

$362 

12  X   16 

20. 

If..  5 

5.500 

350 

334 

13    X    16 

23- 

iy-5 

5.750 

900 

295 

U  X    16 

25- 

21.5 

6.000 

950 

279 

15   X    16 

38. 

34.5 

6,250 

1. 000 

255 
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Table  xn.^ConiiHUfJ. 

WtiuiTT  (act  t«u>. 

C««.  iwa. 

CvUVBtH 

Tolkl. 

On  DflTcn. 

BiiSia«^ 

■     Tcnllei , 

Ptr  Taa«M 
OriTtn, 

15  X   IB 

16  X  18 

39. 
34- 

»4-                •6.7SO 
19-                7-a5«> 

1,000 

CDBfuriHB  o(  the  above  Ufale  Bbuw*  thai  the  mt  of  «iifliic<  InotdM*  u  afaMii  ilw 
•Me  of  tiso  pn  Inch  Ol  1.7  hncl«  (llaawwr,  aboui  $}$o  ptt  «<n  drniac-*''!*.  and  9as» 
(■I  rMti  lnKk.ajila:  o^uit  trt  tmUfrt'  affiraximatt  rmlrt,vtn\tti^  (lOU  Uk  ITalt 
AmrrKAi  ptiKVikF  n  Um  iliuidaid  or  nail  tn*- 

Cfmftrimj!  lAr  lifUiil  anJ  kttvttH  eufimn  i(fi»rA>jf*,intiaAih»  lliecott  per  ton 
oa  driomoj  utra  Hcl|[hl  ■•  tnil  lillltoter  Sioo  pci  um,  vIl: 

SunliM    Xtirai* 

ABtrkau, fiM         Si8> 

UoevL ><»  ICO 

CoaaoIMUUdD 115  too 

TtiM*  l!c<"*<  indkal'  thai,  mi  an  avmc*.  th«  linlcDil  of  additbMMl  pmrtr  InentifH* 
a  cnau(kiab)f  lot  Ikon  half  the  av«tai:e  am. 

Ham.  ftunhun.  I*uty.  Wklltam*  A  Cix.  propilMoi*  of  ik*  <rcvfc»,  t«Ma  in  sn  M~ 
cosfMBfioE  tcllR  : 

"  Rapwinw  the  relaitiv «M  of  narraw-  and  ttaadanl-cwce  kKonntlTts  o(  thr  1  iwii 
wdChi  a»d  puieni.  vv  liavc  kint;  titUcvtd  Uui  In  nuMf  <a>c»  whm  narmw-EauiEe  rail- 
nw^  luie  bccu  t>i(Mrtn|>lalnl  il  vunkl  be  mon  MonomiCBl  awl  dnirablc  ii>  U)  HeM 
nib  9fi^  tmltiv  span,  aad  ^4  niJtm);.vtul  nf  iHr  wj^bl  (juaa]  cm  nanov^^ufc  rvuiti. 
Wr  haw.  ibcrWurr.  Rivm  nwch  allmtinn  In  thr  wbjpci  ol  year  ijin  iltfai.  Our  p>- 
fmtnv.*  irxlifam  Uial  for  enelna  al  tlmlUi  ivcighi.  dimenuoa*.  a»d  fntlarn,  diBniqc 
oAfy  m  fatifr.  ihrrv  in  (Mi  Ap|>rTfiabJp  diflefcdiv  in  <tM.  Wlial  rUra  «p«n»  b  In.- 
mlTdl  tif  ihr  eraUFf  <n»ii-ni»i>un-n>riiii>,  i?  q>iii«  •mnpcnHint  l'<r  hf  Ihr  irdanil  bnctk, 
a*  lilt  g,tr»ut  (tltlUKT  between  ihv  Itama  permlti  dl  uidenine  and  iliorl>iuiq;  ilir  litv- 
bot,  wuh  cmnv^iuncliiii;  mlucliiin  iti  Irn^ih  nl  Tranm  An<i  u-hnd-liaw.  Tke  frhorD« 
■bw<  baw  «Babh»  ilw  vni^inr  ir>  nirvr  mot*  n^iilily,  trmnvini*  la  a  imiiiiMi  tmt  el  iIk 
iA)ealau  arced  acalnn  the  lUndanl  c'wse.  t'or  ih«e  nLUon*  vr«  han*  bana  kd  lo  de- 
tlcn  a  fOia  al  ti>aniiant-|taii«c  leciimMivn,  precuety  liisiUr  i&  all  vanfM  cau(!e  and  ibc 
iktaih  si  aimtmrlian  dependtnt  llxnun.  U>  «i]uiralent  fiamnr^aU|;t  i«thm>.  and  which 
«•  oflaMtl « ibe  nane  pritb" 


ol  engines,  and  <>n  ihe  remaininic  dUlaricc  not  more  thiui  jo  per  c«iii  of 
tlic  fuel  bumetl  would  vjry  dirccilv  wHh  the  weight  stid  power  exertrd- 
A«  an  average  of  entire  runs,  it  id  entirely  odequutc  touMimc  ih^i  i>  per 


n 
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■cent  of  ihctotfll  fuel  consumption  varicsdlrcctlywllhllicwcielit  of  cn(;in 
Iiauliiig  the  Kiiiic  ir^m  over  (or  tin-  most  part  the  Nirnc  grades,  and  th. 
ihc  remuining  75  per  cent  'i%  unaHccteil.    On  this  basis,  an  engine  30 
cent  heuvicf  would  avenge  [or  entire  runs  nul  ovef  ;  per  cent  more  f 
to  haul  the  same  trains.    The  con  o(  supplying  oil  and  water  would  v: 
in  ubout  the  same  pfO|fortion. 

710.  These  vnriutis  items  are  summed  up  in  the  following 
Tnlde  175.  Ah  iilreudy  stuted,  however,  it  is  only  under  very 
vxcciilioniilcirciimniiinces  :ind  on  a.  limited  sciile  thut  it  is  proper 
to  assume  ihiit  differences  of  gnidc  can  or  will  lie  overcome  in 
practice  by  the  cliciip  and  ;ipparcntly  simple  expedient  oi  ia 
creasing  the  weight  of  cn};incs  fur  freight  service,  and  on  road: 
enjoyinpf  a  moderately  large  passenger  trafiic  the  same  is  ve. 
nearly  true  of  passcnj^cr  trains.  The  cuRines  will  in  any  case  be 
made  as  powerful  as  is  deemed  fva^tible  or  expedient,  for  convent 
ence  in  stopping  and  starting.  »ncl  for  occasional  exigencies  if  t> 
no[hingetse;and  anything  wliich  reduces  their  hauling  capacity 
the  requisite  speed  between  stations  will  be  apt  to  result  directl 
or  indirectly  in  running  shorter  trains  and  mure  of  ihein.  This  is 
far  from  an  unmixed  disadvantage  under  many  circumstaoi 
(piir.  S9),  but  iievei  iheleSK  it  is  a  real  dtsattviiniagc. 

711.  Table  175  itself  make*  clrar  why  it  is  entirely  imprope 
(D  assume  the  use  of  heavier  engines  lo  meet  the  demands 
heavier  grades,  by  indicating  that  there  is  always  a  great  econ 
omy  in  using  the  heaviest  engines  which  the  trallic  will  warrant. 
To  double  the  weight  of  engine  Ic  haul  the  samf  train  will  only 
ad<l  some  i.)  P^r  cent  to  expenses,  according  to  Table  175.  If  by 
doubling  till-  weight  of  engine  wc  C4»n  also  halve  the  number  of 
trains,  we  immedialcly  effnrt  an  immense ccunomy  in  train-wages, 
engine  repairs,  fuel,  and  maintenance  of  way,  exceeding  more 
ttian  threefold  (Table  ij6)  the  increased  expense  per  train-mile 
due  lo  the  heavier  weight  of  engine.  It  is  only  when  the  grades 
are  so  very  low  (appioxi mating  closely  to  a  level)  that  even  a 
light  engine  can  haul  the  lifiy  or  sixty  loaded  cars,  which  are 
as  many  as  can  be  conveniently  handled  with  the  present  bad 
Mylcof  coupling,  that  heavier  engines  can  be  Icgiiimaiely  assumed 
to  meet  the  requirements  of  a  heavier  grade;  if  even  then. 
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Table  17S. 

El-sTiMATED  Average  Cost  Per  Train  Mice  ok  Doudlikc  the  Weight  of 
Enuikes  to  Haul  tha  Sams  Train. 

{The  percentage  by  which  any  given  change  o{  grade  will  require  the  weight  of  engines 
4<%t  number  of  Irains)  to  be  increased  is  given  in  Table  r?^] 


iTty. 
(Ai  per  Table  So.  page  179.} 


Average 

Coit  <A  Item, 
Ccnifl  or 
Per  Cent. 


S^uel 

■<3il.  waste,  and  water 

Engine  repairs 

Switching-engines 

"Train  wages  and  supplies 

'Car  maintenance  and  mileage 

Renewals,  rails 

Ailjusting  track 

Renewals,  ties 

Eanhwork.  ballast,  etc 

Switches  and  sidings 

Bridges  and  buildings 

Station,  terminal,  and  general 

Total 


Per  Cent  Added  by 

Doubliai  Weight 

at  Bngloe. 


7.(. 

as  per  cent. 

1.9 

I.S 

" 

0.3 

5.6 

50  per  cent. 

3.S 

51 

Unaflecied. 

4  .  *  * 

lS-4 

" 

12.0 

*' 

•  -  '  - 

3.0 

50  per  cent. 

I.O 

5.0 

" 

3.0 

3.0 

*' 

'■5 

4.0 

" 

3.0 

2-5 

11 

■■3 

5-5 

0.3 

30.0 

14. 1  per  cent. 


Added 

Com. 
Cenii  or 
Per  Cent. 


14. 1 


Perhaps  one  further  exception  should  be  made — when  the 
traffic  is  so  very  light  that  it  is  not  pra(;tically  convenient  to  run 
very  heavy  trains,  as  when  it  is  less  than  three  to  five  freight  trains 
per  day. 

712.  Table  175  also  explains  why  there  is  so  great  a  tendency 
to  increase  the  weight  of  passenger  trains  by  supplying  more 
luxurious  accommodations.     It  is  because — 

1.  A  very  powerful  engine  costs  but  little  more  to  run  than  a 
light  one  (Table  175). 

2.  Coal  consumption  is  but  little  increased  by  material  differ- 
ences in  the  weight  of  cars  (par.  129). 

3.  Grades  have  but  little  influence  upon  passenger  trains 
until  they  become  very  long  (par.  397  €t  seq.),  and  by  slight  re- 
ductions of  velocity  on  up  grades  only  the  effect  of  increased  weighi 
(■in  be  equalized  if  necessary  (Table  120),  running  somewhat 
luster  down  hill.     (See  also  Table  180,  p.  579). 
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4.  It  encourages  traffic  to  run  more  passenger  trains  {par.  89)^ 
and  discourages  ii  materially  to  attempt  to  crowd  tlie  traffic  upo 
u  (ew  iraiiis, 

5.  And  more  imporUnt  than  nil,  the  increased  liixur)*  is  11 
great  Httractiun  to  travel,  and  added  travel  tints  secured  is  oS,. 
immenM;  value  to  tlic  property  (pars.  37-41). 

713.  The  cost  or  INCREASIKO  the  NU-MBER  of   ENGIXES  to  HAtJL 

THE  SAME  iRAFPic.  On  account  o(  u  heavier  grade,  may  be  eMimated  a 
follows : 

The  number  of  Irdins  is  supposed  to  be  increaiieil  b>'  a  chance  oi  maxi- 
mum grade  only,  which  will  not  ordinurily  extend  over  one  third  u(  ilic 
distance.  While  running  over  the  remaining  distance,  the  v.-o»k  done  on 
the  train  behind  the  engine  will  vary  according  to  the  weight  ot  number 
clears.  While  runnio^on  thcmaxiniura  grade  the  power  exerted  hyt 
engine  will  be  [he  same,  since  in  each  case  ihc  engine  is  supposed  lo 
fully  loadc-d  on  that  ^radc. 

TI4.  Fuel.— For  reason*  already  enumerated  (par.  J44),  about  one 
hall  of  the  consumption  of  fuel  will  var>'  directly  with  the  tonnage  ot  the 
train ;  tbe  other  half,  iion^isting  of  the  fuel  burned  in  stopping  and  »iart- 
ing  (in  puit>.  gutting  up  steam,  loss  by  r.adiation.  low  by  head  resisiancc. 
etc.,  making  up  in  [he  aggregate  the  y>  per  cent  which  ts  unaffected 
llie  length  of  [he  train. 

If.  therefore,  the  maximum  grade  be  increased  on  about  one  thini  tl: 
length  of  the  rnnd.  while  on  the  remainder  the  grades  remain  aboui  ilic 
same,  about  half  the  consumption  011  two  thirds  of  the  distance.  e4)ual  to 
all  the  consiimpiinn  on  one  third  of  the  distance,  or  33  per  cent  o(  itie 
entire  consumpiion  will  vary  directly  with  the  net  weight  of  tlw  train  ;  sa 
that.  If  the  grade  were  so  increased  as  to  lake  two  locomotives  Instead  o( 
one  trt  handle  the  same  iratBc.  Uic  fuel  consiimpiton  would  be  as  i.O  to 
1.67  at  mr.si.  and  not  as  1.0  to  3.0.  a's  might  be  over-hastily  assuntcd. 
The  ngsregate  coiit  ol  nil.  waste;  and  water  will  vary  in  about  the  aam' 
proportion. 

7IS.  Train'-wace-s  wil!  of  course  vary  directly  with  the  number  ol 
trains,  unless  the  change  of  grade  in  contemplation  were  ho  great  as  I 
shorten  up  trains  so  as  to  dispense  with'  one  brakeman.  which  ciin  rarely 
happen. 

71*.  Station,  tekminal.  and  oekekal  BXi>eK.<iES  wil!  remain  unaf-' 
fected  by  any  moderate  change,  but  there  i*  nothing  by  which  lliey  an; 
GO  quickly  alTccicd  as  by  a  deci<lcd  increase  in  ilic  number  of  trains,  and 
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full  »>per  cent  of  their  aggr«g;kic  may  be  considered  u  varying  directlx 

717.  CMthcCosr  UF  MAISTENASCEOF  WAV  we  cannot  directly  account 
an  liKrcawof  more  than  onchaK  to  two  thirds  as  »  result  of  doul>lin|[ 

'  Vieettginctnileaf^.tliecar-Diilea^reniaitiinKconsunt;  bin  ihe  facts  given 
wt  pdir.  lis  and  Its  accoropanyiiig  Tables  41-44  indicate  that  there  is  ait  in- 
:^irrct  cllcct  Irofii  niuitiplicsiion  of  (he  numbcc  of  iritins  which  teems  to 
^ausic  all  ex|>c'iscs  for  niainieiianrc  of  way  10  increase  fiari  fiittsu  ibcrc- 
^ith.  including;  some  ileitis  sucli  as  ihoM  for  policing,  maintenance  of 
Mullaot.  road-bed.  and  tics.  etc.  etc.,  which  «hoiild  be  aHcaed  but  little. 
■  iany.at^rcntly.  by  the  prrcinc  number  of  minx  over  the  roud.    It  ixiobc 
-wemembered,  in  connidering  tlie  tables  relerrcd  to,  that  during  tlie  yeara 
-whkh  tliev  cover  the  weigiit  ii^i  well  ^ix  the  number ol  train*  has  increased 
en  ormoiixJy.  which  «houlil  naturally  tend  to  keep  ni  41  Die  ounce  of  way  per 
tninmileat  a  high  figures;  but  after  making  all  allowances  (urthi«ilitlcr- 
eoce.  the  chief  cause  for  the  singularly  constant  ratio  of  incteaisc  m  main- 
tntance  of  way  and  maintenance  of  rolling-stock  b  probably  this:  A  oon- 
tinually  advancing  standard  of  matntenancc  is  indinpensable  n*  the  volume 
of  traffic  incre.iscs,  and  the  co^i  of  eacti  step  toward  perfection  incrcnces 
iikiut  4S  the  fqiiare  of  the  number  of  stei>s.     A  very  slight  expenditure 
suffices  to  make  track  good  enough   for  the  |Nt»5.tgc  uf  one  train  a  day. 
Adigtit  addition  suRices  for  two  or  three  tr.iin.s  a  day.  and  m.-ikrt  a  great 
'mprovcment  in  ihccondition  uf  the  track.    A  much  greater  expenditure 
is  DcccuKiry  to  fit  the  track  for  ten  trains  a  day,  and  yet  the  visible  ad- 
vance in  condition  is  much  less ;  and.  finally,  as  we  get  up  to  thirty  or 
fonjf  oe  fifty  trains  a  Any.  a  very  great  addmonal  expenditure  is  found 
necessary— or  ai  least  expedient— although  the  visible  advance  of  cundi* 
tioit  is  very  small.     At  any  r<ite,  the  fact  seems  to  be  that  even  in  so  ex- 
Ircrtie  an  adsance  as  from  six  trains  a  day  to  sixty  fsec  top  of  pi^e  laS), 
the  cost  of  maintenance  of  vtay  fitr  irtim-tHih  docs  not  dccrcue.  but 
rather  the  total  cost  per  mile  of  road  increases  tenfold  with  tlie  number 
i)f  trains. 

718,  Invesigation  clearly  indicates  this  to  be  THE  Tact.  We  are 
therefore  not  jusiilicd  in  going  twhind  it,  to  sec  whether  we  can  explain 
It.  but  must  lake  it  as  it  U.  If  wc  do  s  /.  wc  are  compelled  to  estimate 
that  if  by  a  change  of  grade  we  sh»u1<l  doubk  the  enjjine  mileage  needed 
for  handling  the  same  tonnage,  we  should  niKo  double  the  entire  tan.  of 
mainicnanre  of  way.  Making  a  concession  of  somewhat  doubtful  pro- 
priety In  the  fact  that  the  car-milea;{e  uould  remain  the  same,  we  may  ex* 
diMle  the  cost  of  bridgcsand  buildings  as  unaffected:  but  this  is  the  imisi 
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which  can  be  done.  Statistics  do  not  MM^m  to  indicate  that  the  total  coat 
per  iriiin-mile  on  road)>  wliich  liaiidiv  liglit  iniiiu  is  sensibly  IcM  than  on 
roads  which  handle  heavy  trains. 

719.  Engine  repairs  should  apparently  vary  direaly  with  the  miles 
run  :  but  the  indicaiiuns  are  (Table  42  <'  "l)  that  as  a  matter  u(  (act  it  in 
much  lcK»  likely  to  do  so  than  niaintenaiice  ul  way.ovritiK  in  pjtrt  tn  the 
la  1^  pro  port  inn  of  tncidental  cspenses  (sec  Tabic  S7J,  uliicharc  nut  by  any 
means  doubled  to  maintain  a  double  iiuiiiber  o(  «nginc».  There  will  at»(j 
W  a  certain  diminution  of  wear  and  leJir  from  stopping  and  starting,  etc. 
fficc  Table  8;,  page  103),  from  ibc  fact  that  the  irsins  to  be  handled  arc 
shorter.  Taking  both  of  these  cauics  together,  it  is  not  probable  that 
doubling  i)ic  number  of  engines  to  move  the  same  number  of  cars  would 
increase  engine  repairs  in  the  ratio  of  more  than  1.00  to  1.75.  and  prob- 
ably somewhat  less. 

730.  Cak  Ki:fAiRi<  arc  certainly  affected  beneficially  by  having  a  lc» 
number  of  cars  to  a  truin.  By  referring  to  Table  1S6  (page  30})  it  will  be 
seen  that  more  than  one  third  of  the  total  cost  of  car  repairs  can  be  di- 
rectly traced  to  the  concussions  ol  stoppin)-  imd  Murtin);  and  making  up 
train.s.  Much  of  tliis  expense  nMy  di%:i;>iKMr  with  the  inttr>r[uciion  of 
belter  coupkrc :  but  even  this  is  doubtful,  iix  an  iiutnmatir  coupler  will 
permit  of  much  more  violence  in  running  cjirs  together,  since  a  brake- 
man's  life  between  the  care  will  no  longer  have  to  be  considered.  A 
diminution  of  at  least  10  per  cent  may  fairly  be  estimated  as  a  resnit  of 
runninc  only  half  as  long  irains- 

731.  To  ihcw  expenses,  properly  so  calW,  is  to  br  added  an  itrrSR- 
asT  ciURor.  on  ihk  <:osr  of  thr  additional  motivk-i-owkr  bb- 
guiRED  by  ihc  higher  grndc.  tinlcas  the  first  cost  of  these  cng:ine«  be  in 
eluded  in  the  estimated  cost  of  constructing  the  higher  grade-line,  before 
determining  the  dittcrrncc  in  the  capital  investment. 

This  should  he  done  because  the  addition  of  the  required  number  of 
engines  is  really  so  much  added  to  ihc  original  investment.  Before  llie 
line  IS  ready  to  handle  the  required  traffic  it  is  as  necessary  to  have  them 
ai  it  is  to  huve  the  track  laid  on  tiie  high  grade-line  and  not  on  the 
other.  In  considering  ditlerences  of  distiince  (if  not  too  great),  orcur^'a- 
tuce.  Of  rise  and  fall  this  is  not  so.  The  total  amount  of  equipment  will 
be  the  same  whatever  the  difference*  in  that  rcspecL  We  therefore  es- 
timate  the  expense^  regardless  of  interest  on  the  plant,  and  only  consider 
diflcrenccs  in  the  cost  of  construction.  Of  the  car  equipment  the  same 
is  true  in  the  r^asc  ol  gradients.  Whatever  ihc  grades,  the  number  of 
cars  will  be  the  same:  but  a*  the  number  of  engines  is  increased  because 
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o(  the  grades,  and  not  for  any  difference  of  traffic,  we  must  either  include 
t.  he  difference  in  the  cost  of  equipment  as  a  part  of  the  cost  of  constnic- 
i^ion,  or  add  an  interest  charge  to  expenses.  On  the  whole,  it  is  more 
c=onvenient  to  add  the  interest  charge. 

722.  Putting  together  all  these  items  which  have  been  just 
crunsidered,  we  obtain  the  summary  given  in  Tabic  176,35  the 
^Bect  on  operating  expenses  of  so  increasing  the  rate  of  grade 
'SS  to  double  the   number  of  engines  required  tu  handle  a  given 


Tahle  176. 

EsTiMATF.n  AvERACjE  CosT  PER  Train-Mile,  OF  Doubljfig;  the  Number  of 
Trains  to  Handlf.  a  Givkn  Tkafhic;  oh  Pboportion  of  ExrtNSES 
wiiiuH  VariesDjrei:ti.v  wit][  tuk  Number  op  Trains,  the  Car  Ton - 

.SA<>E    REMAINING    CONSTANT, 

[Th«  pcrcentaj;^  hy  which  any  given  change  of  f^ade  wilE  rK^uire  the  numt>«T  of  trains 
<')r  ■rctfihl  ol  engines)  to  be  increased,  is  given  in  Tables  171  and  178.I 


Itbm. 
<A«  per  Tabic  3a.  pafe  179.^ 


Average 

CfHiof  Iiem, 

Ccnit  or 

Per  Ceni. 


Pet  Cent  Added  by 

Doubling  Number 

of  Ttiins, 


Added 

Coil, 
Cenlfi  or 
Per  Cent. 


F-uel 

<~>il,  waste,  and  water 

l^ngine  repairii 

S^wilching  engines 

Train  wages  and  supplies 

tar  maintenance  and  mileage. 

ttcnewals,  rails 

Arl justing  Iraclt 

Renewals,  lies 

I^arthnork.  ballast,  etc 

Switches  and  sidings 

Bridges  and  buildings 

Station,  terminal,  and  general 

Total  of  operating  items. . 


7.6 

1.2 

5.6 

5-2 

iS-4 

13,0 

a.o 

6-0 

3.0 

4.0 

a. 5 

5-5 

30.0 


67  per  cent. 

75  per  cent. 

Unaffected. 
100  per  cent. 

10  p.  c.  Iris. 
100  per  cent. 


Unaffected, 

20  per  cent. 


[- 


100. o 


47,8  per  cent. 


To  thin  is  to  be  added  the  interest  on  the  cost  of  one  extra  locoroo- 
live  for  one  train-mile,  Elstimating  the  cost  of  the  locomotive 
.  at  about  to  000  times  the  cost  of  a  train-mile,  and  the  interest 
thereon  at  fi  per  cent  as  about  600  times  the  cost  of  a  train-mile; 
and  estimating  the  average  passenger.engine  mileage  to  be 
40.000  mites  per  year,  we  have,  as  the  interest  charge,  per  mile. 

Making  the  grand  total 


SI 

U.3 

4-2 

"5-4 

1.2) 
2.0 
6.0 
3.0 
4.0 

a, 5 
"b.'o 


47.8 


t-7 


49.9 
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iratlic.     When  and  if  ji  can  fjiirly  bv  ansiimeU  thai  the  wcifj;Ii(  of 
engines  can  be  incieuiied  instead  (par.  711),  Tubte  175  gives 
perccnt»ee  of  increase  in  expenses. 

723.  In  ihe  formct  r'dliion  of  (his  work,  ibtt  •ummtiry  w>t  msittiilly  dir 
lerenl.  wpecinlly  a»  rp»pects  Ihe  cffeci  of  incre»riog  ihe  "fight  at  t^nj^ines.  a* 
»hoivn  in  the  following  Table  177.  The  cauM  of  Uic  dlKordancc  tt  tiiii|>]y  the 
change  in  lonilltiont.  in  the  writers  vlvw.  and  noi  lb»l  cilbn  ia  cncniiKlly  lo- 
corr«c{. 

Tahi.k  177. 

EtTiuATKD  Con  or  Dovni.isn  Tiin  I-'Nr.tNK'ToKKAas  for  the   urn  C 

T0HNAi:b  tt;EI>   [N    tHB   FOKMEK   Cl>rilO!<   up  THIS  Tkxatisb. 
IFsituiiulet  biMd  (or  clienuti  ptnon  Iroa-iail  tnck.) 


M 


Ituix 


Fuel  

1)11,  ir»«K.  CK 

KnK'"'  rtiuitt 

Tnin'WJiifM-        .    ---- 

Tnck  tcpsln 

lUatd-bcd  f«pair> 

Vardit  ud  mructun. , .  - 
(itMlal  and  tiHlaa.-. 

Teldi 


Toul 

CcHU 

Cu  « 


to.o 
t.a 

tt.q 
no 

^« 

]*.a 


■09,0 


I'd*  >  I>nitiira  Hiimbfr 
4r  KNGthflL 


lOjE  with  Number 
ol  Kntinn 


Pm  *  Doviu  WaMrt 


£o  per  cent 


AiiHifJ  avrrjift,  tfi  ccnti  (ie>  irdin'Riilr.  m  4S  per  ecnl  al  ii|>Ri)iR|;  eipvni 

724.  .^ssiiining  Ihnt  under  all  ordinary  circum stances.,  foi 
moderate  changes  of  grade,  any  increase  must  be  met  by  an  in 
crease  in  the  number  and  not  in  the  iveiglit  of  en}(mes,  we  hjive 
49-5  cents  per  irain-mile.or  49,5  per  cent  of  operating  expenses, 
lis  the  portion  of  the  totui  expenses  which  will  vary  with  incrcHse 
of  engine- mi  lea  gL-  m  h.inJIe  the  same  bu.iinesn,  which  is  not  far 
from  tlie  cost  of  running  an  engine  light,  as  it  tthould  be. 

Multiplying  this  Htnniint  by  ^65  X  >.  we  Itavc 

$0,495  X  J6s  X  i  =  $361.35 
as  lite  yearly  stim  ^/-(/rt/Zr /rii/«/r/- Wi/^o/rofli/ which  varicsdi^ 
rccily  with  an  increase  of  engine-tonnage  for  the  wimc  traffic. 


ir     I 

I 
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If,  now,  we  multiply  tliis  sum   by  ihi;  pekcgntaue  ok   the  in- 
crease IN  ENGINE-MI  LEA  C;k    RESULTING    >'ltOM  AN    INCREASE    OK    O.I 

PER  CENT  in  any  ruling  grade,  we  shall  obtain  the  cost  per  daily 
train  per  mile  of  road  of  such  increase.     In  other  words,  we  ob- 
tain the  cost  per  train  of  increasing  ibe  number  of  trains  to  han- 
dle the  same  fixed  tonnage,  or  tlie  saving  per  train  by  decreasing 
that  number;  i.e.,  we  obtain  the  cost  of  using   i.i,  i.i,  1.5,  or 
2.0  trains,  instead  of  one,  to  handle  a  given  tonnage,  or  the  sav- 
ing by  using  0.9,  0,8,  or  0.6.      That   cost  or  saving  is  given  in 
Table  178,  and  when  multiplied  by  ilie  estimated  number  of  the 
trains  on  the  grade  for  which  the  traffic  was  estimated,  it  gives 
tlie  total  cost  or  saving, 

725.  The  cost  thus  obtained  is  not  an  absolute  value,  inde- 
{"^endent  of  the  length  of  the  road,  as  in  the  case  of  the  similar 
■V-alues  deduced    for  distance  (Tables   88,  89),  curvature  (Table 
■  15),  or  rise  and  fall  (Table  124),  but  vanes  with  the  length  of 
t  he  road  or  division,  inasmuch  as  the  ruling  grade  increases  the 
<.-ost  of  operating  the  entire  road,  whatever  the  length  of  the  rul- 
ing grade  itself  may  be.     Hence,  to  obtain  the  true  value  of  re- 
«lucing  grade,  it  must  be  multiplied  by  the  length  of  the  road. 
It  may  appear  that  it  should   he    multiplied  by,  not  the  actual 
l»ut,  the  equated  length,  according  to  pars.  195-9,  since  we  have 
there   seen  that   10    per    cent  more    distance  does    not  by  any 
means  add  10  per  cent  to  operating  expenses.      But  while  Ibis 
view  is  in  a  sense  correct,  yet  the  items  which  vary  with  a  change 
of  grade  vary  so  nearly  witli  distance  likewise,  that  it  would  lead 
us  too  far  to  attempt  any  more  accurate  process  of  equating. 

7a«.  The  cost  per  year  in  Table  178,  divided  by  the  rate  of 
interest  on  capital,  0.06,  0.07,  etc.,  will  give  the  capitalized 
value  per  daily  train  of  avoiding  an  addition  of  0.1  percent  to 
l!ie  ruling  grade.  Thus,  to  avoid  an  increase  of  o.i  per  cent  in 
a  i.o  ruling  grade,  at  6  per  cent  on  capital,  and  for  a  division  100 
miles  long,  we  have 

^^~  =  $48,783  per  daily  train, 


I 
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Table  178. 

Estimated  Value  I'EK   Daily  Train    ok  Avoiding  an  Addition  of  o.> 
P«r  Caul  (5.2S  Febt  Per  Mii.e)to  the  Rate  of  any  Ruling  Gkade. 

[Co&I  per  Irain-mile  assumed  at  f  i.oo.] 


Hate  of 

GllAI>l    TO 

as  Chahghd. 

Per  Cenc  of    '    Cart  Par  Yair  Par  0. 1  Par 
[Dcnase  in    ]       Cant  laerMH  in  Oraila. 

lor  Each  Q- 1       B        n    .i     V      -        Ik                   'p 

Per  CcnL       '^*'  Daily  Tram    Per  icku  Ton- 
Added  lo  the   '    =Pf«,admg     MilM  Daily  of 
Grsdeiltooi    '       P"tem        Cart  and  Load 

Table  171I.    (      '^  Ml?'           -rt?" 
X  100  Milfs.          Table  170. 

ReUliTC  No.ol 

Traim  to 

Haul  Same 

Trattc. 

Relative 
NclLoad. 

Level 

25-9          1      tg-SSQ                 *'7-50 

1.00 

100.00 

0.1 
0,3 
0.3 

0.4 

0-5 
0.6 

0.7 
o.S 

o.g 

20. q 
17-5 
IS-1 

13-3 
11-9 
10. 8 

q-8 
9-2 

8.5 

7.553                  17-77 
6.353         1         18.03 
5.45''         1         lS.23 
4-806                  18.48 
4,300                  18.75 
3.c)03         1         19.03 

3,541                  II). 34 

3.334         1         l').74 
3,071                  20.13 

1.26 

1.52 

1-79 

3,06 
2,33 
2-61 

3.S9 
3-lS 
3-47 

79-44 
65,73 
S5-93 

48.60 

42.  S3 
38. 32 

34-58 
31-48 
zS.Sz 

I.O 

H.I 

2.927                  20.38 

3.76 

26-58 

I. a 
1,4 

\.b 

1.8 
2.0 
3.3 

2.4 

2.6 

3.8 

7.0 
6.3 
5-8 

5-5 
5-1 
4.8 

4-6 
4-4 
4-2 

2.530 
2,277 
3,096 

'■967 
1.843 
1,734 

1.663 
1.590 

:.5iS 

20.87 
H-43 

22-36 

23.13 
34.36 
25.22 

36.23 

27.  22 
28.31 

4-3: 
4-'W 
5-63 

6.29 
6.9S 
7,69 

8,4' 
9.16 

9.94 

33.83 
20.04 
17.76 

15-89 
14-32 
13.01 

II-&0 

10.92 
10.06 

3-0                    4-0          1         '-445 

29 .  02 

10-74 

9-31 

3.5        j            3-6 
4-0       1            34 
5.0        j              3.2 

1 

1.301 
1.239 
1,156 

31-42 

35-10 
44.  S3 

I2.9Z 
15'»9 

20.74 

-     7-74 
6-55 
4-Sa 

Com-ARlM'.^  KM  THE  TIIIKT)  -4M1  iciiHlll  tol.IMNs  wiLl  shov.  llial  while  Ibe  cost 
ptr  daily  train  of  a  fpven  intrease  of  K'^'lt  ii  m<x\\  Ir.ss  on  the  higiipr  RTades,  because, 
the  number  of  trains  i^  so  niuih  i;r«irr,  ^a  ilui  ilii:  ttut  |itr  unit  uf  u^irc  is  [dealer  as 
Ibe  {iradeb  are  liii;lier,  aa  il  naturally  shuukl  be. 
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TlIC    THIKD    an.l'MN    IH    THIH    TAHI.E    IS    COUPUTeil    FTIR    K    PlVlildlf   tOO  MIl.KS 

van.    For  x  siuler  or  less  Icnelh.  Inmiuc  In  direct  ralb  wllh  die  Irneth.    Letting 
C    » the  niM  (hM  (ib(4inKl.  w«  have 

t.  X  nUPWW  ■tolly  Iralrn  [tach  wj>)  x  tenths  ptrctnt  of  uhMc*  ot  p»dt 
nuc  ol  intecoi  on  capiu)  tfM^  0.07.  eir.j  ° 

■~  ■^  pilalind  **lue  u[  mj  increaM  or  decrcuc  In  the  rate  of  (he  eivcn  ruUne  Grade,  appiob 
*-^:^ciiic)j.  Tor  cmtei  cuctllude.  deictmtne  (he  oorrcM  perccnU|te  lut  the  civrn  change 
^^^>^  ITivde  (ram  Tabl«  171 ;  iir,  fur  will  i;n9t«r  exactitwle  cunpiitt  the  pcrtenl^c*  frum  tht 
^t.^ratiploMU  ciwn  in  Table  170  (or  the  t*nr  given  pMia  oiul  llic  fiven  tjfic  of  engine. 

Tmk  POL-KTH  oot-VK.t  i"  inrlfpi-odenl  of  iht  Irnfilh  iif  the  ilWi"icin.  tind  may  b»  d»- 
^cX.Mid  tfon  the  (hiid  oolumo  by  dividing  It  by  ilie  total  weight  of  uiia  at  giicn  In  Table 

^QT,  for  ihe  moderate  traffic  of  10  daily  Irams  per  day  (each  way, 
mn  all  cases),  8487,833. 

If  the  division  be  i  le,  no,  or  150  miles  long,  this  sum,  multi- 
-plied  by  i.(o,  1.10,  or  1.50,  will  give  the  ciipiiallited  value,  us 
nearly  as  may  be.  U  the  change  in  gi^de  be  o.z  or  0.3  per  cent, 
ihe  capitalized  value  will  be  again  iiii;rca$ed  in  proportion. 
Tliu«..  if  the  division  be  150  miles  lung,  iind  the  coinparison  be 
between  a  i.c  and  1,5  grade,  wc  have 

$487,83$  X  1.5  X  5  =  §^.658.750 

as  the  approximate  justifiable  expcnditurt^  for  avoiding  the  In- 
crease, (or  10  tr;iins  per  day  and  at  $1  00  per  iraia-mtle.  For 
greater  exaciiiess  see  note  to  Table  178,  above. 

737>  Sevcfi^t  lecent  French  and  German  esilmntet  i>(  the  value  i>(  rediKing 
Sraile*  miKhl  t«  given,  which  do  not  dilTcf  r4id>cany  Iruin  ilic  pretcdinK  F^ccp; 
in  the  coouanti  asiumed:  in  which  tutler  respect  thejr  do  differ  radinlly. 
Tabic  iT'i  k'tcf  one  of  the  moit  recent  and  moxt  ne<uly  correct  of  KUch  esti. 
tQates.  1'htie  are  no  estiinstrt  in  EoKlitli  kaonn  la  (he  writer.  o(  An  at  ah 
'ellaUe  character. 

728>  Tbe  itreatljr  inferior  load*  hauled  on  foreign  rallwajr*  compared  with 
Americaa  ^acticc  it  ci>n«picuou)>ty  hrouKht  out  in  thia  table.  An  Americas 
enfise  iriib  40  tons  on  the  drirem  will  haul  in  daily  practice  (Tabic  170). 

T<,niL  Tunim. 

On  aO.S  grade lOii  1  Against  French  (  4^7 

On  a  I. a  grade. 1144  ^        Maciice.      }  374 

Onai.ogtade 347  \    by  Table  iTq.  (  iji 

The  French  loiada  are  explicitly  Mated  in  be  based  on  velocities  of  35  kiloa 
pet  hour,  and  indicate  to  an  American  tjt  very  bad  ndminisuation. 
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Table  179. 
Estimate  of  the  Value  of  Reducing  Grades  on  French  Railways. 

(By  U.  Rlcour,  \b%.  en  Clier,  Corp*  d«  Ponu  el  Chkuutfet.     Abnnctcd  trom  the  pu« 

ref erred  lo  in  par.  Otii.] 


Gradi. 

Gron  Lnd 

C. 

Toanei. 

Price  per 

Train  Kilo. 

Frana. 

Price  per 

looo  loDoe*  gnwi, 

per  Kikk 

FraacL 

A 

SM 

1.S46 

1.71          Difla. 

■s 

l»1 

1.46) 

J, 00            .»! 

.6 

■  7 
.8 

4"i 

3i! 
3" 

1.403 
«.JSJ 

l.JIJ 

l.iSo 

J.JO             .30 
J. 60               .JO 
i  9'             ■3' 
4-»3               .3" 

I    rO 

»J4 

1.359 

4.56               .33 

1-1 

■■4 
I.I 

»30 

196 
i6» 
147 

I. HOB 

I -174 
I. '47 
1.H5 

J.IJ               .36 
S.9S               .37 
fi.jB               .39 
7.6s                 4* 

3.0 

■J" 

1. 109 

B-46               .43 

The  last  column  of  ihis  table  x  H7.5  (1.61  x  0.10  x  365)  will  give  a  column  cone- 
apooding  to  the  fourth  column  t>f  Table  17S.  No  close  correspondence  can  be  eKp^-cted, 
because  the  French  loads  are  so  mgcli  less  and  decrease  so  much  more  rapidly  with  i;rade. 

This  table  was  computed  for  a  6-driver  engine,  36  tonnes  {39.67  tons)  on  drivers ; 
mean  total  weight,  50  tonnes  (55.10  Ions).  The  values  in  the  last  column  are  of  a  more 
general  character.  They  are  independent  o(  the  weight  o(  the  engine — at  least  within 
the  limits  or  usual  French  practice. 


THE    PROPORTION   OF    TRAFFIC    AFFECTED    BY   THE    RATE   OF 
KULIN'U    GRADE. 

729,  According  to  the  character  of  the  road,  this  may  vary 
under  certain  conceivable  circumstances  between  the  extreme 
limitj  of  o  and  loo  per  cent,  for  both  passenger  and  freight 
traffic.  Freight  traffic  is  by  far  the  most  affected,  but  there  are 
at  least  occasional  instances  in  whicli  the  freight  traffic  is  so 
lij^ht  and  so  little  liable  to  grow  that  no  appreciable  value 
whatever  can  be  assigned  to  reduction  of  grades  below  a  cer- 
tain "iimi..  For,  as  the  whole  objection  to  gradients,  properly 
so  called,  lies  in  their  effect  to  limit  the  length   of  trains,  a  re- 
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'  duction  of  th«ir  rate  has  value  only  [or  such  trains  as  lUey  do  in 
fact  so  limit.  One  traia  at  least,  the  "way  freight,"  is  very 
often  not  so  limited  on  all  railways,  and  many  minor  railwitys 
are  not  so  fortunate  as  to  run  anything  else  but  way  freights 
>ver  itieir  lines. 

730.  Nevcrtfteicss,  as  a  nile,  both  the  way  freight  and  all  other 
ireight  trains  vary  in  length  directly  with  the  dtfafio  gradients, 
and  should  be  assumed  to  do  so.     This  does  not  at  all  assume 
that  all  trains  will  be  fully  loaded,  for  that  is  not  a  practicable 
Bresult,  but  simply   that   the   percentage   of  power  wasted   to 
■power  utilized  will  be  sensibly  the  sume   for  all   grades  and 
^tiengths  of  trains,  or  nearly  enough  so  for  all  practical  purposes. 
^Bf  so.  it  necessarily  results  that  the  ferc£XTace  of  increase  In 
trains  will  be  much  the  same,  whether  they  are  fully  loaded  or 
not. 
H      731.  As  respects  passenger  business  (see  par.  S$),  although 
"11  is  much  less  directly  and  immediately  affected  by  a  change 
of  grade  than  freight  IralTic,  because  of  the  higher  speed,  and 
the   large  surplus  of   motive-power  required  therefor  and  for 
stopping  and  starting,  yet  in  the  long-run,  whenever  the  pas- 
senger business  becomes  considerable  in  volume  or  largely  com- 
petitive, either  the  number  or  the  weight  of  passenger  engines 
most  be  materially  aflccted  by  the  rate  of  grade.     The  effect   in 
Btbe  case  of  passenger  traffic  is  far  more  irregular,  but  not  there- 
Bfore  the  less  certain.     A  train,  for  example,  might  haul  an  extra 
W  car  or  two  over  any  given  grades,  or  haul  the  same  cars  over  a 
beavier  grade,  as  well  as  not,  when  the  addition  of  yet  another 
car  to  the  train  of  say -ten  cars  might  require  it  to  be  cut  in  two, 
and  so  immediately  double  the  moiivc-power  required  by  in- 
Kcreasing  the  load  hauled  only  ten  per  cent.     It  is  certain,  more* 
"over,  that,  whatever  the  margin  of  power  deemed  necessary  for 
emergencies,  if  we  reduce  our  grades  and  train  resistance  by 
any   fixed  amount,   the  weight  of  engines   may  always  \x   re- 
duced, or  the  weight  of  train  increased,  in  the  same  proportion, 
uu]  yet  leave  the  same  margin   for  emergencies  or  anticipated 
growth  of  traffic  as  before,  however  much  or  little  that  may  be. 
37 
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Henc«  a  reduction  of  ruling  grade  has  a  positive  and  present 
cash  value,  even  if  every  passenger  train  on  the  roatl  will  liabi 
u.illy  nin  light  for  an  iiulcfiniie  number  of  yean. 

73?.  But  this  value  will  be  but  small  when  tlie  passenger 
traffic  will  be  light  during  X\\c  first  (ew  years  after  construciioa 
(par.  84)  or  when  the  traffic  is  not  exacting  as  respects  speed,  or 
both,  for  the  reason  that  the  effect  of  any  ordinary  increase  o! 
grade,  not  sufficient  lo  imply  pushers  for  passenger  as  well  as 
freight  trains,  may  frequently  be  eliminated  by  »  moderate  re- 
duction of  speed  between  stations.  The  limits  w-ilhin  which 
this  is  certainly  and  readily  possible  may  be  determined  a: 
fo1Ion-s : 

733.  In  Table  180  arc  given  the  grades  of  repose  for  variou 
passenger  trains  at  various  speeds,  determined  from  the  com- 
puted resistances  in  pounds  per  ton  in  Tahle  166  by  simply 
dividing  them  by  twenty.  The  limits  of  ordinary  passenger 
trains  are  from  four  to  twelve  cars,  but  the  table  extends  from 
no  cars  at  all  to  sixteen. 

These  so-called  "  grades  of  repose  "  (see  definition  in  par.  384) 
are  grades  equivalent  to  the  addition  which  the  train  resist- 
ance makes  to  the  actu»!  plus  or  minus  grade  resistance.  Sub- 
tracting  them  one  from  another,  as  is  done  in  Table  180  B,  we 

have  THE  AMOUNT  BY  WHICH  THE  GRADE  IS  IN    BFFPCT  REDUCEP  KV 

RBnuciKG  SPEF.D  by  a  certain  number  of  miles  per  hour.  If, 
then,  it  be  admissible  to  consider  the  speed  of  a  4-car  train  to 
be  reduced  from  thirty  miles  per  hour  to  fifteen  or  twenty  mileSt 
we  can  (Tabic  180— B)  use  a  grade — 


» 


o.  19  -j-  o.  16  +0. 13  =  0.48  pei-  cent. 


fflirtT 


or  0.19  4-  0.16  =0.35  per  cent  higher  than  tf  a  speed  of 
miles  per  hour  were  essential  on  the  grade  as  well  as  elsewhere, 
\Vc  shall  shortly  see  (Table  183)  that  the  loss  of  time  in  so  do- 
ing is  less  than  is  often  supposed.  When  to  this  is  added  the 
relief  gained  by  momentum  if  the  foot  of  the  grade  can  be  ap- 
ptnacliedat  thirty  or  forty  or  fifty  miles  per  hour  (Table  iiS 
nnd  par.  40S)   we  have  considerable  lee-way  in  respect  to  pas- 
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Table  160. 

Grades  of  Repose  for  Passenger  Trains  of  Various  Lengths  at 

Various  Speeds. 

[  X  7  X  ^  American  engine — cars  averaging  15  Ions  each.    According  lo  the  formuUe  giren 

ill  Table  166.) 

[For  gnidM  ol  repose  0/  freighi  trilni,  tee  T»ble  lao.] 


Weighi 
Toni. 

GiADES  OF  Repose.  Per  Cent.  FOB  ViLOCITiea  IN  MtLis  Psi  Halm. 

Kind  OF  Train. 

IS 

10 

2S 

30 

40 

SO 

eo 

70 

"    and  a  can.. 

■■      "     4  cart. 

■■      "    8  cars. , 

'"      "  12  cars.. 

"  16  cars.. 

113 

168 

39= 
5o< 

0.45 
0,40 
a.  36 
0  M 
0-33 

Q.BS 
o-6z 
o,s» 
0.46 
0.43 
0.41 

■M 

o.Bj 

D.sS 
0-5J 

..6, 
i.d8 

aM 
0  73 
0.A5 

i.Si 
'74 
'■38 
I -10 
0.9S 
O.QI 

4"6 

a.M 
1.58 
1.39 
1,98 

6  03 

,.a, 

t.  13 

i.B, 

'■J4 

B.I9 

4-83 

3-74 

Table  teo  B. 

Increase  of  Grade  which  will  be  Compensated  for  by  a  Reduction 
OF  Train  Speed  from  each  ov  those  given  in  Table   180  to  the 

-VEST    LOWER, 

[Hednced  by  subtracting  each  of  the  grades  of  repose  from  the  next  higher.] 


Reol'ction  of  Equivalent  Gfade  by  Rbuvcinc  Speed  frd^l — 


KiHu  or  Train. 



20  l«  IS 

25  ta  20 

30la2S 

40le30 

5010  40 

DO  to  50 

70  to  BO 

0.18 

0.46 

0.4s 

i-if 

1.4! 

'■77 

3.D9 

"      and  1  can . , , 

O.IJ 

a.  31 

o.»s 

o.M 

0.S4 

1.04 

I  31 

"       •■     4  cars, . . 

0,13 

0.16 

o.  ig 

0.50 

0,65 

0.78 

0  93 

"        "     %  can. . . 

D.  TO 

0.  i> 

0.15 

0  37 

0.48 

O.J4 

■•■75  . 

"       "   lacart... 

D.OS 

0.11 

Of. 

=■33 

0.41 

O.JO 

D.6a 

**        *'   16  can.. - 

a.tH 

D.09 

o-ia 

o,J9 

0-3) 

0.46 

0  54 

WliilE  it  is  probable  thai  these  differences  represent  somewhat  more  Ihan  the  acluat 
differences  in  the  resistance  to  be  overcome  (par.  655),  it  is  quite  certain  thai  they  are  not 
neatly  large  enough  to  fully  represent  the  comtnned  effect  of  the  lower  reaislance  aud 
greatet  cylinder  and  boUei  power  of  tbe  CDgine  at  lower  speeds  (par.  557). 
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SCflger  trains  before  certain  differences  of  grade  muy  materiiiillj 
affect  ihceti. 

734.  Tfais  aMumes  ihol  there  >ro  no  stops  mads  or  to  be  nude  on  ilie  padc 
■libout  Ample  reduction  of  grade  ai  th«  (topping  puioi.  (h«  tnio  which  can  be 
auirtcd  promptly  beioK  for  the  Tno«i  p>n  the  limiting  chum  to  the  Icngili  ol 
pu3sengcc  Eniaii.  The  ullimme  limits  ol  the  putnibility  o(<liinioaline  tbeeScci 
of  gtadcK  by  reduction  of  speed  miut  be  determined  a  little  diflerenlljr  Jrwm  i 
above,  and  may  be  more  approprintcly  given  In  Chapter  XX. 

735.  Keeping;  all  these  considerations  in  view,  the  effect  of 
change  of  grade  on  passenger  traffic  may  be  summariitcs  as  (oI>. 
lows:  ^ 

For  roads  having  considerable  passenger  traffic,  say  over 
four  or  five  trains  per  day  each  way,  ihe  passenger  trains  will  be 
affected  essentially  as  freight  trains  arc,  unless  ihe  ryliug  grades 
are  short  and  undulating,  and  the  trstimated  number  of  eact 
class  of  trains  should  be  adiled  togelher. 

Por  roads  having  only  one  or  two  light  passenger  trains  p( 
day  run  at  no  very  exacting  speed,  the  passenger  traffic  may' 
not  be  affected  at  all  by  a  modcraie  change  of  grade.  Whether 
it  is  likely  to  be  or  not,  must  be  determined  by  Tables  180  and 
iSi. 

Por  stich  ordinary  passenger  iraflic  as  most  new  American 
roads  look  forward  to  in  the  near  future,  say  from  two  to  five 
trains  per  day,  iialk  the  estimated  number  of  passenger  trains 
may  be  added  to  the  freight,  for  estimating  ihe  value  of  reduc- 
ing grade,  for  the  reason  that  at  least  half  the  trains  are  liable 
to  be  affected  by  the  gradients. 

736.  The  tendency  to  increasing  Itixury  in  first-class  passengeiH 
travel  has  been  already  alluded  to  in  par.  711.  An  opposite  ten-  ~ 
dency  has  begun  to  show  tiself.  which  will  tend  to  still  further 
increase  the  effect  of  grades  oh  passenger  traffic — n  kind  of  third- 
class  traffic  carried  at  low  riites  but  in  large  numbers.  It  is 
probable  that  before  many  years  the  mutual  interests  of  the  rail- 
ways and  the  public  will  compel  a  large  extension  of  this  class  of 
traffic,  and  favorable  grades  for  passenger  service  will  then  be  aj 
factor  of  great  importance. 

737.  As  an  example  of  the  great  comparative  importance  o| 


CUAP,  XV.— RULING  CKADB  AND  MINOR  DHTAItS.    jSl 

li>w  grades,  we  may  now  pruruubty  refer  back  lo  Chap.  X..  ilif 

assumptions  made  in  whicli  wc  liavc  just  substantiated.     While 

such  estimates  as  are  here  made, as  has  been  often  stated,  cannot 

be  regarded  as  positive  and  exact,  even  when  carefully  revised  to 

suit  individual  lines,  the  possible  mai^in  of  error  is  too  small  to 

seriously  modify,  if  corrected,  the  mora)  which  ihey  are  calculated 

to  convey,  which  \%  th»t  wkomci.v  DiKKCTei)  expenditure  is  at  ihc 

root  of  much  of  the  lin^ncial  difficullies  of  railways. 

In  the  example  referred  loonc  detail  of  occasional  importance 
has  been  neglected,  viz.: 


I 


THK  erreer  or  a  DirrKKRNCK  in  rulis'C  ciuob  on  the  c'ost  or 

UISTAMCK,  CtlKVAttlHe.  AND  KISK  ANU  FALL- 

738.  While  we  have  seen  in  Chap.  X.  that  ordinarily,  wtien  two  lines 
«lif[cring  in  ruling  (paHc  arc  to  Ik-  rirnparcd,  the  inipDtlancc  of  ilie  diSer* 
«ncc  In  gradients  and  in  iralfic  advani;igcs  eonibincil  will  be  so  great  that 
such  differences  a«  may  rxist  In  any  or  all  the  minor  details  may  be  iieg- 
Icncd  wilhout  affecting  the  deci»ion.  yet  when  ihr  romparison  between 
two  lines  differing  in  ruling  grudc  ia  sn  cinsc  that  It  is  desirable  to 
determine  ac<'uriitcly  the  effect  of  diflcrences  in  the  minor  details  also, 
the  diffcrcnec  In  the  rate  of  the  ruling  gr;ides  of  the  twu  lines  makes  it 
ncmaary  to  trcjii  the  minor  detaiU  somewhat  differently  from  merely 
«ul>tntctlng  the  amount  of  distance,  curvature,  or  riic  ami  fail  on  the  two 
lincK  from  each  other,  and  com]iutinfc  the  value  of  the  difference  only,  as 
ve  have  done  heretofore. 

739.  Suppose  the  case  of  two  lines,  each  loo  miles  long. and  with  pre- 
dsiely  the  same  amount  of  curvature  and  rise  and  fall,  but  with  a  ruling 
grade  on  one  line  of  oS  per  cent  and  on  ihc  other  of  1.6  percent.  It 
appears  at  first  sigln  as  if  in  this  case,  wlwievcr  the  amount  of  curvature 
or  rise  and  fall,  they  miglii  be  balanced  against  each  other  and  neglected  ; 
hut  consideration  shows  this  to  be  so  far  untrue  thai,  inasmuch  as  more 
trains  will  be  run  over  one  line  than  the  other,  ihc  cost  of  each  degree  of 
curvature  and  each  foot  of  disunceor  rise  and  fall  will  be  greater  on  one 
line  than  the  other,  so  that  the  line  having  the  heavier  gradients  will  be 
more  objectionable  in  proportion  to  the  amount  of  curvature  or  tise  and 
fall  whUk  Ihert  may  bf  on  bcth  lint^  alikt.  In  other  words,  just  as  (here 
is  a  certain  cose  of  operating  each  traln-ntile  of  di.^tancc.  so  there  is  a 


582    CUAP.  XV.~RVUKG  GHADE  AND  M!N08  DETAILS. 


ccriain  cirn  ti\  o'x^r.iting  what  «c  may  call  eAch  train  degree  of  curvaiure 
and  cnrh  traiii'liim  i>f  rise  nnd  fall. 

If,  thnniforc.  in  Siuch  an  instance  ua  that  suppcaed.  the  two  lines  had 
much  cuTvaiurc  and  rise  and  full,  tlie  money  value  in  favor  o(  the  lower 
{trade  would  tie  contidcrably  ijreatur  ihan  \X  buth  lines  alike  were  nearly 
»trjil|^ht  und  biul  very  liitlc  mc  and  (atl. 

740.  I'hix  diHerencc  of  vulue  should  properly  find  csprcasidn  in 
didTerent  asttumed  cost  per  irain-mlle;  and  tn  estimating  ihe  value  o(  a 
projected  improvement  tu  a  line  already  la  operation  it  would  be  so  ex- 
prexned. since  the  curvature  and  rise  and  fall  would  already  liave  hwd  its 
effect,  much  or  little  as  (he  use  might  be.  to  increase  Die  operating  ex- 
peniM  by  which  we  ifauge  the  value  o(  reducing  |{radc. 

But  in  the  case  of  a  new  road  wo  have  not  this  advantage.  Inasmuch 
a«  wv  cannot  foresee  the  exact  cost  of  each  ncin  of  operating  cspmac^ 
The  most  feasible  method  therefore  (or  approximating  to  what  ire  real); 
rlcaire.  [lie  UIFFERKNCE  in  operating  expenses  per  train-mite  on  the  two^ 
lines.  li  il)i&: 

741.  first.  Kstinint<;  the  cost  per  year  of  all  the  curvature  and  rise 
and  fall  on  llu;  liiw-KDidc  line  (or  the  estimated  number  of  daily  trjin.% 
iiocorditiK  to labtci  1 1 5  and  1 24.  ^| 

Secondly.  Maka  the  s^ime  estimate  fur  all  the  curvature  and  risn  nnd^* 
(all  on  the  high-grade  line,  for  the  eitimAtPd  increased  number  of  irajna 
required  to  handle  the  tame  trallic,  aa  determined  by  Tables  170.171.  an 
178. 

Tkirilly-  Subtract  one  from  the  other  for  the  net  difference. 

Simrtarly  for  any  dillctcncc  of  distiin<x  :  If  the  high-grade  line  he  tl 
longer,  the  cost  of  operating  the  extra  distance  on  the  hiKh-grade  liitc 
must  tw  eiUm.-iicd  for  the  number  of  trains  or  it :  while  it  thp  low-grade 
line  be  the  longtr.  by  the  same  amount  the  coit  of  uporaiing  the  c«ra 
distance  nuiM  beMiimated  for  its  smaller  number  of  irainji.  .nnd  honcc 
W'll  be  somewhat  smaller  than  for  a  similar  excess  on  the  high-grade 


una 
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line. 

744.  There  is  this  further  caution  :  Inasmuch  as  the  tralTic.  and  hence 
number  of  carf  per  day  or  per  year.  Is  supposed  to  be  the  same  (>y  either 
line,  the  only  difference  being  that  shorter  train*  and  more  ol  ilwm  are 
run  over  the  high  griidc.  the  same  cost  per  iroin-mile  cannot,  strictly 
speaking,  be  assumed  the  same  for  both  lines.  We  have  estimated  in 
Table  176  that  the  cost  of  doubling  the  number  of  train^  for  the  same 
traffic  is  49,5  cu.  per  extra  tmin-milc.  or  49.;  perccni^f  the  average  cost- 
Pot  a  cliange  of  grade  so  considerable  as  to  halve  the  number  of  cars 
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•r-ain,  therefore,  the  relative  cost  per  train-mile  in  the  two  lines  would  be 

^s    1.00  to  — -^— ,  or  I.  to  0.74,  and  proportionately  for  less  consider- 

■^■ble  differences  of  grade.  In  other  words,  whatever  wear  and  tear  results 
f  i"om  the  mumber  of  cars  moved  over  the  line,  as  well  as  the  expense  of 
l«>ading  and  billing  the  freight  in  them,  etc.,  is  unaffected  by  the  change 
"^>f  grades.  Whatever  is  due  to  the  engine  increases  ^ro  ra/a  with  the 
»^  «jmber  of  trains. 

743.  For  still  another  reason  than  those  just  mentioned,  it  can 
■»~arely  be  essential  to  enter  into  minuiely  accurate  calculations  as 
to  the  minor  details  to  decide  on  one  line  or  the  other.  When 
t  he  comparison  between  two  lines  becomes  so  close  that  it  would 
-«Z)thcrvvi5e  be  necessary,  the  possible  effect  of  the  two  lines  on 
'^iOlume  of  traffic  ought  alone  to  outweigh  it,  and  the  prudent  rule 
Ijecomes — 

1.  When  the  company  is  or  soon  may  be  poor  (and    it  is  no 
-more  than  common  prudence  to  assume  that  it  will  be  embar- 
rassed for  means  at  some  time  in  the  near  future,  when  it  is  not 
backed  by  a  great  system  of  profitable  lines  in  'operation), /rti^ /Ae 
line  of  Imvesl  first  cost. 

2.  When  immunity  from  financial  embarrassment  is  assured, 
take  llu  line  which  offers  the  most  promising  conditions  for  future 
groxi'th  of  traffic. 

3.  Only  when  the  two  lines  are  substantially  equal  in  both  these 
respects  enter  into  such  minute  calculations  as  these  just  sug- 
gested, and  whichever  line  be  selected  no  serious  harm  can  then 
result. 

74+.  Having  determined  the  justiRable  expenditure  to  obtain 
low  grades,  we  have  only  taken  the  first  step  toward  their  proper 
adjustment.  Some  of  the  worst  sacrifices  of  gradients  are  made 
without  effecting  any  saving  of  cost  whatever,  simply  from  inat- 
tention to  its  importance,  or  from  attaching  exaggerated  impor- 
tance to  losses  of  distance  or  curvature,  or  from  insufficient  study 
of  the  topography,  leading  to  a  too  hasty  conclusion  that  all  has 
been  done  which  can  be  done,  when  in  fact  a  very  little  study 
would  lead  to  far  better  results.* 

*It  is  an  invidious  and  unpleaaani  thing  to  say,  but  the  importance  of  th« 
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This  question  of  how  to  get  the  lowest  grade  which  the  region 
admits  of,  at  a  given  cost,  is  discussed  io  Part  V.  and  Appendix  C. 
The  fo.ur  following  sub-departments  of  the  general  problem  of 
gradients  yet  remain  to  be  considered: 

I.  The  use  of  assistant  engines  with  high  "bunched"  grades. 

a.  The  balance  of  grades  for  unequal  traflBc. 

3.  Limiting  curvature,  and  the  proper  compensation  therefor. 

4.  The  limit  of  maximum  curvature. 

These  questions  we  will  consider  in  their  order. 

caution  thereby  conveyed  seems  to  justify  saying  il:  Out  of  a  hundred  men 
putting  a  line  through  either  easy  or  difficult  country,  but  ispteially  tknmgk  eaiy 
eeunlry,  the  writer's  observation  is  that  all  but  four  or  five  of  them  will  adopt 
rates  of  grade  from  ten  to  fifty  or  even  a.  hundred  per  cent  higher  than  the  other 
five  will  obtain  at  the  same  cost;  aod  the  same  holds  true  as  to  amount  of  curva- 
ture. 
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CHAPTER  XVI. 


ASSISTANT     ENCIKF.3. 

74S.  T11B  general  use  of  assistant  engines,  commonly  called 
^>t'SHEitE.  is  3  comparatively  modern  innovation.     So  recently  as 
».873,  Gen.  Merman  Haupt,*  in  a  paper  on  gradients,  felt  com* 
'pellcd  to  say  that  he  was  making  "an  attempt  to  prove,  conirar)' 
%o  the  generally   received  opinion,"  that  undulating  gradients 
ftjclow  the  limits  of  the  maximum  do  not  necessarily  increase  ex- 
-pcnscs  materially,  and  "  that  the  use  of  higher  gradients  for  part 
of  a  given  distance  will  often  result  !n  greater  economy  of  opera* 
lion  than  a  lower  and  uniform  gradient  for  the  whole  distance." 
This  statement  has  now  become  a  truism.     Driven  to  econ- 
omy by  the  necessities  of  competition,  the  use  of  assistant  en- 
gines, even  on  lines  ill  adapted  to  their  mn»t  advantageous  use, 
liiis  become  very  general  in  recent  years  and  is  conslanily  ex- 
tending, although  they  arc  even  yet  not  used  on  more   than  a 
proportion  of  the  lines  which  might  use  them  with  advantage 
and  economy,  so  ihat  their  use  is  one  of  the  most  hopeful  direc- 
tions in  which  further  economy  may  be  sought,  eitpccially  on 
low-grade  lines,  where  the  trains  hauled  even  by  one  engine  arc 
of  fairly  prohtable  length,  but  might  be  readily  increased  by 
help  at  a  (ew  points. 

What  has  been  accomplished,  however,  is  ihac  whereas  assist- 
ant engines  were  formerly  used  only  in  exceptional  instances  on 
Tery  heavy  grades,  itieir  use  has  now  muliiplied  many-fold,  and 
iJie  expediency  of  u>u>g  lliem  when  possible,  tven  at  quite  fre- 
quent tnrervals,  is  universally  admitted  by  skilled  railway  offi- 
cers. Some  of  our  earliest  and  greatest  engineers,  as  notably 
the  engineers  of  the  Baltimore  St  Ohio,  Pennsylvania,  and  line 
railways,  distinctly  contemplated  the  use  of  pushers  and  adapted 

"  Sm  Kailnad  CMttU,  July  5.  1853. 
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ihcir   lines    liicicto;    no   doubt  in  part   because   of   the    i 
graphical  conditions  in  passing  the  Alleghuiiies,  but  in  p:irt  alsii' 
because  of  ihc  singular  furcsight  and  sagacity  which  (he  great 
engincci's  who  laid  out  those  lines  sliowed  in  many  ways.     But 
the:>e  precedents  have  not  been  generally  recognized  as  cstab^^_ 
lishing  a  generiil  principle  until  very  recently,  nor  can  it  be  sa>l^| 
to  Ue  yel  e^l.^blixhed  as  fully  as  it  should  be. 

746.  The  presumption  is  >trong  in  laying  out  every  line,  that 
advan[3gc  c<in  be  derived  from  laying  out  the  grades  for  the 
use  of  assistant  engines,  because  of  the  fact  that  topographical^ 
conditions  always  require  more  or  less  irregularity  of  gradients.^ 
The 'usual  law  is  that  the  grades  will  be  for  long  distances  very 
tow  and  easy,  or  can  be  made  so  at  slight  cost,  but  that  for 
much  shorter  distances  much  higher  gradients  will  be  unavoid- 
able.    By  adapting  the  line  to  the  use  of  assistant  engines  o^| 
these  higher  grades  wc  arc  enabled  to  ulili2c  the  full  advautag^™ 
of  the  lower  grades,  by  making  up  our  trains  to  correspond  to 
them,  so  that  long  trains  c;iti  be  liamiled  over  llie  entire  line  by  a 
single  crew,  without  breaking  it  up  into  sections,  and  the  full 
power  of  the  motive-power  actually  in  use  at  ail  points  on  the 
line  be  more  nearly  utilized. 

747.  The  adoption  of  the  opposite  policy,  attempting  to  gel  a 
line  of  a  low  uniform  gradient  through  a  country  of  any  diBl- 
culty  whatever,  is  very  apt  to  be  enormously  expensive,  and  to 
be  possible  at  all  only  by  frt^iiui^nl  undulutions,  considerable  de- 
tours, and  much  higher  gradients  over  most  of  the  line  than 
than  there  is  any  necessity  for  using.  This  results  from  the  fact 
that  it  sets  at  defiance  one  of  the  broadest  and  most  nearly 
universal  laws  of  physical  geography, — to  which  there  are  few 
and  rare  exceptions  on  the  whole  face  of  the  globe,— -that  long 
stretches  of  easy  plains  or  gently  sloping  valleys  penetrate  at 
intervals  to  and  into  the  very  heart  of  even  the  roughest  rrgions, 
leaving  short  sections  only  over  which  high  gradients  arc  ui 
avoidable.  By  futlowltig  these  easy  routes  as  long  as  wc  can 
accomplish  over  most  of  uur  line  three  desirable  ends  at  once: 

I.   Wc  gel  ihe  cheapest  line. 

».  We  get  the  lowest  through  grades  ;  and. 
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3.  More  ihiin  all  else,  wk  concentkatb  the  iicsistakce^  into 
hhc  remaining  more  dlRicult  section,  so  lliat  ttte  motive-power  on 
Jit  can  be  accurately  adapted  to  the  work  rrquired  and  kept  fully 
I  at  work  over  the  distance  where  it  is  HM:d,  ihtis  making  it  altnosi 
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»  matter  of  indifference  what  rate  of  sscciil  wc  adopt  on  our 
more  dil!iculc  sections — a  Eact  which  powerfully  tends  to  utill 
further  reduce  the  cost  of  construction  tiver  those  more  difficult 
sections.  Table  181  and  Fig.  175  illustrate  fully  how  and  why 
this  ,-i<Ivnntage  arises,  and  should  be  carefully  studied. 

74B.  Uvea  where  we  arc  unable  for  any  reason  to  follow  the 
valley  lines  which  usually  penetrate  far  into  hilly  or  mountainous 
regions,  as  for  instance  when  (he  valleys  are  impracticable,  or  arc 
le&s  practicable  than  the  ridges,  it  is  still  true  that  pusher  gradl< 
ents  will  almost  invariably  fit  the  country  better.     The  all  but 

universal  law  of  topography 
is  thai,  when  the  ground  is 
not  a  dead  level,  iransittont 
from  one  level  to  another, 
whether  on  a  large  scale  or  on 
a  small  scale,  ai«  of  the  form 
shown  In  Figs.  176  and  177.  If  on  a  small  scale,  we  may  simply 
Adopt  the  dotted  profile  /IJt, a^ii  make  the  fill  ai  Cor  cut  at  jB.  If 
on  a  larger  stale,  say  for  a  total  rise  of  50  or  60  or  80  feet,  it  be- 
comes impossible  to  do  this,  especially  if  the  necessity  occurs  at 
many  points,  and  we  are  reduced  to  adopting  the  profile  ACB, 
making  BC  the  ruling  grade  of  the  line,  or  else  to  one  of  the  iwo 
expedients  shown  in  plan  in  Fig.  177— either  to  run  right  over 

the  obstruction  with  almost  a 
tangent  line,  giving  the  dotted 
profile  AB,  in  Fig,  178,  or  to 
sacrifice  curvature  and  div 
tancc  and  obtain  the  full-line 
profile.  The  first  has  been 
done  to  a  most  unfortunate 
extent  in  the  prairie-lines  of 
the  West ;  the  last  i*  almost 
always  the  proper  course,  if  it 
saves  an  increase  of  ruling 
grade,  even  when  necessary  al 
Pio.  Iff.  A     many  points  on  the  line. 

749.  But  when  the  rise  to  be  overcome  becomes  more  consid- 
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«nib1e,  as  too  or  i«o  feet,  even  tills  course  Is  rarely  convenient. 
To  obtain  an  equivalent  (or  the  full  line  ^j9.  Fig.  177,  wears 
ilien  compelled,  usualty.  to  adopt  a  cusily  line  hanging  upon  the 
slopes  of  such  supporting  ground  as  can  be  had  in  order  to  ob- 
inin  the  doited  profile  AB,  Fig.  1  ;6.  or  the  solid-line  profile  AB, 
Fig.  178.  When  wc  htive  gnt  it — assuming  ihat  wc  can  and  do 
get  ll — wc  huve  even  then,  in  all  probabiliiy,  been  compelled  to 
•nc  a  higher  grade  than  it  is  at  all  necessary  to  use  on  the  re- 
maining and  easier  portions  of  the  line.  If  %o,  wc  have  not  only 
jpcnt  a  great  deal  of  money  where  wc  have  diflicultics.  but  have 
injured  our  line  where  we  have  no  d!flicultie». 

7S0.  The  ulternuiive  is  to  treat  the  <lillicult  ground  as  a  sep- 
araic  feature;  lo  maintain  the  lowest  grades  wc  can.  on  the 
Sfround  where  wc  have  no  diRiculties  ;  lo  push  these  low  grades 
as  far  as  possible  to  some  point  C.  I-'ig.  176,  as  near  as  may  be  to 
the  rise;  and  then  10  adopt  KOinc  entirely  differeni  urd  much 
higher  grade  BC,  conforming  a:t  cloi>ely  as  possible  to  the  natu- 
«-al  surface,  with  a  view  of  using  auxiliary  power  or  "pushers" 
«3D  it,  thus  not  only  saving  our  money  on  the  pans  of  the  line 
^vhtch  arc  naturally  most  costly,  bui  retaining  all  our  natural 
Advantages  elsewhere  which  cost  us  nothing. 

791.  In  other  words,  the  secret  of  the  vast  economies  which 
may  often  be  reuiixed  by  the  skilful  use  of  assislnni  engines  is 
ihn — tliat  a»  renpecis  construction  we  work  with  Nature  instead 
of  against  her,  and  that  as  respects  operation  wc  gain  a  like  ad< 
vantage  by  keeping  every  engine  while  running  folly  at  work, 
the  greater  portion  of  the  hard  woik  in  foot-pounds  bring  done 
on  a  small  portion  of  the  division,  with  such  favorable  through 
grades,  in  many  ca!«s,  that  there  is  little  more  n<*cd  for  an  en- 
gine on  the  remainder  of  it.  than  to  keep  the  longest  trains 
moving  and  under  control.  It  i^  a  truth  of  the  first  impor- 
tance, that  the  objection  to  high  gradients  is  not  the  work  which 
engines  have  to  do  on  tlicm  (sec  Table  181),  but  it  is  the  work 
which  they  do  not  do  when  they  are  thundering  over  the  track 
with  a  light  train  behind  them,  from  end  to  end  of  a  divi- 
sion, in  order  that  the  needed  power  may  be  at  hand  at  a  few 
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scattercrl  points  where  alone  it  is  needed.  But  if  wc  may  give 
this  additioniil  motive-power  its  work  lo  do  once  (or  all,  aii^^ 
have  done  with  it,  high  summits  cost  very  little,  und  an  increa^H 
ot  tile  rate  of  grade  costs,  practically,  nothing  whutever.  Ai  ihi;  i 
points  of  greatest  difficulty  wc  arc  independent  of  the  rate  o^i 
ascent  antl  in  a  great  degree  of  the  elevation  attained,  and  o^H 
therefore  ;ii  liberty  to  concentrate  our  efforts  and  expenditure  o^^ 
the  more  tnictiililc  portions  of  the  line,  where  a  few  feet  per 
mile  reduction  in  gr;ide  (see  Table  170  and  Fig.  169)  may  be  of 
enormous  viiluc. 

793.  In  lliis  way  it  is  in  e\-ery  way  practicable  to  secure  linn 
over  tolerably  high  summits  and  through  iliflicult  country-  which 
shall  approximate  closely  in  operating  value  lo  the  most  favo^^ 
able  existing  examples  of  iow-grade  lines.  On  the  other  hani^| 
Kv  sr.EKiNr,  voK  WHAT  WF.  DO  NOT  KF.QriKE,  by  defying  the  ob- 
st^icles  of  nature  and  forcing  them  to  conform  throughout  to  the 
Procrustean  standard  of  a  uniform  ruling  gradient,  we  shall 
enormously  increase  the  cost  of  construction,  iind  in  the  end  find 
that  wc  have  a  far  more  costly  line  to  operate  than  if  we  had 
"stooped  toconquer"  by  boldly  conforming  to  the  topographical 
conditions  and  then  skilfully  forcing  ihcm  to  serve  our  purpose. 
This  K""  s*^  f*""  t'i3'  'I  's  "'"c  policy  in  very  many  instances  ta 
difficult  country  to  make  boldly  for  the  "meeting  of  the  water) 
at  the  summit,  even  at  the  cost  of  a  higher  summit,  rather  thai! 
to  xigxiig  up  and  down  and  from  side  to  side  in  a  costly  eflort  to 
avoid  a  continuous  succession  of  transverse- valleys  and  Other 
petty  obstacles,  each  of  which  has  us  at  great  disadvantage.       ^J 

753.  The  advantages  of  ihi^  use  of  pusher  grades  are  not  at  a^H 
confined  to  high  grades,  but  on  the  contrary  are  even  greater 
proportionately  for  low  grades,  provided  only  that  there  be 
business  enough  to  fill  up  the  trains,  and  couplings  good  enough 
lo  permit  of  luiridliriK  long  trains.  On  roads  of  light  and  irregu- 
lar traffic  tlicrc  may  be  no  great  advantage  in  them:  but  many 
roads  having  large  traffic,  which  must  be  hauled  cheaply  because 
it  pays  little,  are  habitually  using  pushers  on  gradients  as  low  as 
o-s  to  0.6  percent.     Torcxamplc,  freight  pushers  are  used 
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Hud&on  River  Railroad,  nearly  95  per  cent  of  which  is  ft  dead 
le\-cl,  and  (he  remainder  over  suoimiis  a  few  feet  Jiigli  on  0.4  to 

THK   POWKR  ftV   ASSISTANT   ENOINtS. 

7M.  By  lh«  use  of  assistant  engines  ihe  avaiUbte  inotive-power  is  ap- 
prokiinKcly  doubled  or  trebled :  an<i  it  is  evident  tliat  economy  in  niotivc- 
pijwcr  reqnlrcs  that  the  rsil««  of  these  grades  should  be  prot>orl!oned  to 
each  uilier  as  neatly  as  pos»ibk.  In  order  that  ndlher  grade  may  he  di»- 
piiTtinnjtcly  low,  but  (hat  the  true  KtrLiscgriitlc  maybe — not  necessarily 
vtthet  ilH-  higher  <pufihcr>  gntdc  nt  the  luwcr  gntde,  but  that  one  which 
invulvvs  most  dilliculiy  4nil  expense  in  tiduciiun. 

With  certain  provixon  which  wc  will  shortly  consider,  the  dctcrmina- 
liofl  of  *  praciically  exact  balance  of  ijradienis  lor  the  use  of  one  or  more 
subuuit  entiines  i»  a  simple  matter.  If  tlie  assistant  cngiDc  be  of  ihe 
nine  weight  ua  the  throutih  cngme.  the  load  to  be  hauled  by  each  en- 
gine is  reduced  on^  half.  If  there  be  t*o  piiahrrs.  ihc  load  to  be  hanled 
by  each  cnK>ne  is  reduced  to  one  third  of  what  it  was.  If  the  pusiier 
have.  »ay.  to  ur  Jo  per  cent  more  tractive  powtr  than  the  thruufih  cnRine, 
the  train  i»  in  cS«ci  cut  into  two  unequal  parts,  that  remaining  to  ihe 


X-O 


,  or 


l-O 


-,  i*,.  47.6  or  45,5  per  ajni 


ji>rough  engine  being  -  ^  ^^^.  „  ,^  _^ 

of  the  original  wei){hl  uf  the  train  behind  lender.  The  ^^radc  on  which 
the  through  engine  cun  haul  that  per  cent  of  it«  load  on  a  given  through 
Eiodr  will  thetiifore  be  the  corresponding  pusher  grade  (or  pu«iier  cn- 
Kiciri  q(  such  weight. 

7M.  By  Ihc  aid  of  the  long  Table  170,  the  proceM  of  detciminii^ 
«tich  pusher  grades  (or  any  through  grade  ii  made  one  ol  mere  inspec- 
tion, ta  practical  convenience  requires.  For  example,  to  determine  the 
pasbergiadeseomsponding  to  through  grades  of  a;  per  cent,  wc  hav■^— 


Aawku. 


A- 


CsBBlidBiiBa. 


Ket  looiil  behind  lemler,  mi  o.  j  |;T»le.. . . . 

Half  of  nbich  it 

Correi  pond  ins  puthcr  grade* 

IJ  oi  loAd.  for  pDBheis  10  p.  c.  beavler,  Is< 

tarreii|>omlin(i:  puthrf  Krkdes 

4|  of  Icutil.  (iir  putbpr*  >u  p.  c.  heavier.  i> 
Corresponding  pusher  grades 

iol  )iMd.  (or  >  pushers  of  equal  weight. . 
oiTcsponding  pasher  grades 


S04  tons. 

is»   ■■ 

.14  per  cent. 

341  ions. 

ji  pel  cent, 

ail)  Ions. 
.  j8  per  cent. 

J  68  ions. 
.S7  p«r  eMI. 


114;  ions. 
S73*  " 
1.30  per  cent 

J  SO  IMIS. 

1-36  per  cent. 

(»  ions. 
1.44  per  cent. 

y&i  loos, 
s. 00  per  cent. 


59*       CHAP.  XVI.— ASSISTANT  KXaHHHS-POWliH  OF. 


Frnm  thrac  examples  it  will  be  seen  that  dlRerences  in  type  nf  en- 
gine make  no  ci>ri»idcrablc  diUcrcncc  in  the  balance  oi  grades,  and  irc 
shall  hcrfiittcf  consider  the  average  Consolidaiion  type  only. 

7M.  If  ilic  piuhcr  were  a  tank  engine  linving  no  tender,  tt  In  clleet 
add*  the  weight  of  the  tender  to  the  train  haulccl  by  the  pusher :  so  that 
to  inake  the  preceding  calculation  we  should  first  have  lo  sulnract  the 
wi-ight  iif  tender  tliu.t  saved  from  the  total  weight  of  train,  and  then  di- 
vKk  the  remainder  only  between  the  through  and  pusher  engines,  in  the 
kbove  proportion,  which  would  increase  the  rate  o[  the  admissible 
]>u&lier  gntdes  materially. 

In  this  manner  Table  iSl  was  computed,  which  gives  the  proper 
ance  o(  tirades  (ur  an  ordinary  Consolidation,  or  praettcally  (or  any  otb< 
eiiffinc.  cxecpi  tank  engines  which  arc  separately  noted. 

767.  The  requirements  ol  the  pamengcr  service  naturally  favor  the 
adoption  of  higher  through  grades  rather  than  pusher  grades,  since  un- 
dulating gradients  however  steep,  have  little  eRect  to  impede  liaulini 
any  trains  ordinarily  desired,  when  the  rise  on  a  single  grade  is  not  grei 
Owing  to  the  decrease  of  tnin  resistance  at  slow  speeds  (Table  i 
and  the  simulianeuus  increase  in  the  tractive  jMwerof  the  cylinders,  the 
limit  at  which  a  high  and  long  grade  can  eertiiinly  be  operated  without 
a  pusher  is  still  further  incriMsed,  The  ultimate  limit  for  the  operation 
of  a  pusher  grade  by  a  single  engine  in  pa^enger  ser\'ice.  l>e)'ond  whicb 
pushers  must  be  used  (or  pas«cnger  as  well  as  freight  Lraiiu^  may  be 
icrmincd  as  (oMoirs: 

The  most  that  would  be  demanded  o(  an  ordinary  i?  x  14  paswnge: 
engine,  weighing  with  tender  56  tons,  more  or  less,  such  as  is  assumed 
in  the  table  uf  train  resistance  (Table  166),  is  that  it  should  haul — as  an 
average  of  a  whole  division  and  every  day  in  the  year,  and  not  (or 
lion  a)  performances. — 

S  can.  or  aSo  toni, 

groa*  wclKbi  «r  train. 

Al  j»  mil»  per  houi  maii- 

niuni  Rpatl  on  ■  IuvfI. 

7&e.  K<iw  the  tractive  power  which  such  an  engine  is  capable  of  exert' 
ing  in  cvciy-day  practice  at  freight  speeds  of  15  miles  per  hour  would 
nearly  if  not  quite  io/)00  lbs.,  there  being  from  40,000  to  44,000  lbs. 
the  drivers.      Therefore  the  engine  will  be  capable  of  exerting  a  max 
MUM  tractive  force  on  these  trains,  at  freight  epecds  of  about  15  mil 
per  hour  of  10.000  lbs.  4-  the  weight  in  tons,  or 

M.J  lb<;  pet  too,  35,7  lbs.  per  uo,  ^ j  lbs.  ptr  too. 


iblc 

J 

Ibc 
un- 


eei^ 


4  cm,  or  166  tons, 

poa  wtighl  of  ii^ln. 

At  to  nllni  |i*r  liuur  msil- 

muin  ipMd  on  1  lenl. 


larara.  or  391 
gtau.  •rclghi  oi  tcalB. 
At  3j  milm  (n  hour  maxi- 
mum  tpmt  on  a  Ivval. 
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Table  182. 
Balance  op  Gkadbs  for  the  Use  of  Assistant  Engines. 

JCOTTKt  withip  an  uniropoTlant  percentage  for  all  classes  of  engiaes  and  conditions  of 
service,  the  through  and  pusher  engines  having  the  same  weight  and  tractive  power.) 


Net  Load 

GbaDI    Vt  WHICH  THI  S^MK  TrAIH 

CAN  sa  Hauled 

TtfJtOVOK-GMADK 

<Ton>> 

Bv  THS  Aid  of — 

won  KID 

{at  Average 

(■nn^nl  i^a  1  inn 

DV  Oht  Bhcihb. 

If  VU^VlJUSbJVU. 

One  Pusher. 

Two  Pustaen. 

Three  Puihen. 

Level. 

2675 

■33 

-74 

1.08 

.05 

8370 

■47     . 

•87 

1.25 

.lO 

1135 

■57 

I.OO 

1.41 

■IS 

1936 

.66 

1.13 

1-57 

.» 

1758 

.75 

1.36 

1.74 

■as 

I61S 

.84 

1.39 

1.89 

-30 

1496 

■  94 

1.53 

2.0s 

•3S 

1392 

1. 03 

1.64 

2. 20 

■  40 

1300 

1.13 

1.76 

3-35 

■45 

1220  — 

1. 31 

1.88 

3.49 

,50 

1147 

I  .30 

2. 01 

2.64 

.So 

102; 

1.47 

Z.34 

2.92 

■70 

925 

1.65 

3-47 

3.30 

.80 

S4Z 

1. 83 

3.69 

3-lS 

■90 

771 

1.99 

3.91 

3.70 

i.oo 

7" 

3.16 

313 

3-95 

1. 10 

658 

2.32 

3-33 

4.30 

1.30 

611 

3.48 

3-55 

4.4a 

1.30 

573 

2-64 

3-73 

4.6S 

^      I-40 

536 

3.BI 

3-93 

4.87 

1.50 

504 

3.96 

4.13 

5  07 

1.60 

475 

313 

4-3* 

5-^7 

1.80 

425 

3-43 

4. 68 

5.68 

s.oo 

383 

3.73 

5-03 

6.04 

2.10 

348 

4.01 

5-3S 

6.40 

J   40 

318 

4^3'> 

5-67 

6.73 

3,60 

392 

4.57 

6.00 

7.0s 

2. 80 

269 

4.86 

6.30 

7-34 

3  00 

249 

5.10 

6.58 

7-63 

If  we  assume  |  iHstead  of  \  ad^usioH^  we  simply  reduce  the  tractive  power  of  an 
aiitage  Consolidation  (Tjible  170)  from  10  tons  to  8  tons.  The  ratio  of  the  Cliosa 
wtight.s  of  trams  on  various  grades  remains  unchanged,  and  the  ratio  of  the  weight 
behind  tender  would  remain  so  likewise  if  the  gross  weight  of  engine  were  reduced  one 
lifih,  or  by  ij  Ions.  As  it  is  not,  the  column  headed  8.otons  [[active  power  in  Taiiie  170 
should  be  II  tons  greater  lo  give  the  net  loads,  and  we  find  the  pusher  grades  to  be — 
33 
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If  we  .illow  S  lbs.  per  ton  for  tractive  friction,  and  divitlc  the  rcmaind' 
which  V,  admissible  at  grade  rc^iBtaocc.  by  3o  (par.  £S;),  wc  h4VC  as  iB 
grddi-s  on  which  these  passenger  trains  can  be  hftgdkd,  b)-  reduci. 
speed  to  )  %  miles  per  hour. 

i.j;  pcrccni,  i.3Sp«crat,  .ft;5pa«ai. 

On  any  grade  up  lo  these  limits,  the  trains  which  sucli  an  enginft 
(an  be  expected  to  handle  iri  cvcty-day  practice  vrill  l>e  readily  huid 
It  the  lower  speed  of  15  miles  per  hour,  if  it  ts  poiisiblc  to  nund  the  1 
(if  time  thereby.    When  Mogul  or  icn-whcc!  engines  arc  itscd,  as  thi 
Dsually  would  have  to  be  lor  regular  train*  K(  long  ax  13  rar&,  itic  itmii 
will  be  consiiiieriibly  higher ;  so  thnt  ne  may  say  in  «  genera)  way.  that 
grades  up  to  1  i.  or  1  \,  or  even  ;  per  ceni,  are  not  a  senous  obunKtion  to 
light  passenger  busines-s.  except  in  los»  of  time.    If  pushers  ate  uwd 
bcluw  the  limits  indicated,  it  is  only  (or  ui^nt  necessity  to  keep 
speed,  as  on  fast  thruu([h  cxprewca. 

759>  The  loss  of  time  involved  in  ituch  checlting  of  passenger 
il  much  less  than  is  sometimes  hastily  imagined.    Tabtc  183  Rives  its 
exact  limits,  from  which  it  will  be  seen  ih^t  a  reduction  of  speed  Irui 
40  to  :o  miles  per  hour,  for  example,  loses  hut  it  minutes  per  mile,  or  I 
minutes  on  an  incline  10  miles  long.     As  the  speed  is  higher  the  loss  of 


1 

lia^ 

I  to 
u  wscd 
scp  IJ^^ 

s}>e^^ 


Throuyti  gmie  lar  cat  coglnb 

Larcl 

■  ■» — .—. 

t  a 

J.B....   .....L 


I — Putbttsnilc*  lof  Mlbrtionol— I 

1-4.  •■).  [>1S> 

•i.|S  *.<ft  «<« 

a.iS  1^  «.aa 

J.»I  J.JI  0.*9 

j.io  tn  •-» 


A  tcKtr  talllat^rUthii  lkt»  %  lit.  rediua  the  ntc  of  prnhn  indm  ahmil  oio>  | 
Ont  on  •  Um\  cn'l'.  ilrcmuine  lu  0.04  at  A  i  |icr  nnt  emiln. 

Far  tuiiilaiil  rKgi-ti  kf3pi<r  tham  tie  tAraujiA  mgitm,  add  Ibc  foUowInc  m 
above  gndcs : 


t  laovQH  Cmsi. 


UkI, 
1.00.. 
l.SO.. 

x.oo.. 


Oka  Aa^at.u^  Ritcihii 
hiaitbh  bt— 


IS  p.  c. 


.03 

.07 

.10 
.19 


tap.  c. 


.07 
■14 
.30 
.*4 


y>p.c, 


.It 

.99 
-31 

■  37 


Two  AUBTAUT  BSOHU 
iiuvi«B  au- 


la p.  e. 


.07 

■'3 

"7 

.30 


Np.  <- 


.14 

.96 

-34 
.40 


J»P- 


ll  i>  nrdr  proper  to  auume  thai  the  aaluanl  en^nc*  vIK  be  of  grcatcr  pa*n  r! 
Ih*  Ihrnuch  EDcinm.     Two  (niihrn  can  only  !»  auumtr!  la  be  uifd  wlifa  a  lai^  tiaSic 
Of  very  hMty  crvdw,  anil  ihnc  puthDrb  <m]y  with  tlm  tciy  lu'^nt  traf^c 


^^^^^^^^^^^^^^^^^^^^^^^^^^^^Hl^^^^^^^^^^^H 

IB 

^P               CHAP.  XVJ.—ASSiSTA.ST  £i>fGmSS-POW£R  OK 

^1 

F       lime  l)rconics  vcty  iniich  less,  while  tiie  gum  of  power  b^coniCH  vei]*               ^^H 
L        much  greater — a  condliion  wliicli  goes  far  lo  justify  counting  on  tbiv  re-               ^^H 
^B    souroc  for  all  classes  of  passenger  trains,  within  reasonable  limits.                           ^^| 

H                                              Table  163.                                                       ^H 
^"     l./i;m  or  TiVK  tx  Min^'tki  Pi:k  MttK  avt,  to  a  Dkcnu.ik  or  Spud  or               ^^| 

Tkc  ubie  (Iva  Ibe  toas  o(  rime  per  mtlc  In  minutu  per  mik  In  ihe  column  hNdml  tqr                 ^^H 
'^^    (tin  Utkrr  tfittA  oppo*iU  the  eivm  jIkwt  ipcMl  to  Hhiili  llir  9|>n«l  ii-  iltciriuKl.                         ^^^f 

'■  ■:»■■■  Sraro. 

Htiinia  SraiD*— Mils*  Pin  Houa,                                                ^^H 

*••  a<*     Mlnam 

'  *•  *r— 1.      Milt 

" 

10       »       W 

as       40 

AS 

SO 

■ 

TlHI 

I.0ST   Hri.  Miu 

■  :  MiHurat. 

■ 

ii 

«.• 

J* 

'I 

1.9 

**9 
t.>9 

»i 
■J 

'■) 

0.9 

o-i 

O.I 

i,C7 

0,«) 

"J* 

>n 

e.iS 

4.91 
f.OI 

•  «■ 

lit 
O.W 
o.Ci 
»4" 

e.»« 

1 

It  «rin  ba  H«n  llul  ihc  «ni(iuni  of  time  hsl  by  conilderable  raducilon*  al  lilgli  apccdt                 ^^^f 

^^^ta)^  than  bj  very  slifihi  rcducirons  of  iptrf^  t»li>w  ju  mllo  pa  hour.  «hilr  Ih*  gun  in                 ^^^| 

— ^na  tolfluec  i*  vrry  much  cituKi  M  hi;;h  sptmli.                                                                              ^^^| 

Tha  fui  N*«  Viiik  Crnlnl  l.imtled  Eiproi.  which  nuik«  the  run  of  970  mtln                 ^^^| 

1   ^^^3itB*(n  Niv  York  aa<^  Chitafo  in  >4h.  5ni..  niih  "nl/  rii:hl  rrcuitr  •I<i]h.  none  ot  them                    ^^^| 

1       ^fcv  mttb,  l«a  js  mtnuta  in  thcte  iiopi  alone.     locludine  alJ  iluwlng  up  through  luwni                 ^^H 

'^^■■1  jnuch^  liopii  «■  (moinev  rtc. .  mil  leu  th.ui  j  houn  of  iht  14  ■1'*  lou  Inthi*  Wiij,  nr                 ^^^| 

•■bem  0.9  mittulapcr  niilr.  nfuivalrni  la  MatrvtJtit  mluiniiiii  irf  }  milaiper bout  in  epeeA,                   ^^^M 

'Vfah  man  lut  tialni  the  lots  wmild  be  more  thin  double  thic                                                            ^^^f 

^^K        760.  Oa  Ihe  N'ciT  York.  UAe  Erie  ft  Western  Rftllfoad.  hav<ti|;  cevti*)  loni;                 ^^| 
^^F  maKhniini  gra^le*  o<6o  (t«i  t«r  milt  I1.14  per  «enl).  pastcnxer  pushere  »e  nted                 ^^H 
^H     onl^  by  the  very  heavy  ihroufih  expreu  mint.     At  Aiioonu.  aa  the  Penn*ytTjt-                 ^^H 
^H    nu  RitilrwMl.  >t  Ihe  loot  of  the  in-lu  grade  <i.6i  percent),  puthert  arc  u*eiJ  l^r                 ^^H 
^H    nearly  all  p>nen)cf  r  train*,  but  nearly  all  are  heavy  trains.     The  luca.  accom-                 ^^H 
^H    oiodatloo  irsini.  coniistini;  ol  j  10  A  oidinary  clay  coaches  and  baggi^  cars.                  ^^^| 
^B    me  no  puilK-rt,     About  30  mile*  per  hour  is  made  by  the  pftMCUKcr   ualna                 ^^H 
1           utiDK  Ttoktiert  up  ihr  Riouiilainii.      Except  for  Ihe  requirement  of  nialiinK  this                 -^^^f 
^^     tpecd.  maay  of  tii«  piuticD|{er  ttaint  could  ditpenne  »ilb  pushers,  allbough  ibe                ^^^H 
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heavier  (htough  expresan,  consistinf  of  6  lo  3  c«™.  esch  avcrftRine  o'ct  '5 
toaiL.  wautd  find  illAicully  In  ucendUig  ibc  mounujo  wiiliaul  aii  wsikUni  en 
gine  <vco  at  very  slow  speed. 

On  (he  Middle  Division,  having  vctjr  Msy  cndea,  not  ovei  l6  ft.  per  nilc 
ni  uiy  poliii.  at  in«ny  »  ti  heavy  car*,  but  not  more,  are  hauled  by  a  sinfle 
pUMn|t«r  ciiKine.  miiking,  however,  even  with  thi*  Iraln.  high  average  <pccd«. 
Similar  Iraiii*  air  hauled  over  the  Nen  V»rk  Ceiilial  road  (or  the  cnilrc  dli 
unc«  (ram  New  York  to  Bufialo,  eanpi  that  a  puther  is  uied  (ot  ihc  gnO* 
about  i.f  percent  at  Albany. 

76t.  Kxcept  within  ihc  timlis  above  noted,  pai*cngcr  [rains  as  wi 
US  Irciiclit  muHl  be  asauincd  to  rcquiix-  pusliers.  Tlic  more  certain  it  ift 
that  lii|;h  speed  will  he  required  at  nil  points  the  mote  likely  thejr  aie 
lo  be  required ;  and  wherever  it  appears  likely  that  the  pavcnger  triilSc 
will  lie  I'mportiint  and  competitive,  It  may,  fcr  a  moticralcly  prosperoiM 
road,  be  giving  no  more  than  due  weight  to  the  gTcat  and  pcnouient 
value  o[  ciuy  KradieiitK  to  iLtsumc  that  nil  trains,  both  passenger  and 
freight,  will  probjiblv  rcnuirc  helping;  engine*,  especially  as  ihc  lendeiKy 
to  increase  the  weight  ol  passenger  trains  and  cars  is  strong. 

The  assuiiipiioii  made  a:^  to  passcnfjer  helpers  will  niak«  a  consider* 
able  difference  in  a  coiuparison  of  gr.idicnis;  for  if  ihey  be  assumed  lo 
be  used,  the  advantage  of  pusher  gradicnis  over  moderately  favorable 
through  giudienis  will  be  much  less:  white  if  they  be  not  assumed,  the 
disadvantage  for  pnsscngcr  service  of  the  higher  ratcsof  grade  can  bardly 
be  estimated  at  any  ooniMdembIc  tigiirc. 

762.  In  laying  out  pusher  grndcs.  the  elTcct  of  Ructualtons  in 
velocity  of  ttuins  to  modify  tlie  apparent  relation  of  the  grades  to 
other  must  be  carefully  kept  in  mind.  The  cflcct  of  Uicsc  differem 
(fully  conude  red  in  Chap.  IX..  par.  397 /■/  j<fc.)  will  usually  bclh  at  the 
apparent  maximum  of  the  lower  (Mnglc  engine)  grades  will  be  higher 
than  it  reality  is.  while  the  actual  maximum  n!  the  higher  ipushcr)  grades 
will  be  greater  than  the  pniiile  .ihou-s.  so  that  the  latter  will  nc«d  lo  be 
reduced  lower  than  an  apparent  bahince  reqnites  in  order  to  give  a  true 
balance.  On  long  steep  ascciilii  Hliglit  Kagi  in  the  grjde-line  may  be  per- 
miuible  (i>ar.  414  ^l  s^-\  but  other-wise  no  excess  of  momentum  can  be 
relied  on  lo  carry  trains  over  any  increase  u'haie\-er  above  the  normal 
rate:  while  any  stop  on  the  grade,  if  the  latter  t>c  long,  will  increase  its 
limiting  effect  far  above  the  apparent  muximum,  unless  care  has  been 
used  to  case  the  grades  for  all  stops  ubich  can  possibly  be  required. 
Even  if  this  has  been  done,  there  are  always  likely  lo  be  occasional  irreg- 
ular stops,  and  the  occasional  operating  inconvenience  therefrom  will  b« 
allowed  far  more  than  its  true  weight  in  anting  down  irains. 


lardly     , 
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783.  On  ihi-  (j:h('r  h»itd.  the  lower  throuuli  nmde  will  rery  commonly 
•  cui  up  int'j  sucli  sliorl  strelclien  Ili;il  moinenlum  will,  or  may  bt  madt 
Hi.  fodutc  lis  a{>parent  mic  very  uiatuiutly,  and  even  ll  not.  moociatc 
■mpfos'cnicnis  in  the  (uture  will  oficii  suliicc  10  accomplish  this.  More- 
over,  it  ts  always  conoparativcly  cu>y  10  (orcscc  and  guard  agatiost  limit- 
ing effects  from  si  ope. 

True  economy  will  ordinarity  dictate,  therefore,  thai  tub  resistanck 

BM  tMl;   I-l'SmR   OKADK  SHOULD   lit    Al     I.RAM'    TKN    PRR    CF.ST    LKSS 
THAN  AN  APPAKF.N  t    RALANCK  RBQUIRES  11  iUtillnablc  at  moderate  CMI, 

with  the  following  pn)vi»o: 

If  the  rate  of  the  pu.iher  grade  be.  (toni  itH  co«tarotherwii«.  tlie  fixed 
eleroenl  beyond  control,  >«  often  hapfiens,  Uien  the  rate  of  the  lower 
tbrougti  grade  nhoulcl  be  reduced  at  any  reasonable  cost  (it  u  uMially 
imorc  at  ibe  co*t  at  care  than  money)  to  and  a  lillU  Mew  the  lull  exlcDl 
^«'hlch  an  apparenl  balance  reiiuires :  In  accordance  with  the  sound  gen- 
eral principle,  tliat  the  links  in  a  chain  whoM  strength  we  cannot  control 
,  nor  exactly  foresee  should  be  the  weakeM.  and  not  ihovc  whooe  »ireagth 
ire  can  control  and  can  foresee. 

78*.  A^ain.  the  lower  the  rolUrtg- friction  the  Breatct  tlie  {Koportlon- 
aie  effect  of  gradicnu  upon  the  lou)  train  resistance,  and  consequenUy 
the  lower  must  be  the  r^te  of  the  higher  puslicr  grade.  As  wc  liavc  8»- 
Mincd  (par.  613  and  Table  170J  8  lbs.  per  ton  rol ling-friction,  which  is 
probably  from  1  to  4  lbs.  high  for  the  slower  working  speeds,  the  rate  ol 
the  higher  grade  should  be  ffomo.itoo.3  percent  lc»  than  theory  would 
otherwise  indlcaie,  where  possibic.  for  tht«  reason  alooc 

KTflSa  A  eariaiion  In  the  weight  and  power  of  the  assiitant  cnglitcs 
ffords  a  means  of  c()uaU)!ing  minor  inequalities  in  the  balance  of  gra- 
ilicnta.  aboiild  MU'h  br  diiKOvcrcd.  Init  thU  .should  be  counted  on  with 
catition  in  original  location.     To  count  un  uniiig  ptuber  engines  lighter 
than  the  through  engines  would  onllnarily  be  very  bad  practice.     It 
would  be  preferable  to  save  inoivcy  and  length  of  puahcr  grade  by  i»ing  a 
weeper  rate  of  grade.    To  count  on  uaiog  heavier  pushers  is  open  to  three 
l,4>b^e<:(ions:(l)  The  tendency  tsalways  to  u«e  heavier  and  heavier  through 
aglaea,  and  a  point  will  then  soon  be  reached  where  corretpondtng 
Increase  in  the  weight  of  pusher  engines  would  be  objectionable  or  iin- 
|fraciicab(c ;  (i)  It  imposes  ^  greater  tax  upon  titc  mils  and  truck  at  the 
vtrf  point  where  the  alignment  maka  it  motii  objectionable  ;  (3)  Such 
.gain  a>  ii  posciblc  in  this  respect  is  very  apt  to  be  required  and  used  to 
ivukcup  for  the  inequalities  In  what  was  supposed  to  be  a  correct  balance 
of  gradients,  fie  teitdtaey  aturaft  Mug  lo get  tk^  rait  ef  tk*  fiuiAtrgradtt 
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M  Mish/or  a  rorret:!  Aiiatue  v//A  fie  lawtr gradet.  In  actual  practkc 
at  the  present  day,  It  will  be  (ound  that  (luaher  cnpnes  usually  ate  i 
Uitlc  licdvier  than  ihc  throu|{h  engines,  and  yet  tlut  ifae  (Kiihcr  t[nidci 
arc  no  higher  in  rate  than  TrI>)c  1R3  would  indkate.  ihe  ciccu  beinf 
utcd.  ;tpp.i[i-nily,  for  the  procrdlng  and  (ollowing  rcHsutm.  and  not  i'> 
provide  4  true  IwLiiure  under  norninl  conditions. 

764.  II  ilic  rateol  adlic^ion  be  low.thcsdmissiUc  nuesfor  the  higher 
ICTMlients  \%  very  routerially  decreaMd.  as  shown  in  Table  183.  for  the 
reaMin  titnl  Ihe  percenlii([«  <■(  eflect  lost  in  moving  the  engine  iiacit  li 
ver)-  malcrialljr  grealer.  As  on  many  days  iu  the  year  the  tMM>  of  adhe- 
sion ii  unavnidutily  low.  cm  tlwM:  d4pi  tlie  res^uliing  inconvcnrrncc  wQI 
be  confined  to  the  |ni*hcr  grwdc.  but  will  be  very  n|M  to  lead  to  the  pcr- 
muncnl  culling  down  of  iraim  01)  both  grade*. 

'I'he  LOiuequciieea  of  any  unfomeen  breakdaim  or  ulfaer  cance  tA 
accident  or  delay  arc  SO  much  more  serious  on  heavy  (trades  liuu  a  m- 
tsin  exceu  ul  motive-power  bs  naturally  sought  for  and  generally  obtained 
in  such  localities.  »nmciiiiic»  at  the  expense  of  sound  economy. 

The  curr.iiure  00  heavy  gradients  ts  usually  very  muci)  more  severe. 
As  the  »]>ecil  is  also,  usually,  very  much  slower,  anil  complete  stoppage 
fmm  lack  of  power  more  frequent,  it  appears  proljabtc  (pars.  308.  yj^ 
that  the  cur\'e  resistance  per  ton  ts  higher,  and  hence  that  cither  the  iJie 
of  oompensation  for  ctinalure  must  he  made  higher  on  high  puUier 
grades  or  n  lower  average  rate  of  grade  than  a  nominal  balance  require* 
be  ailoptcd. 

TIIK  DtrrV  OP  ASSiSTAIfl    EXOIXKH. 

767.  lender  ihe  ordinary  exigencien  of  apcnition.  with  two  inipcrrtant 
exceptions,  below  noted  (par.  770  //  J^f.).  puthing  or  assistant  engine 
service  mast  be  rendered  by  Miparute  cnKinei^  s|>eei.dly  delaiied  for  tbtt 
duty  and  iivajtabic  (or  no  ulher.  Il  n  iherulurc  not  curreet  to  osnime 
thji  the  punhing  lervicc  will  coitt  utiuut  the  ume  |icr  mile  run  a*  tor 
through  engines,  or  that  ptuhing  engine*  will  make  the  same  annual 
mileage.  Rather.  Ihe  safer  basis  U  to  assuntc  as  nearly  as  may  be  thai  a 
certain  number  o(  engines  must  be  maintained  for  that  sorvke  «Ion&  at 
a  certain  eo«l  per  day  regardless  of  mileage  made,  plui  the  eaira  cost  due 
to  running  a  certain  number  ol  miles,  whether  that  Dumber  lie  50  or  100 
IK  more  miles  pei  day. 

7M  As  a  general  and  safe  rule,  the  mileage  of  assistant  engima  may 
be  taken  at  100  miles  per  day  */  Ihrj  vnll  katt  »  tkantt  to  mn  it.  and  as 
at  kast  equal  to,  if  not  considerably  in  excess  of,  the  mileage  uf  ordinary 
Ibntugh  engines.     As  much  as  1 30  miles  per  day  b  run  by  pusber  enginci 
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on  various  roa<U.  under  (uvorable  circumsunccn.  bul  exp^rknci:  tlori  not 
fu«tifv  an  Kiaum]>ti<>n  thiit  ni'>Tc  Uiuii  ihin  i.-i  priicti<:al>lc.  If.  tlicrvforc, 
thir  trximuu-fl  ualfic  will  rivjiiire  1 50  miles  |«:r  day  of  puiliei-  service,  ihe 
"nly  Mile  lui.iii  in  tu  an»inie  itut  two  cii|;incs  with  iwo  crew^  will  be  rc- 
quined,  in«kinft  JS  «"!«  per  day  each.  Tlicocetically.  one  enyine  wilh 
ttvo  crews  mijibt  do  lliv  work.  I>ut  (iracticiilly.  if  ihc  duty  were  to<>  nmch 
**  one  enitiaQ  and  crew. convenience  would  alniosc  ccnalnly  rcqiiiic  snd 
'^t.U)'  kecptng  two  eni;incs  in  wotklng  order  with  sieatn  up  for  at  least 
'   hmirs  per  day. 

Vlien  itie  pnaliiny  service  10  be  pcrfornncd  is  over  loo  mil«  per  day 

*■*■=    only  safe  basis  .is  to  assume  one  engine  (or  C4ich  100  miles,  or  (rac- 

r»  ilKrv-of  over  fifty. 

7W.  Fiorw  nnc  to  two  months  of  every  year  is  lost  by  enKines  while 

"^    sbup  for  repair*  (sfc  Table  51  J.^^iich  reduces  the  appn rent  milcAKC  per 

*^^ine  per  year  (and  hence  per  day)  by  10  to  16  or  more  per  cent ;  but 

•*  ■  9  loM  need  not  be  considered  in  computing  the  numher  of  enumn  rc- 

*^  ired  lor  puihmit  »cn*ice  from  the  pn>b3blc  niileagc  to  be  run.  or  its 

^*«t.  since  the  cosi  ol  tliese  repairs  is  included  in  the  cost  of  the  milts 

~tun1ly  nin.  and  the  engines  actually  dcuiilcd  to  pushing  ser\'icc can  aud 

t-U  be  always  in  working  order. 

The  exceptions  to  whiih  the  preceding  general  niles  do  not  apply  are 
t»cs^ 

770.  I.  VThen  traffic  is  very  ItKbt.  pusher  grades,  if  not  too  long,  rnay 
^>«;  opcratetl  by  cutiinj!  trains  in  two,  leaving  h^lf  tbi?  train  at  the  bottom 
<>i  the  iirade,  placing  hull  of  it  on  a  aiding  ut  Ute  top,  returomii  lor  the 
"Vkther  tulf,  which  is  preferably  pushed  up.  and  then  proceeding,  aftef 
«=oupIinK  «p.  with  the  entire  train  once  more. 

This  is  done  In  only  «  limiicil  exivnt  as  a  reK^l'r  practice.  alUiouith  It  Is  a 
resort  In  cmrrKfitciei  on  nearly  all  roai]>>.  Il  iniiclil  well  tm  done  10  ■  nitich 
Brvtiicr  extent  than  l[  is.lf  n  were  only  10  run  a  fteigtii  train  three  limo  a  week 
tnslnil  ti(  daily,  li  Isoneof  ihnte  possibilities o(  econonay  wbjch  arc  neglected 
until  nei'iNiily  co«n|)el>  (Item.  bceMUH  they  lake  soma  trouble  and  so«i«  dcvla> 
lion  from  t>iJinaiy  routine  in  management. 

ronvcnkenic  rt<jiiirc»  ihii  there  should  be  a  siding  at  least  half  a  train  lone 
fprrfrraliiy.  ol  course.  >  lull  irnin  tone)  at  both  top  and  tiottoin  of  the  emJc.  the 
lack  of  which  li  no  doabt  one  gresi  reAton  why  this  expedient  is  not  o(l«ner  re- 
ported to. 

77t.  3.  At  sliort  pusher  gradesnear  Station". yard  or  switchingengincs 
oin  often  perform  a  pan  or  all  of  the  requited  pushing  service  at  very 
moderate  cost — or.  what  amounts  to  the  same  thinjc.  tlie  pushing  engines 
cait  be  so  utilized  for  switching  service  as  to  greatly  reduce  the  coat  and 
laconveaieitce  ol  using  pushers. 
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The  in»iancc9  arc  many  where  ynrd  engines  are  iiiiliiH  in  ihw  way, ' 
only  to  help  tmin«  ihrnuf^h  yards  nt  which  there  woiitd  be  no  difficiiltf,' 
exrepL  (or  the  (uct  tliut  it  is  a  yard,  because,  for  obvious  topographicil 
and  commcrt:ia]  reasons,  it  is  vcr>- common  to  find  large  yards  neat  sliott^ 
glretches  of  objectionable  gradients.    When  the  yard  is  very  laige.  t^H 
that  several  yard  cnf;ines  arc  constantly  employed,  the  pushing  servic^^ 
cannot  be  ii^numed  to  be  .tdded  without  adding  its  lull  pro  ratJ  lo  ihe 
number  uf  engines,  but  in  all  ciiscs  (he  co&t  and  inconvenience  o(  ihi 
service  will  be  decreased,  and  ao,  indirectly,  the  number  o(  engine*  which 
will  probably  be  required  (or  the  joint  service,  to  tlie  eitent  perhaps  o^^ 
Ijor  lo  per  cent  o(  ihc  whole  number  of  engines,     ^wltchingengincsoi^^ 
the  ordinary  type,  having  all  their  weight  on  drivers  are  Dot  well  adapted 
for  pushing  service,  on  rune  of  over  a  mite  or  two.  nor  much  used  there* 
for,  smcc  they  arc  til  adapted  for  high  speed,  which  is  often  desirable  m 
tctunimg  down  hill, 

773>  The  convenience  of  the  service  must  be  considered  as  well  as  the 
theoretical  retjuircmeiits  in  estimating  both  the  probable  dtityaiid  prob- 
able  cost  of  the  assistAnt -engine  service,  as  also  of  course  in  laying  out 
the  fgnAes.  Unless  a  station  be  situated  immediately  at  the  foot  or  top 
of  the  grade,  the  service  iiiu^t  be  aisuined  to  b^in  at  the  nearest  consid- 
enble  station,  if  theic  be  one  within  three  to  five  miles  of  either  point 
because  that  is  where  convenience  will  require  that  it  should  begin 
practice. 

Unless  two  successive  pusher  grades  are  more  than  fire  or  perliap 
even  eiRht  miles  apart,  they  may  more  jmidently  be  taken  as  one  and  the' 
same  gtatle,  because  in  practice  that  is  the  way  in  which  they  will  bc_ 
likely  lo  be  operated.    The  tendency  ia  always  to  consider  convcnienc 
in  such  mailers,  even  at  the  expense  of  economy;  and  it  may  be  question< 
if  there  is  even  a  tbcotctical  economy  in  breaking  up  a  pusher  run  Into  t« 
for  less  than  a  five-mile  inicrval.oreven  under  speci8lcircumstaflccs.with^ 
thin  traffic,  for  considerably  more.    The  inconveniences  of  stopping  and 
starting  and  of  maintaining  the  double  service  and  the  loss  of  time  are  too 
great.     No  stop  is  required  at  the  lop  of  the  grade  for  uncoupling  the 
pusher,  but  for  coupling  on  a  slop  is  necessary,  and  a  single  stop  of  a 
heavy  triim  costs  more  than  a  five-  or  even  ten-mile  run  of  a  light  engin&^_ 
which  would  otherwise  be  standing  idle  with  steam  np.  j^| 

773,  In  considering  the  question  of  the  probable  duty  of  assistant  en- 
gine* it  is  further  to  be  remembered  that  trains  do  not  come  at  equal  in- 
tervals of  time  apart,  but  some  arc  likely  to  come  w>  near  together  tha 
two  or  more  engines  will  be  almost  indispensable  at  certain  times  of  th 
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I  tJay.aadsomesofuraparttlvai  much  tim«wilt  be  tost  ubilc  under  swam. 
On  lh«  olhcr  ham!,  good  time  can  generally  be  ntadc  down  hill :  and  the 
systenu  of  automatic  and  other  block  »if;nalB  have  now  been  bro«ighi  so 
near  perfection  (liat  shod  sections  at  least  can  be  so  protected  that  little 
time  need  be  iutil  between  ttains  for  the  sake  of  allowing  a  margin  of 
safety  in  time. 

American  railways  are  but  beginning  to  avail  thenuelves  o(  these  in> 
tertocklng  and  »iKnal  devices,  the  use  o(  wbich  may  be  expected  to  ma- 
terially increase  herL-after.  For  sections  on  whkh  pushers  are  u»ed  they 
are  panicuLaity  ncll  adapted.  At  such  points  the  number  of  trains  is 
praciicAily  doubled,  and  it  may  well  be  a  question  between  such  signals 
and  a  double  track. 

For  any  considerable  traffic  a  tckgrnph  station  at  top  and  bottom  of 
the  grade  is  all  but  indispensable 
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THS  COST   OP  ASSISTANT   ENGINES. 

774i  This  may  be  divided  into  Uiree  elements: 

I.  iHtcrrtt  ekargt  OH  tie  ertginal  tost.  a^ccia\\Q  the  use  of  |KislKr>,in- 
ctudmg  extra  engir^^.  engine-houses,  if  any;  sidings;  block  signals. if  any: 
etc 

3.  CvU  per  day  for  wages  and  a  certain  portion  of  tbe  fuel  and  repair 
charge  all  of  it  independent  ol  tbe  mileage  mn  per  day.  as  ti  also  the  cost 
ol  niaintc^Dtng  block  signals,  if  any. 

5.  C«jt  per  miU  run  for  fuel  and  repairs,  and  (or  wear  and  tear  of 
foad'bed,  track,  and  sidings. 

77B.  When,  as  will  usually  happen,  an  approximately  (air  mileage  can 
be  obulned  from  the  assistant  engines,  say  So  to  100  miles  per  day.  it  it 
Bniieceasar>'  to  separate  these  items  from  each  other,  but  the  whole  cost 
per  mite  run.  exclusive  of  mainienancc  of  way  and  interest  charges,  may 
be  assumed  not  tovar>-  mntcrially  from  that  of  ordinary  through  engines, 
urtieii  there  is  some  considerable  difference  in  weight. 

The  experience  of  the  Philadelphia  dc  Reading  Railroad  indicates  that 
*Jij  intermittent  service  of  pushing  engines  docs  not  arid  materially  to 
expense*,  and  much  other  evidence  to  the  same  effect  might  be  given,  as 
alao  for  the  fact  that  assistant  engines  will  realize  a  somewhat  h.glier 
yearly  service  than  through  engines,  >-wing  to  the  nature  o(  their  service, 
which  facilitates  care  and  prompt  repairs.  At  least  the  difference  in  cost, 
il  any  Mist,  must  in  general  be  trifling.  Assuming  there  were  none  at  all. 
the  DIRECT  ntnuNlNO  EXPCKSEii  (or  fuel,  ml,  and  water,  repairs  and  engine- 
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wages  would  uvcragc.  ns  per  Tabic  8a  page  179  <»«  Cliap.  V,  (or  (unher 
dcuils),  30.8  cents  per  mile 

776.  Tbc  MAiSTRNANCK-orwAV  cJipeows  must  alao  be  cMimatwJ  u 
a  considerable  figure.  There  U  n  pcctilinr  u-mptaiion  in  ibis  case  to  fall 
into  tbc  error  dtscu^sed  in  par.  I  jj,  and  assume  tliat.  except  in  tbe  one 
Item  of  wear  fif  rails,  there  will  belittle  additional  expense  (or  mainte- 
nance of  way;  but  parUyfor  the  indirect  causes  discussed  in  p«r.  135 — the 
necessity  of  maintaining  a  higher  siandaid  as  trains  Increase,  as  well  as 
of  keeping  up  to  the  same  standard— the  cost  of  maintenance  of  way  will 
certainly  be  mnierinlly  increased.  For  reasons  wrhich  may  be  readily  (tl^• 
■>ucmI  from  piirs.  717-  iti.  it  will  certainly  not  be  cxceMive.  and  )>rotMl)lyaa 
nearly  (air  as  ist  poasible,  to  aii^iume  Uiai  the  wholu  co«t  per  itnin-milc  of 
maintenance  u(  way,  excluding;  maintenance  of  bridges  and  buildin[;i.  is 
increased  about  50  per  cent  by  the  pusher  directly,  and  including  the  i^ 
<Ilreci  increa«  due  to  heavier  traffic  may  fairly  be  taken  as  In  pract^^ 
100  per  cent.  ^ 

777>  The  total  coM  of  puslicr  service  (Including  the  return  tlKtit  dowi) 
icni(ie)  PEK  mi^v.  OF  INCLINE  (On  the  basis ol  ti-oo  per  train-mile  averjfl 
cost)  will  then  be  as  follows :  ^| 

Direct  running  expenses,  fuel,  water,  oil,  repairs,  and  wages  ^| 

;)er  mile  of  rouniJ  iii|i. 41.6  cents 

Maintenance  of  way  expenses  per  mile  o(  round  trip  17.5  cents 

(Table  So)  X3 3S.0     "4 

Total  co^t  per  mile  o(  Incline  per  round  trip 76.6     "H 

Or  per  year  per  daily  train  per  mileo(  Incline.  $0,766x365  =  $:Bo.oa     H 

778.  The  Inirotluciioii  of  siccl  ritlianil  ihc  Kencral  cheapen  irk  of  all  railiray 
suppllea  has  grnllr  icduvcd  wlthlii  receiu  ycnn  (he  coil  of  lucb  ictvicc.ciped^ 
ally  (or  mainlcnance  o(  way.  In  the  (ormor  citiltnn  of  this  work  Iht*  expe^| 
(ler  mile  ol  loiind  trip  van  extlrnated  ai  qj  ccrii.  ot  wbich  54  cents  wtra  (or  ^^ 
coinolivc  expcnsct  iinil  40  cents  lor  raamieiiAncc.  ^| 

779.  T)its  estimate  assumes  that  tbc  pushing  engines  arc  kept  falilr 
busy.  Ht  a*  to  make  something  like  80  to  100  miles  i>er  day  average  milfr 
■ge.  II  this  $t.-em  impossible  or  doubtlul.  it  will  require  to  be  increased 
correspond  mi; ty.  All  that  tbe  cn^-inc  (alls  bctow  too  miles  per  day,  i^.. 
all  ^tential  milcaKC  not  actually  run,  may  be  assumed  to  cost  i  to  1  as 
much  per  mile  as  if  it  had  been  run.  and  is  so  mucli  added  to  the  cost  of 
wliat  IS  run. 

780.  Thi.i  rtiults  (rom  the  following  estimate:  Comparing  thecoft 
[ler  niilc  run  of  an  engine  in  actual  service,  as  per  Table  So^  and  the 
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o(  an  engine  standing  sttlt  in  the  jrard  with  neara  up  (or  an  c(}u«)  pct'ioA 
at  Uiae,  wt  bare,  approxiinatcty.  tlie  tollowing : 

Avme''  ■!  Mtvin.  Stu^mK  in  yaa. 

iti.  or  p.t.  Pertnsi.    AmXctvor  p.  t 

Fuel 7^  10                   o^ 

Oil  and  water,    .....     1.3  o 

Repairs. 5,6  lo                    ^ 

Vfagcx 6.4  100                  64 

Maintenance  of  way,      ,    .17.5  o 

38.3  7.8 

TBt.  The  chief  loss  from  Mantling  Kilt  is  in  tngink-vagrs.  Fuel  ia 
not  ncccnNirily  WHStcd  lo  any  such  extent  as  to  make  II  an  item  of  ini- 
portiuicc.  The  total  coniumption  per  hour  of  an  engine  stiuiding  in  die 
yard  to  dimply  make  k<^kI  the  Iom  (r^nt  radiation  has  liccn  drterminrd 
by  experiment  not  to  exceed  neceuariJy  24  to  35  Itis.  of  caul,  or  iilxnii  the 
quuntily  burned  in  itervicc  in  running  one  liali-niile.  Thiii  wxMild  indi- 
calo  itiai  the  consumption  of  an  engine  standing  idle  in  a  yard  (or  a 
1*  bole  day  with  steam  up  would  only  be  one  or  two  per  ceni  of  what  it 
would  be  in  scnice :  but  an  engine  sunding  idle  only  between  intermil- 
tcot  periodiOl  service  would,  by  carrying  a  larger  tin;  iiad  the  cooling  off 
ol  tlie  machine,  as  well  as  by  blouriog  ol]  tbrougti  tbe  safety-valve  and 
<«her  effects  of  carelesa  firing,  waste  much  more  than  this  proponiuo ;  so 
thai  the  allowance  made  above  <to  per  oenil  is  bardly  too  higJi. 

782  The  cllcci  on  Cost  ok  Ki:paiics  per  mile  ron  of  imcrmittcnt 
work  I*  likewise  jLlieht,  There  i«  no  douhl  tome  hnd  cffcirt  from  tl)c 
ititerniiitent  and  irrc^^uiar  nature  of  [Hi«licr  service,  hut  ilir  mere  (act 
that  an  engine,  lictween  its  ttipn,  stood  idle  wiih  steam  up  for  nn  hour, 
more  or  lef«.  instead  nt  immedi,itely  «>.ifiing  off  nn  another  trip,  o-nuld 
af  iuelf  add  little  to  the  cost  of  repain  per  mile  actually  nin.  Dcterio- 
ntion  wouUI  no  doubt  be  going  on.  but  all  the  great  cau«e«  of  dcieriora- 
lian— wear  and  tear  ol  running  gear  and  macliim-ry,  from  slopping  and 
starting,  brakes  and  running  over  the  track,  injury  10  tioilCT  and  boiler* 
tulic.1  by  cooling  oil,  lf>'  the  lierce  beat  of  tliu  lire  and  by  the  inechuntcd 
anion  ol  ibc  coal  dr:iwn  through  ttic  tubes,  etc..  etc.— arc  absent.  The 
above  allowance  is  therefore  ampic.  and  probably  eaccssive.  leading  to 
ibe  rcMiIting  conclusion,  that  ihc  cost  of  an  engine  per  hour  standing  «n 
tbe  yard  with  steam  up  is  little  more  than  one  lifth  as  much  as  if  in  mo- 
tion at  15  or  so  miles  per  hour. 

The  oonectneM  of  this  conclusion  might  be  indicated  in  another  way 
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by  comparison  with  experience  with  switch  engines,  bat  more  detailed 
comparison  would  lead  us  too  far. 

n3.  The  interest  charge  on  pusher  cnRlncB  is  fairly  cliargcnblc  to  tlic 
cost  of  the  service  as  well  as  the  running  expenses  for  Llic  same  reason 
tliai  tlic  micrcst  charge  in  itic  extra  engines  required  to  operate  a  hcavSer 
grade  must  fairly  be  added  to  the  other  expenses  entailed  by  the  grade, 
as  spccilied  in  par.  7it.  Properly  speaking.  Ihc  first  com  of  these  extra 
engines  isa  part  of  the  cost  of  constructing  the  tine  of  those  grades,  as 
much  as  the  bridges  or  track  thereon,  and  it  should  be  included  in  the 
estimate  of  ilic  cost  of  construction  unless  the  interest  cbai^  is  added 
to  tlic  operating  expenses. 

7B4.  To  accurately  estimate  the  cost  of  pusher  service,  then,  wc  must 
determine— 

First.  The  length  of  pusher  run  in  miles  (par.  767). 

Steondiy.  The  probable  number  of  daily  iripct  per  engine,  and  beni 
the  number  of  enginu  required  for  the  given  itafltc. 

Thirdly.  Determine  the  annual  interest  on  iheir  Tirst  cost. 

Feurlhly.  Compute  the  cost  of  the  mileage  made,  according  to 
777  and  780. 

The  sum  of  the  last  two  item*  will  be  the  total  cost  of  the  puslier  ser- 
vice. 


COMPARISON  OF  PUSKER-CRADE    LINKS  WtTH    UNIFORM   GRAD1E!(1S.  * 

789.  Ordinarily,  when  pusher  grades  are  u^ed,  they  will  not  be  per- 
fectly balanced  with  the  through  grades,  but  either  one  or  the  other, 

whichever  opposes  most  difficulties  of  con- 
struction 10  obtaining  low  grades,  will  be 
[he  true  limiting  gradient.  The  other 
must  then  be  assumed,  in  order  to  giv-c  a 
fair  comparison  with  a  tiniform  gradient 
line,  lo  be  of  luch  rate  as  to  give  a  per- 
fect balance  (Tabic  tSz).  although  tlic  fact 
that  it  is  rcallylowerwill  not  therefore  be  a 
.  wholly  valueless  advantaite.  even  tor  freight 
purpoacs.  In  Fig.  179.  for  example,  the  0.7  through  grade  and  the  1.7; 
pudier  grade  arc  not  perfectly  balanced.  The  pusher  grade  should  eiih 
be  reduced  tn  r.6s  or  the  through  grade  be  assumed  to  be  equivalent  to 
o.;j.  unicvi  the  circum.ttanccs  make  it  proper  lo  assume  the  um  oI 
heavier  pusher  engines  than  through  engines,  which  le  rarely  the  case 
(par.  763  tt  stq.). 
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786.  If,  iIko,  we  have  two  stternate  localions.  AB  und  AA'B.  Fig. 
179.  one  of  wlikh,  AB.  is  on  a  lower  tlirougli  Kmde  (nay  uf  1.25  per 
cent),  whkti  ii  haa  appeared  practtcabk  to  operate  mithout  a^Uiuiil 
power,  and  the  other,  A'B,  is  the  lowest  ihrough  grade  which  it  lias 
been  or  wilt  be  practicable  to  secure  apart  (rooi  the  Incline  AA'.  which 
it  19  expected  CO  work  with  otsixtant  power,  Dv  ADoriiNC  the  link 

Wnil  ASM-STA.VT    POWER— 

Firtl.  Wk  r.AIN  whal  i.i  equiviilent  to  u  reduction  in  the  rulinn  Kr.idc 
from  the  rate  AH.  which  in  the  diajirani  U  l.:5  per  cent,  to  the  nxeA'B, 
whatever  it  may  be.  The  amount  o(  this  ^ixn  will  depend  upon  tlie  skill 
and  ROod  tortunc  with  which  the  grades  bav«  been  adjusted,  but  it  wilt 
ordlnatily  be  a  very  cgtiiiderablc  difference. 

Se(oiui.  We  losk  ihe  cost  of  aMisiani  power  on  the  incline,  as  esti- 
maicd  according  to  par«.  777-784- 

787.  The  problem  being  thun  Kt.ited.  the  values  previouidy  deter- 
mined give  us  a  ready  and  simple  mctho<I  of  solving  it.  Thus  if,  in  Fig. 
179,  we  have  estimated  tl>c  pmbablc  number  of  daily  trains  required  on 
the  pusher-grade  line  ^' A,  which  is  actually  a  0.7  maximum,  but  b  virtu- 
ally made  0.75  by  the  cRcct  of  the  imperfect  balance  of  the  pucher 
grades,  then,  by  adapting  the  line  having  a  uniform  maximum  gradient 
of  t.z;  percent,  we  have  in  eltcct  lncrea«ed  the  ruling  grade  &Sopcr 
cent.  Now.a»umirif(  tbe  pusher  line  to  be  100  miles  long,  with  a  puslier 
grade  of  10  mile:*  length  on  it,  and  the  other  line  to  be  io>  miles  Idng^ 
the  estimated  difference  in  the  operating  values  of  the  two  alignments 
would  be  as  follo«-s.  allowing  the  rate  of  interest  on  capital  to  be  5  per 
cent. 

tnf'ivaro/ Ihf  pmhrr  lin^AA'B.  I'BR  DAIt.V  TRAIN: 

Diflerence  in  ruling  gmde— a  sav-ing  of  OL^pcr  cent  increase 

above  a  Ol7  per  cent  gr^ide :  Value  by  Table  178,  (^541  * 

0x^5  X  5  =  t354.ouo  fur  a  dik-iiiun  ico  mile*  long.     For  a 

division  10;  miln  long  we  have  (par.  •)ifi),%y%\xtx>*.  1.0$=  (371,700 

Itt/av^  ^/  tht  uniform  graditnt  AB  ; 

to  miles  saved  of   nssistant-cnginc  service,  cost  by  par.  777 

|3,Soo.  which,  capititlixc<l  at  j  per  cent.  a> $;6.ooo 

Net  dilTerence  in  nper.iiing  value  due  to  difierence  In  gradients 

only,  in  favor  of  line /M'if ,$3ij.7oo 

Value  of  S  milcsof  distance  in  favor  of  line  ^^'^poesibly  noth- 

^90 
ing.  and  possibly  by  par.  196.    -  -  k  >  =       (19,000 

Total  difference  in  operating  value,  per  daily  train,  in  favor  of 

low-grade  (pusher)  line t344.7oa 
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To  this  Is  to  be  added  an  allowance  fur  any  diflcretice  in  the  probahlv 
tmlfic;  for  (tny  loss  of  linic  of  afislsiani  engines,  nnd  for  any  dIHcrance  in 
the  probable  capiul  expenditure  lor  locomoiivcs,  whrch  witl  naturally 
be  leagit  on  the  line  which  »howx  the  lilghcst  operating  vnlile. 

70B.  [iy  cumpuIiriK  vurinu*  examples  of  thix  kind  ii  will  be  Keen  haw 
vet)-  larKi:  an  rconoiiiy  ulmo.tt  Invaristily  results  Irotn  mint;  pushers,  but 
the  cuiidition  itiat  ihe  puilier*  must  be  kept  Iniiy  and  be  always  (in  hand 
to  have  tbcni  economical  mut>l  be  teiiiembereit.  The  larfcer  the  tndk 
o(  tbo  ro4id  the  more  Ciisily  cuii  thin  be  assured,  and  contwquenlly  liK 
mote  (requenily  can  pushers  be  ii9td,  They  are  aoniciiincH  U4cH  as 
often  as  three  or  four  times  on  a  division,  but  with  a  light  tratTK  thl» 
would  be  inexpedient. 

All  the  preceding,  however,  applies  to  frelgbt  business  only.  The 
ttsc  of  pushers  in  passenger  service  is  far  less  general  (par.  ^%^). 

769>  Whether  for  passenger  or  freight  service,  perhaps  the  most  ad- 
vantageous and  saiisfactory  basis  <if  romparlton  of  all  for  oomparing 
altctrirLic  sysicfiis  of  gradients,  as  it  certainly  Is  ihc  simplcsl,  is  to  deter- 
mine the  number  of  cngiiic-inilcs  which  must  ^jc  run  per  ihrouKh  cai  (or 
h-n)— i.e.,  per  car  or  ton— moved  over  tbc  line  lor  the  entire  distance 
between  lerminE. 

A  "car"  has  become  in  recent  years  such  «  very  indeterminate  thing. 
owInK  to  the  rapid  increase  In  weights  carried,  that  the  Ion  is  the  best 
limit  to  use.  us  in  Table  170^  giving  the  capacity  of  engrincs  on  various 
grades. 

By  this  process  the  effect  of  differences  of  disuncc  ns  well  as  grad- 
ients is  included  In  ilie  s^mc  estimate,  nnd  having  auumed  a  rcatonablc 
price  (sec  Tabic  143)  for  the  cost  of  the  additlon.il  motive* power  and 
train-service  required,  the  estimate  U  very  reitdtly  completed. 

790.  Thus  the  example  already  f[iven  (par.  787  and  Pig,  179}  may  be 
compared  lis  follows : 

Line  AA'B  for  pushers:  105  miles:  10  miles.  1.75  per  cent  ('91.4  ft 
per  mile).  90  miles,  actually  0,7  per  cent,  but  in  cflect  0.75  per  =*"'■ 
Regular  load  for  through  engine  with  11  ions  on  drivers  (T-'ble  170}.  lUi 

tons- 
Line  AB.  uniform  gradient:  105  miles,  1,75  percent  (66.0  ft.  pei 

milpi.     Enfiinc  loud  (Table  170).  592  ions.   . 

We  then  hnvc  this  comparison  : 

Line  AA'B.  881  tons  »  100  miles  =  8S,ioo  ton-miles  liauled  by  loo  + 
to  miles  run  by  engine  (in  one  direction),  or  801  toit-tniles  per  engine 

mile,  or  — -  =  8uo  through  tons  per  engine-mile. 
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Line  AB,  593  tons,  through  load,  no  pusher  service,  or  ~  =  5.92 

through  tons  per  eneine-mile. 

We  have   then  — —  =  35.14  per  cent  excess  of  engine-mileage  on 

Xm^AB  for  the  same  through  traffic,  whatever  it  maybe;  and  estimating 
the  cost  of  this  extra  engine- mileage  at  about  half  tlic  average  cost  of  a 
train-mile,  as  in  par.  720  {which  is  not  quite  correct,  because  the  excess 
of  /m/t-mileage  on  line  AB  is  even  greater  than  the  excess  of  etigine- 
mileage)  the  freight  operating  expenses  over  the  two  lines  will  \a  to 
each  other  about  as  too  to  117,6.  Estimating  then,  however  rudely,  the 
operating  expenses  over  either  line,  we  have  a  tolerably  close  indication 
of  the  diSerence  in  value  between  them,  wliich  will  lead  to  almost  exactly 
the  same  total  as  in  par.  787. 

79t.  With  reference  to  the  passenger  business  on  this  particular  line, 
if  only  a  moderate  through  traffic  is  to  be  handled,  the  difference  in  the 
gradients  will  be,  with  well-arranged  stations,  a  matter  of  little  conse- 
quence. If  only  a  little  heavy  passenger  traffic  is  to  be  handled,  under 
otherwise  favorable  conditions,  the  uniform  gradient  of  1.25  per  cent 
will  have  a  certain  advantage ;  but  if  any  really  heavy  passenger  traffic  is 
to  be  handled,  the  pusher  line  will  have  much  the  same  advantage  for 
it.  and  for  much  the  same  reasons  as  it  has  for  the  freight  traffic.  It  is 
a  much  more  indeterminate  problem,  but  the  financial  importance  o[ 
high  passenger  speeds  at  all  points  and  the  etTect  upon  it  ot  low  gradients 
and  easy  curvature  is  generally  over-estimated  (pars.  757-9), 
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CHAPTER  XVII. 


TUK   BALAKCK  OF  CRADKS  fOK    UNEQUAL  TRAPPIC. 


793.  An  en);iac  which  has  carried  a  full  load  in  one  direction 
must  return  at  nearly  ilic  same  expense,  wheliier  the  train  be- 
hind it  be  fully  loaded  or  not.  There  must,  of  course,  be  the 
Mine  number  of  cars  in  each  direction,  in  the  long-run,  or  very 
nearly  so  (there  being  some  lines  over  which  considerable  num- 
bers of  cars  run  only  in  one  direction,  returning  by  oiher  routes), 
and  of  course  there  is  always  precisely  the  same  amount  of 
moiive-powcr  available.  If,  therefore,  ihe  movement  of  traISc 
is  permanently  heavier  in  one  direction  than  in  the  other,  or 
there  is  good  reason  to  expect  ih^t  it  will  be,  the  gr»de  opposed 
10  the  lighter  returning  traffic  may  be  made  heavier  than  that  in 
the  opposite  direction  by  an  amount  sufficient  to  make  the  re- 
sistance of  trains,  and  hence  the  requisite  motive-power,  the  same 
in  both  directions.  No  advantage  whatever  results  from  reduc- 
ing the  return  grades  below  this,  beyond  the  small  amount 
which  represents  its  value  for  occasional  emergencies  when  the 
usual  balance  of  traffic  is  temporarily  disturbed,  and  the  Still 
smaller  amount  which  represents  the  value  of  reducing  the  rat 
of  any  grade,  as  pointed  out  in  par.  461;  and  hence  great  economy 
may  sometimes  be  effected  in  construction  by  utilizing  to  the 
full  such  increase  in  grade  as  is  IcgiitmBtcly  made  possible  by 
the  difference  in  resistance  due  to  the  lighter  load  in  one  direc- 
tion. 

793.  The  determination  of  the  proper  balance  of  grades, 
under  any  assumed  difference  of  IrafFic,  is  a  simple  matter.  The 
determination  of  the  basis  of  fact  upon  which  the  adjustment 
must  rest  is  not  so  simple,  but  rather  one  of  great  uncertainty, 
except  in  some  cases  of  roads  built  for  carrying  minerals  or 


It 
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t>  t  lier  special  traffic.  For  roads  of  a  large  and  mixed  traffic,  as 
^  ■^■-en  our  through  East  and  West  trunk  lines,  the  problem  is  mucli 
cr  «z:)ni  plica  ted  by  the  fact  that  changes  of  importance,  especially 

*  *~»  the  transportation  of  mineials  or  from  the  construction  of  new 
^  i  Mes.  are  liable  to  occur  at  any  time.  Thus  the  growing  an- 
'^-  tnracite  coal  trade  to  the  West  has  produced  and  is  producing 
*;^^  real  changes  in  the  ratio  of  the  tonnage  East  and  West;  and  not 

*  infrequently  on  different  parts  of  the  same  line  the  burden  of 
"*-  raffic  is  in  opposite  directions — perhaps  from  causes  entirely  be- 
^^-und  foresight  when  the  road  was  first  built.     Nearly  always  the 

■*^atio  of  preponderance  varies  considerably  from  point  to  point. 

794.   On  the  Pennsylvania  Railroad  the  balance  of  traffic  is 

"^lidcly  different  at  difierent  points,  the  westward  preponderating 

greatly  at  the  western  end,  and  the  eastward  at  the  eastern  end, 

•as  shown  in  Table  184,  which  is  well  worthy  of  study.     Table 


Table  184. 

CoKi-AEATivE  Volume  of  the  Traffic  East  and  Traffic  West  at  Various 
Points  on  the  Mais  Line  of  the  Pennsylvania  Railroad,  between 
New  Vork  and  Pittsburo.     1885. 


STAtlON, 


Jersey  City. . 

Trenton 

Philadelphia  . 
Columbia. .  . . 
Karrisburg . . 

Mifflin 

Alloona 

ConEmaugh. . 

Derry   

Pitisburg 


COMPAftATIVH  VOLUMK  OJ 

Mil«4  fram 

Tii*fFic  (Phila.  =  i.oo). 

Ratio  o[  Loaded  Can 

New  Voik. 

Eail  10  Weal. 

Eulward. 

W«(ward. 

I 

0.51 

I->5 

1  10  I .47 

57 

0.74 

1. 13 

I  [0  3.13 

gi 

1 ,00 

1. 00 

I  to  3.26 

171 

1.06 

O.ql 

I  10  3.76 

196 

1. 17 

0-04 

I  to  4.09 

345 

0.9S 

o.8l 

I  10  3.97 

327 

0.77 

1. 10 

I  to  2.25 

364 

0.73 

1.05 

I    to   3.22 

398 

0.56 

0.73 

I    (0   2.49 

444 

0.30) 

1.27 

1  to  0.78 

I 


"  Tbe  prob^iliiy  js  that  mott  of  tbe  loaded  cin  West  are  more  ligbcly  Joaded  than  those 
Eaic,  so  ihit  the  actual  c:(ceB  of  cait-bound  over  wett-bouad  wu  |fr«ater  ibaa  ihii  uble 
indicaiei,  ejcepc  at  PitiaburR.  where  ihe  weai-bound  cars  were  preaumably  tbe  heatiesu  Tkt 
avtragt  ditpro^oytion  avtr  tkt  mkoU  raad,  la  ton'miles,  may  be  deduced  from  Table  ^  to  be 
\  to  3.^9, 

By  referring  to  Table  ^3  it  will  be  seen  that  tbe  varlxEoD  in  tbe  disproportion  ii  ai  lawte» 
ID  different  yean  as  the  above  table  ^ovs  k  to  be  on  differeal  pATla  of  the  umc  llae. 
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98,  pagcK  2^2-3,  Ktiuws  the  revolutionary  way  in  whicti  iliia  dis- 
proportion hiis  varied  during  ilic  \>M\  forty-five  yei»r>,  or  during 
the  entire  liistory  of  the  road.  Neither  the  extent  nor  ilic  nature 
of  these  changes  could  well  have  been  anticipated  when  llieroatl 
was  first  constructed:  but  from  our  present  ^toclc  of  knowledge, 
aciiiat  or  potential,  as  to  the  course  of  such  matters  in  the  pa»t, 
we  muy  inuke  a  reiiHonable  and  safe  approximation  at  lea»i  t" 
1I1C  future  probabilities  in  this  respect,  by  investigating  the  fact^ 
as  to  neighboring  or  rival  lines.  The  proper  manner  of  duin^ 
Uiis  we  will  sliortly  consider.  A  large  body  of  further  statisii<> 
d(  the  same  kind  as  to  other  roads  might  be  presented,  but  noi 
enough  to  serve  any  more  useful  purpose  for  any  particular  line, 
than  ilic  approximate  ligures  given  in  this  chapter,  without  an 
inadmissible  amount  of  them. 

79S.  AssiTMtNc  the  rntio  of  the  tonnn^  in  each  direction  to  t>c 
knoun  or  .issumcd,  the  admissible  diflcrcncc  of  gradients  to  correspond 
may  be  very  quickly  determined  by  ilic  aid  of  the  long  Table  170.  by  dr. 
tcrmining  the  total  load  in  tons  liehinrf  ilic  lender  which  must  be  hiiuli-d 
on  the  rctiiiti  trip,  for  a  given  disproportion  o(  tonnage.  The  total  t'^id 
can  <it  once  be  divided  inio  payinj;  load  (freight)  and  dead  Pood  (can>i,  il 
we  know  or  assume  the  i^vcragc  load  and  weight  per  car.  By  1890.  with 
the  prcvailinj;  tendency  to  incrc-jse  average  load,  it  is  prAbable  that  llii.- 
total  load  hauled  in  the  direction  of  heaviest  traffic  might  fairly  \>r: 
divided  as  follows : 


Toul  WtiRllI 

LiTt  wel^Iit 

Dt»a  wtigin 

per  or  or 

vet  c«l  « 

per  car  or 

mlD. 

rraiti- 

tnla 

General  Traffic,  . 

1.00 

0.60 

0.40 

Mineral  Traffic.  . 

t.OO 

0.73 

0.18 

4 


f  At  present  this  Is  a  little  too  favorable:  not  as  netpects  the  nominal 
loads,  but  as  respects  the  loads  actually  liautcd,  although  some  of  our 
best  roads  approach  it.  F'or  example,  the  average  load  0/  had^  enrs  on 
ihc  PennKylv.4nta  Railroad  is  now  14  tons,  and  of  Riut-bound  only  t;t 
tons.  The  average  weight  nf  the  empty  cars  i«  probably  in  ilie  neighbor- 
hood of  10}  tons.     See  Tabic  154.  p.  4S6. 

Then  if  the  return  tonnage  be  only  half  as  great,  the  total  weight  r^i 

.  ojbo 

return  trains  will  be  only  040-I--— =  70  per  cent  as  heavy  ut  tons;  and 

having  computed  this  weight  hi  tuns  (making  also  an  allowance  whicii 
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uc  tli.iil  cumiiler  in  a  moment)  «re  And  at  once  from  Table  XV  t1>c  Or* 
rcilx'ixlInK  ((rude. 

796.  In  itiis  *i*nplc  numticr  Tabic  i8j  below  was  computed,  ithieli 
liwr^  sut1icii-m  ct;>ia  to  enable  tile  proper  balance  under  ulmobt  any 
f;iren  condltiont  to  be  readily  determined  by  interpolation.  Without 
'he  .lid  of  Table  170.  while  cacIi  Mcp  in  the  praceiM  ift  simple  cnoti{;h. 
'  lierv  are  a  good  many  to  be  taken,  in  each  ol  whii.-h  a  mistake  is  caay, 
wliicli  ia  probably  the  reason  why  in  not  a  few  instances  of  actual  pmc- 
llve  errors  o(  imt'oruncc  have  been  mailc  in  it.* 

797.  1'>ie  compulation  of  the  theoretical  balance  ol  gradients  is  com- 
plicated by  ihe  folluwinf;  practical  considerations,  the  clleci  of  which 
iili'>ulfl  be  included  In  the  computation  : 

I.  The  jotimjl  friction  of  empty  cars  !s  at  least  J  lbs.  per  ton  (=  0.1 
|ier  cent  o(  );rade)  higher  than  with  loaded  cars,  rcquiriiif;  a  modification 
•  >f  the  iheoreikal  iMtnocc  of  ^rade  to  that  extent  in  favur  of  the  lightest 
irjiTtc  In  case  aII  irars  return  empty,  and  proportiooiiLcly  if  a  pan  return 
empty.  This  hoe  been  done  in  computing  Table  185.  aa  indicated  by  the 
two  U>wcr  lines. 

z.  It  iit  not  practically  poraibte  (par.  91)  to  have  all  cars  in  all  Iniiits 
alwaya  loaded  even  in  tlie  direciinn  of  heaviest  traffic.  A  ceri:iin  pro- 
portion  uf  tile  can.  which  lor  thin  particular  purpouc  may  Ix:  estimated 
(librmlly  but  not  unfairly)  at  from  5  to  ei'ea  (in  >peciul  ca.'ws)  10  |icr 
cent,  will  gu  cmp4y  even  in  the  direction  of  the  heaviest  iralfic.  Thoe 
can*  serve  to  iitcrease  by  so  much  the  proportion  ot  the  dead  to  the  live 
l<ud  of  trains,  and  by  <o  much  diminish  the  admissible  difierence  in  gra- 
il ien  Is.  and  so  also  will  ilie  (act  that  even  loaded  can  do  not  by  any 
mean*  average  iticlr  full  nominal  ca|iacity.  Both  of  these  latter  consid- 
erations, however,  .effect  only  (he  estimate  o(  the  proportion  of  the  pay- 
ing to  (he  dejtd  load,  which  is  the  first  thing  to  be  asMmcd  for  determin- 
ing the  balance  of  grades. 

798.  J.  The  disproportion  ot  traffic  varies  not  only  from  year  to  year 
and  from  pomt  10  pixnt.  but  from  day  10  day  and  from  week  to  week,  as 
idresuly  noted.  That  this  must  inevitably  be  so,  raoreor  leu.  Is  apparent ; 
Tnifllc  cannot  beheld  until  It  la  convenient  10  move  it,  but  must  be 

*  E>K»  a  prominent  teat-book  give*  extracts  from  officljil  report*  of  two 
very  prominocl  enRincrrs,  eich  coniBiningt  a  number  o(  mmpiiuili'ns  of  lhi<i 
kind,  every  one  ol  which  U  much  in  rrrur.  snd  in  quit*  diflerent  ways,  m 
liotntfil  out  and  Mirrected  in  dciail  to  ih«  first  edition  of  tlut  treatise.  The 
writer  could  readily  mcniioa  itill  other  insiaacei. 
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auBKible  raw  ■>(  rrturn  ciiJ»«  l)]r  >lin<i(  o.a  pot  oont  in  the  "  auKh-wal  coretr"  ill  tlio 
t4ble,  lU  elT«<i  •tetrnume  ■'^  lapiilly  (ii»n  llial  poitil  in  <ach  dirrclion. 

A  l»WKM  KATID  or  ADHcsio!!  iitioii  t))  *■"  ^>1*^  KCUucK  the  admlulbk  rale  of 
Mluni  cudr,  ttt  cllwl  bcia);  tcry  Inipurunl  in  Uie  "  u>ulh-<aM  lomn"  of  llie  utile,  but 
•Iccrtwiac  <*ill  OKirc  iiv''"y  '"  '^^  ilitrction  lhi>rF(i»ni, 

Tirr  uw  o*  tauk  EWoiHrf  will  ivty  maicnilly  incKCi^E  the  ulinlHibk  rax  o( 
ntiBB  irnulu,  liaving  a  diredly  ooaliuy  en«(  to  a  Iowfi  talln  al  jidlieian.  The  Mnw 
i*li«C  in  loadtcn*  u  ihr  iin^pnitiiin  cf  ueichl "»  iIiirtmirralioiira'DiPtiun  iiincnaMil. 

None  ai  ilicK  changB  being  ptDpn  onni  in  aHume,  h  !•  nol  deenwd  mcmifT  10  give 
exact  fieum. 

Biovcd  at  otK;e:  and  aince  there  niuH  be  more  or  leu  iircKuliir  fluclua- 
tioni  in  the  volume  o(  all  traRic.ii  may  well  Irsppcn.  and  not  unfrcquenDy 
doc*  happen,  (hat  (or  (he  (imc  bcitig  (he  burdcii  o(  tnilflc  shall  be  in  the 
oppoiiie  direction  to  (he  normal  one.  Thus  on  the  leading  East  and 
We»t  lines  of  the  United  Stales,  especially  those  ol  tlie  second  grade,  it 
bnot  uncommon  to  see  engines  running  East  light  to  handle  an  un- 
UMiAl  quantity  of  West-bound  traffic,  although  there  is  normally  a  very 
heavy  cxce».i  nl  c^st*boiind  traRic  on  nearly  all  of  thctii. 

\V1ien  this  occurs  favorable  west -bound  grades  are  a  decided 
ecxmomy.  alUiough  ordinarily  they  may  be  uiilmpurtanL 

Nevcnheless,  the  importance  of  this  cause  should  not  be  exanKcrated. 
Marked  irreKutattties  of  this  kind  arc  exceptional  and  short-lived, 
md  Kould  justify  but  very  small  expense  to  reduce  k'^'^'^s  "J"  H'^"' 
iiiccnunt  l>e!ow  what  the  average  requires,  Irrejjularitles  of  5  or  lo  per 
cent  may  be  i-*pcc(i;d  to  exist  for  n<-aily  half  the  lime,  and  hence  to  jus- 
tify Jtl>out  hull  the  expense  for  reducing  the  grades  coircspondingly  that 
would  be  incurred  to  provide  for  the  avciagc  condition  of  the  whole 
traffic.  There  Is  also  a  certain  small  economy  in  being  able  to  send 
tuck  some  of  the  surplus  engines  and  train  crews  light,  as  passenger 
ennu. 

4.  For  pa!iscngcr  traffic  equally  balanced  grades  arc  always  desirable. 
as  noted  more  fully  in  par.  S07  *l  stq. 

T99<  It  is  noticeable  that  alt  four  of  these  limiting  provisos  (end  to 
diminish  the  admissible  variation  in  opposing  rates  of  grade.  In  the 
ifOirf^tc  (hey  indicate  tl1.1t  a  reduction  ot  the  grades  gainst  the  light- 
est iiaflk  by  someibinit  like  0.2  10  0.3  per  ccni  (10  to  16  ft-  per  mile)  be- 
low what  the  assumed  average  disproportion  in  weight  of  imins  seems  to 
mguire.  is  worth  neatly  half  as  much  as  if  required  by  (he  average  con- 
ditions themselves.  When,  in  addition  ro  these  rciuons  for  approximat' 
mg  more  closely  to  an  even  balance  in  sptlc  of  a  known  disproportion  of 
Iraflic,  the  very  existence  of  the  assumed  disproportion  appears  doubtful. 
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stilt  gmter  caution  shoutt]  be  used  in  assuming  ihat  sn^hing  will  tw 
iiiiobjcciionnble  but  an  cxiict  balance  <i[  rcsi«t»nccs.  which  latter  is  u( 
cnunc  tlic  Mifcsi  assumpliun  to  make  wlicri  the  future  is  (or  any  reason 
very  doubt  iut. 

Nevertheless.  alihouKh  the  estiinatet  of  the  probable  (iilure  diipro* 
portion  should  always,  fur  the  reasons  giveii.be  exceedingly  con^tcrvu* 
tivc,  it  muy  t»ii  iimoy  if  not  on  rooat  lines  be  deiennined  witli  pnciical 
certainty  tliat  a  ccrlain  ininimum  diaptoportiun  at  luut  will  cxiH  (or  the 
decude  or  ■m  ahead,  wliich  a  a<i  long  (pur.  78  tl  sej.)  as  the  cflK'xeer  is 
linanciully  warranted  in  looking  ahead. 

800.  It  is  to  be  remembered  also  that  the  sanie  assumerl  balance  ol 
grades  which  pernitU  the  gnide  in  one  difcciion  to  be  matk  higher  re- 
quires the  grade  in  the  othei  to  be  made  lower,  if  possible,  so  tlMt  the 
assumption  of  a  certain  preponderance  ol  irafHc  in  one  dtr^lion  d'ws 
not  warrant  any  relaxation  of  cflort  to  obtain  low  grades,  biit  cncrely 
gives  it  a  linlc  rtiflfcrctii  direction.  If  there  be  merely  a  prohahilny  tlmt 
the  traffic  in  one  direction  wiii  be  slij-hily  heavier  than  in  the  other, 
with  a  pocMibility  that  it  may  be  either  considerably  heavier  or  c\-enly 
balanced,  and  tlie  same  expenditure  will  substitute  grades  of  0.6 j  one 
wiiy.  and  o  ;;  tlie  oihcT.  in  place  of  0.6  grades  both  ways  it  is  good  at- 
ginei-ring  to  do  thia,  for  we  can  only  strike  an  average  between  the 
maximum  and  minimuni  possibilities  and  act  in  accord.incc  with  the 
mean.  It  a  dernooHtrable  mathematically,  as  well  as  clear  to  the  reason, 
thai  this  course  i*  as  binding  upon  us  as  if  we  had  positive  kno«ledg« 
that  the  mean  of  our  estlnnatcs  (if  they  really  arc  such,  and  not  guesses) 
was  the  exact  truth. 

To|}Ograpliical  considerations  often  make  it  impossible  to  even  at- 
tempt a.  balance  of  grudients.  at  least  m  the  way  of  favoring  the  heaviest 
IratKc.  It  is.  however,  nearly  always  p<~>ss^b]c  to  favor  the  expense  ac< 
count  in  such  cases,  somewhat  at  least,  by  not  showing  unncocssary 
favors  to  the  li^-hier  irsflic. 

901.  FoK  AX  KxcLUSivKLV  MiMSKAL  TRAPrtc  tile  expediency  of  at). 
justing  the  grade*  (or  the  full  theoretical  difference  can  rarely  be  ques- 
tioned, and  it  is  of  coiir»e  for  this  traffic  that  tlic  greatest  difference  is 
required.  At  the  present  Time  the  ratio  of  load  to  weight  of  car  ia  con- 
si  dci  ably  over  3  to  i.troihai  less  than  ^  of  the  weight  of  a  full  Imin 
is  ears  and  over  )  paying  load.  Consequently,  the  return  trains  of 
empty  cars  wcigli  less  than  j  as  much  as  the  full  trains,  and  the  proper 
balance  of  grades  shows  a  wide  contrast  in  them,  as  will  be  seen  in 
Table  tS;. 
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©Oi,  An  important  toci  to  rcmcmhcr  in  consirfcring  an  almost  exclu- 
sively mineral  traffic  is  iliat  ivh^icvi-r  general  frciglii  business  there  may 
be  will  probably  be  ai^.iinM  the  main  trsflii*  alnmsl  cxcliislvi-ly.  nui)  lliat 
the  consumption  of  sup^ilks  per  inhabitant  is  liirRc  in  mining  regions, 
an<)  ftlmost  wltolly  imt>'>rted.  The  trutlic  per  inhabitant  ■)(  mininic  tc- 
Sions,  including  nhipniunts  o{  mjchiiicry.  etc.  as  ultra  the  output  per 
miacT  <»bout  \  lu  ^4  ul  the  total  inhabiiants).  nay  be  readily  estimated 
b)-  a  little  iiivcaiigatlon.  Tlic  lijfures  vary  too  greatly  to  aiiempi  any 
general  analysis. 

003.  Pof  general  freight  business  no  such  difference  as  with  mineral 
tnliir.  ever  cJtisls,  but  something  closely  approaching  to  It  cxiftisat  iimc« 
on  the  leading  Ea»  nnil  Wr^^t  trunk  tincK.  on  wliich  the  normal  average 
it  oiiiy  from  3  to  4  tons  West  to  10  East.  It  ia  probahk  that  there 
Will  alway*  continue  to  he  a  heavy  prc-ixmilr ranee  of  Enst-boiind  traffic 
in  the  United  States  .ilihoiigh  whether  it  will  coiitioiic  lo  lie  n«  heavy 
in  the  fnttire  ai  m  thi:  \af\  m.  a  far  more  dnulitlul  matter.  The  propor- 
tion ■>(  export  traflic  will  bei^tmc  relatively  le»s  as  the  population  of  tbiK 
coniiiteni  tncrcjscK.  and  this  mtliir  li,-is  now  a  great  influence  in  causing 
the  diRpruponion  of  iratfir.  which  at  present  caist*.  II  ilie  E^ist  were  to 
continue  to  be  the  man  11  farm  ring  region  ftar  txetlltitif  this  loss  would 
be  c<Mn|)en»au-d  for.  but  thai  this  will  be  ilic  case  ^ccms  very  doubiful. 

804.  All  enonnous  West-lwund  anthracite  coa)-tratlic.  moreover,  lias 
sprung  up  Riihin  the  last  few  years  which  is  reducing  and  will  still  more 
largely  (educe  the  existing  disproportion.  The  rise  and  growth  of  thin 
traffic  is  a  good  iUueiratiun  of  the  gieat  changes  which  may  come  with 
lime,  but  whkh  are  for  the  mohicnt  not  considered.  It  ia  the  chief  cause 
for  the  very  remarkable  reversal  of  itic  currcni  of  local  traflic  shown  in 
Table  98. 

The  only  definite  fact  seems  to  be  that  the  burden  of  traffic  will  al- 
ways be  heavily  toward  a  maniifaciuring  or  nitniog  region  aiid  away 
from  the  shippers  of  the  heavier  cereal*.  Thun  it  is  ab^iut  three  to  one 
(r'>m  Wcti  to  East,  and  about  two  to  oac  from  the  Nonheni  to  the 
Siiiuhern  States. 

flOS.  The  Utter  fad  shows  that  it  is  not  safe  to  say  broadly  that  the 
burden  of  traffic  is  from  an  agricultural  to  a  manufacturing  region  ;  for 
the  South,  which  is  chiefly  agricultural,  ships  to  the  Noith.  as  yei.  much 
tc«s  in  weight  than  it  receives;  the  reason  being  that  its  expi>rts  are 
largely  cotton,  and  that  the  current  of  its  commctcini  biisinets  follows  a 
ktr»d  i>l  triangular  cour*e— ln:)m  ihc  South  10  New  Vork  or  Etioipc. 
thence  to  the  interior  of  Uie  United  States,  and  tlicncc  to  tlie  South 
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again.    But  the : 


lineral 


Souib 


at 

i 


I  development  of  i 
is  bringing  about  a  clisni^  in  tliis  reipeci. 

eos.  Tlic  poBsibiliiy  of  some  sucii  roundabout  proccM  vA  cxcbange^l 
8fi  tills,  especially  on  a  small  scale.  [»  one  which  must  be  very  frequently^' 
remembered  If  it  rvosonable  estimate  of  probabUitiei  is  to  be  made. 
Tliijs.  when  the  Mexican  system  of  railways  was  projected  it  became  at 
once  imponant  and  difficult  to  determine  tn  wbicli  direction  would  be 
tile  lni^c«l  freiKht  muvemnit.  Tile  central  plateau  is  a  te);ion  ol  K'^'t 
and  largely  uiiilcvclopcd  grazing  and  agricultural  possibilities,  but  on 
the  other  hand  ii  a  crest  and  largely  nndcvelopcd  mining  region,  hav- 
ing no  wortuitile  coal  ia  yet  known.  Deitring  in  mind  the  character  of 
the  rc)rionx  ot  llie  United  State*  to  the  north,  the  writer  eonchtdcd  that 
the  trallic  would  ooi  probubly  be  ver>-  unequal,  hut  that  the  lonna^t 
would  be  the  heaviest  northward.  This  expectation  has  not  vet  '  iXftsl] 
been  fnllilled.  but  the  direct  contrary  is  the  case,  the  preponderancfl 
being  vcr>'  hcavil)-  into  the  City  of  Mi-xico.  and  laq^ly  nn  account  m 
tbc  triangular  process  of  exchange  referred  to.  The  products  cxponcd 
arc  on  the  eoaal  or  seek  the  coaxt.  and  thence  by  very  indirect  channeU 
pay  for  the  shipments  <as  yet  small)  which  go  to  Mexico  in  return  by 
rail.  Whether  or  not  this  tendency  will  mniinue  is  doubtful.  Proba- 
bly it  will  not.  but  the  burden  of  trafllc  will  be  oni  of  Mexico  when  a 
fuller  development  haji  come.  In  any  eiue  it  illnstrates  the  ncccMity  of 
looking  beyond  tlic  luperliciaJ  and  imnii^diatc  pouibilities,  and  rcmcnir 
bcring  that  great  clian^e*  may  come  with  time. 

807.  For   |>a!^«engr:r  itcrvicc  grades  should  in  all  cases  be  equally 
balanced,  because  whether  pasK'nger  can  be  loaded  or  unloaded  makcft-^ 
but  :in  iiKonsidcrnhle  diflercncu  (par.  606)  in  the  weight  of  traint,  even 
if   it  were  not  certain  that  passenger  travel  must  be,  in  the  long-run,, 
K(ial  In  each  direction,  in  spite  of  a  temporary  preponderance  in  0fl4 
direction,  due  to  emigration.    Therefore,  in  proportion  as  tlie  piiMcti 
ger  irartic  is  a  largrr  and  mineral  truflic  a  smaller  clement,  and  in  pn>>] 
portion  as  thr  prcpondcnince  of  freight  tonnag«  i»  doubtful,  the  expedi^ 
encv  of  seeking  uniform  grades  in  each  direction  increases. 

BOfi.  It  folliiw*  also,  that  when  an  unequal  freight  or  mineral  traffic] 
exists,  combim^d  with  a  considerable  pa&^iiger  traffic,  there  is  always  a 
certain  advantage,  and  hence  a  certain  justifiable  expenditure,  in  reduc* 
ing  the  rate  of  grade  in  cither  direction,  although  the  other  be  left  tin- 
changed.  The  passenger  service  is  always  benefited  by  reducing  th« 
higher  rate  of  grade,  whichever  it  may  be  (provided  it  is,  for  passenger 
service,  a  de-Jtuto  limiting  grade,  as  explained  in  pax.  407) ;  and  after 
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thia  ha*  been  (tone  ihcrc  ia  a  certain  advantage  to  the  freight  traffic  oiiy 
in  tedudng  the gmdcs  iigainsi  the  licavicai  tratfic.  The  admiMible  cX- 
penrliturc  for  doing  this  Is  only  that  appertaining  to  ihc  particular 
mir>c  benefited. 

B09.  For  sample,  su[>po«c  ilic  grades  on  any  line  to  be  1.00  and 

1.10  per  cent  ($2.8  and  63  (i.  per  mile),  and  llic  ratio  of  the  welghl  of 

freight  in  caxrh  direction  to  be  about  as  on  the  Pennsylvania  Railroads. 

viz:  as  1.0  to 0.3: 

Percent. 

wdl-adjustcci  grades  for  freight  service  would  t» 

(Table  18s) ..0.6  and  i.J 

Well-Mljuited  grades  for  passenger  service  would  be. 1.0  and  i.o 

We  can  properly  expend,  ilierefoie,  to  reduce  the  grade  which  limit* 
ihe  freiglit  tralfic  (1.0  per  cent)  10  0.6  per  cent,  as  much  as  the  freight 
Iraffic  alone  justifies:  and  to  reduce  the  grade  which  is  heaviest  (or  pas- 
tenger  service  (i.i  per  cent)  to  r.o  per  cent  only  as  much  «s  the  passen- 
ger service  alone  justifies,  which,  in  case  of  a  light  local  passenger  busi- 
ness, will  not  t>«  much  (par.  7JI). 

610>  Even  if  the  business  of  a  road  consists  of  three  distinct  classes 
o(  traffic,  passenger,  freight,  and  mineral,  each  one  of  which  would  re- 
quire a  diAerent  balance  of  ruling  grades,  this  difference  need  introduce 
no  confusion  in  the  estimations  of  the  value  of  reducing  grades,  for  wc 
have  only  to  determine  from  Table  185.  what  class  or  classes  of  trafTic 
any  proposed  reduction  of  grade  will  be  valuable  or  worthless  to.  iind 
the  justiftabic  expenditure  to  rrilucc  it  may  be  determined  for  that 
traffic  only  by  the  methods  of  Chop.  XV..  par.  716  el  uq. 

Sit.  It  may  alio  be  notcil  that  a  mineral  tmllii;  should  in  general  be 
considered  simply  as  a  part  of  the  genera]  (reigbl  truflic.  It  is  only 
under  peculiar  circumstances,  as  when  the  haul  is  short  or  the  mineral 
traffic  is  very  large,  that  they  should  be  separately  considered,  and  never 
when  titeir  separate  conduct  would  involve  a  la r^c  wastage  of  motive- 
power  or  of  empty  car-milcagc.  in  either  direction,  since  the  two  can 
almys  be  combined  together,  light  freight  trains  being  filled  up  with 
coal  cars  or  v4(t  v/rtd,  as  is  now  done  on  the  trunk  lines.  It  has  even 
come  about  that  empty  grain  cars  returning  West  are  Ailed  up  witbcoalso 
U  to  go  loaded  in  both  directions,  and  this  tendency  may  be  expected 
to  increase  or  prcv.iil  whenever  It  will  save  a  considerable  movement  of 
cars  in  opposite  directions,  since  it  effects  a  verj-  large  economy. 

612.  A  heavy  tonnage  goe-"  into  all  citiet.  since  thry  conuime  mu<:h 
and  produce  nothing  except  in  the  form  of  manufactures,  which  for  the 
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most  pari  wei|;h  m\icl)  less  falthougti  iticy  pay  muclt  mori;)  tlun  the  raw 
niatcrUts  whicli  arc  shipped  for  piodticing  tlicin. 

813.  Tlic  cxiict  bjlancc  of  ^lades  for  the  irsfTic  becooica  easy  In  the 
caxc  of  a  line  already  in  operation,  and  this  should  be  ttie  Hrst  step  i 
stuftyingcontempliied  impfovctl^elH8.  since  It  may  save  tlie  nece»iiy 
Improving  the  grades  In  one  direaion.  or  ai  least  some  of  them. 

814.  Tlic  linen  ol  (kw  exlMi'nic  mitwayx  haT«  been  siiMllrc]  rfufing  coaiiini< 
lion  wiih  this  vnA  in  vifw.     Soiiic   >'I  ttir  cHtlirr  lines  cunir  llic  ii«aint  to  ii 
lor  exitmplc.  ire  may  Uke  ibrec  of  the  most  uK^iuuBly  loeaieil  llnct  in  II 
United  Sialct — (i'c  H^tllinoic  d  Ohio,  the   I'enniylvBni*,  >nd  Ihc  Etic.     T 
BaUiniofc  it  Ohio  mounUin  eraclcs  have  tiecti  Uiil  uul  to  *ome  extcial  with  ihii 
end  !n  view,  since  ihey  have  t.1  per  c»ni  grades  ((or  i6  miln)  opposed  to  \Vt 
birun<l  tralHc  nnil  only  i.o  per  ccnl  opposed  (o  East-bound,  but  tbii  diflefcncc 
Inr  lets  (liaii  ihc  ditjiroportion  in  irailBc  would  warrant,  Ihc  Uilancc  (oi  3.0 
ccnl  wiib  a  dispropuniun  similar  10  thai  ol  iho  Pennsflvsnia  rtiad<Table  ib' 
fceinit  about  J.s  per  <«nt.     Thl(.  however,  \*  the  ten  Impoitanl  on  web  a  tin' 
brctuse  iho  heavy  trade*  arc  so  ionit  thai  Ihe  irains  and  nt olive-power  can 
sd^t'lrd  ijiiile  McuiRlcly  10  each  Olhef,  at  ihey  are  in  (act,  00  each  ^paialt' 
Kiaitc.     Utint:  two  pushers  on  the  -i-a  per  ceni  icrade,  and  only  ooe  on  the  l.t 
p,.'r   cent,  moreover,  would   about  equalise   them   for  sucb  a  dispropotiioa. 
Hltlioiiith  li  is  only  ■>n  t-mdea  ol  some  leuKib  thai  iwo  pu«ben  can  be  advaa- 
lageouily  used.    The  gradients  of  ihe  Bnltimore  &  Ohio,  considered  as  a  whole. 
are  admirably  attapied  for  cheap  working.  In  cpiie  of  their  heavy  raieii.  Iium 
the  (acl  iliHt  ihey  axr  all  "bunched"  in  acif.  locality.     At  Piedmonl  iaoiM 
the  largest  ratds  in  the  world,  and  all  trains  »re  ni9>de  up  anew  there. 

8l9i  The  Pcnniylvinia  road  has  1  per  cent  grades  opposed  10  East-bouni 
tralllc.     The  welalii  ol  cars  and  (reimht  westward  being  by  TaUe  184  aboat 
I  100.4  '■>  the  neishborhuod  of  Altnona.  a  correct  balance  of  gradeit  would  be 
by  Table  \%t,  about  ■  6  per  rem.    Actually  it  is  1.6  per  cent,  and  the  irattc 
nurked  with  one  pusher  eastward  and  too  pusher*  westward, 

8I6>  The  Eiie^s  ni  two  or  three  of  ils  lemlinic  summits  a  good  instanoe 
well'bjitanced  grades,  which  is  not  Ihe  least  of  the  miking  merits  of  ibe  liri' 
Even  without  allowing  lor  the  early  date  at  which  it  wo*  buiti.  the  consumma' 
engineering  skill  with  wbidi  ii  was  carried  through  Ihi-  n)>iuntaint  and  the  p 
nteval  loresl,  without  the  aid  of  map^i  and  uilhoui  a  sinRle  tunnel  on  ils  line  la* 
tl  then  wa*:  one  ho*  tince  been  built  at  Jcney  City),  with  very  low  grad«.  and 
on  very  nearly  Ihe  best  line  wliicli  could  now  be  selected,  must  ever  excite  ad- 
miration,    Kcvetlhelcss.  the  Erie  and  its  br«nches  afford  several  cxamptcs 
ill-adjnsted  grades,  but  it  will  be  more  proAtable,  as  well  as  more  fust.  10  coi 
sider  the  inswncet  on  its  main  line  where  they  have  been  carefully  adjutud. 

817.  The  Delaware   Division    aseends  eastward   out   nf  the  Sufqiiekaiiai 
Valley  on  a  60-ft.  (1.1,4  per  cent)  grade  (or  $  mUes,  thence  descends  on 
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^7  ft.  (l.oS)  and  49  ft.  (0.93)  grade  for  about  7  miles  to  Deposit,  and  thence 
f  nliotrs  an  unbroken  descending  grade  of  to  to  15  ft  per  mile  lo  Port 
Jtrvis.  The  curvature  probably  increases  the  equivalent  grade  to  about  0.35 
fKr  cent.  Nov,  in  descending  easmardly  from  the  summit  the  low  rate  at- 
tained is  attained  only  by  following  down  the  hill-side  at  an  elevation  of  40  01 
50  ft.  above  the  bottom  of  the  valley  for  nearly  the  whole  distance,  with  much 
curvature — about  one  mile  more  of  distance  and  al  least  twice  the  cost  for  con- 
struction which  would  have  been  necessary  for  a  line  located  in  the  boitom  of 
(he  valley  on  a  grade  of  1.3  or  1.3  per  cent.  It  would  have  been  most  natural, 
(bcrefore,  under  all  the  circumstances,  lo  have  chosen  the  light  line;  but  lei 
us  consider  the  consequences  to  the  light  trains  returning.  As  the  grades 
ue  now,  a  single  pusher  engine  will  just  suffice  to  pass  a  fully  loaded  west- 
bound train  over  the  hill,  the  balance  being  (Table  185)0.35  and.t.03.  Had 
the  grade  been  any  higher,  the  capacity  of  West-bound  engines  over  the  whole 
division  would  have  been  cut  down  in  proportion.  Il  was  plainly  the  intent  of 
ihe  engineer,  therefore, — for  it  is  but  just  10  give  him  credit  for  the  foresight 
nhich  his  work  indicates, — that  East-bound  trains  should  be  taken  to  the  sum- 
tnit  from  Susquehanna  as  a  separate  matter,  leaving  alt  the  remainder  of  the 
division,  for  trains  in  both  diieclions,  exceedingly  favorable.  As  a  matter  of 
fact,  trains  are  taken  up  from  Susquehanna  iviih  two  pushers, 

S18.  On  the  Eastern  Division,  at  Port  Jcrvis,  a  dilTerent  adjustment  has 
been  used,  ihe  grades  against  East  bound  trains  being  46  ft,  and  against  West- 
bound 60  It.,  which  is  approximately  a  correct  adjustment  for  enabling  trains 
with  pushers  to  run  over  the  hill  with  equal  loads  each  way.  The  remainder 
of  Ihe  division  is  not  a  very  good  specimen  of  location,  ,  Some  improvements 
in  recent  years  have  been  made  in  il,  but  it  is  questionable  if  a  radical  re- 
consiruclion  of  the  entire  division  would  not  prove  immensely  profitable.  On 
the  Buffalo  and  Western  divisions  also,  and  on  many  of  the  branches,  ruling 
grades  were  made  the  same  each  way  at  considerable  expense  without  any 
adequaie  compensating  advantage. 

8t9>  Examples  of  badly  adjusted  grades  on  other  lines  tnighi  be  multiplied 
rilmost  indefinitely,  but  it  would  be  to  little  purpose  to  do  so,  Wben  the 
trades  are  long,  considerable  leeway  in  rate  may  be  taken  by  assuming  that  the 
Ktadc  will  be  separately  operated,  but  with  short  grades  of  4  to  6  or  7  miles  this 
is  not  expedient. 
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CHAPTER   XVIU. 


LIUITINC   CURVATUKK   AND   COMPLNSATION    TIICREFOR. 


620.  Undbr  three  different  conditions  curvature  may  come  in, 
in  advance  of  gradients,  as  a  limiting  agent  lo  fix  the  weiglit  of  ^J 

I.  Wlien  curves  are  introduced  on  n  muximum  grade  without 
reducing  tlie  rate  of  the  latter  by  wtiat  is  C4>llcd  the  compcksa- 
T10N  fOR  CURVATURE,  SO  as  to  kccp  the  aggregate  resistance  con- 
stant on  hoth  curves  and  tangents. 

3.  When  ii  line  is  nearly  or  quite  level,  and  jret  runs  through 
a  region  requiring  much  curvature  which  (ss  is  very  apt  to  hap- 
pen on  such  lines)  cannot  be  "compensated"  because  there  are 
no  grades,  or  no  stiRicicncly  tiigh  grades  lo  reduce,  in  order  id 
eliminate  their  additional  resistance. 

3.  When  on  lines  ol  the  latter  (or  any  other)  class  curvature' 
of  such  short  radius  is  used  as  to  limit  the  length  of  trains  more 
than  would  the  same  amount  of  <:iirvalure  with  longer  radii. 

These  causes  arc  more  or  less  interrelated  with  each  oilier, 
but  we  will  consider  them  separately,  so  far  as  may  be,  in  the 
order  mentioned,  summarizing  our  conclusions  at  the  end  of  this 
chapter  (pnge  631). 

031.  We  have  seen  (par.  335)  lliat  curve  resistance  varies  from  \taa 
than  o.  J  lb.  per  ion  to  perhaps  1.0  or  even  more  lbs.  per  ton  per  def^ee 
of  curve,  according  to  circumstance*' ;  which  ai  :  lbs.  per  ton  for  each 
tenth  of  grade  (par.  3S1)  is  equivaltni  to  from  0.OJ5  100.10  per  cent  ofi 
grade  per  dcgiec.    Assuminf;,  therefore,  a  "straight"  (uncoinpensaicd) 4 
tx5  per  cent  gradr.  Fig.  iSo.  with  altcmaic  equal  lengths  of  langcni  and  | 
10*  curves  suca>ading  each  other,  and  assuming  thai  the  curve  resistance 
is  (see  par.  $34  'uilow)  ai  ihe  rate  of  1  lb.  per  ton.  the  cRect  of  the  curve 
resistance  is  \f  effect  to  double  the  grade  on  the  curves,  so  that  1 
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*;tifves  and  grade  together  make  the  equivalent  grade  a  succession  of  1.0 
a.i»d  0.5  per  cent  grades,  as  represented  by  the  dotted  line  of  Fig.  180. 
Such  conditions  have  precisely  ilie  same  deleterious  effect,  no  more 

'Aiid  no  less,  that  a  long  tangent  grade-line  would  have  iE  brokea  up  in 

Aimilar  fashion. 


V 


'^^' 


Fll..  iSo,  — EPPICT  OF  l7Hfl£DUCItl  CURVATO'VB  TO  flCDUCB  GitADES, 


822.  An  immense  portion  of  the  heavy  grade-mile^e  of  the  world 
has  been  constructed  in  precisely  this  way.  the  grade  being  carried 
through  at  a  uniform  rate  over  curves  and  tangents  alike.  Until  within 
recent  years  nearly  all  American  railways  were  so  constructed,  and  when 
the  curves  were  compensated  at  all,  low  rates  of  compensation  (0.02  and 
0.03  per  cent  per  degree)  were  anrl  still  are  chiefly  used,. for  which  indeed 
much  can  be  said  (par  834  below),  although  in  general  a  less  rate  than 
o.oj  cannot  be  regarded  as  good  practice. 

823.  Tiie  practice  of  reducing  grades  on  curves  appears  to  have  been 
first  introduced  on  ihe  Continent,  American  engineers  soon  followed. 
English  engineers  have  neglected  and  still  do  neglect  it  very  generally. 
In  no  part  of  the  world  is  il  universal,  many  prominent  roads  in  this 
country  having  neslected  ii  wholly ;  as.  for  instance,  the  Erie,  Boston  & 
Albany,  Kaltimore  &  Ohio  (for  the  most  part)  Pennsylvania  (for  the 
most  part},  and  in  recent  years  such  lines  as  the  Cincinnati  Southern, 
Chesapeake  &  Ohio,  most  of  the  Denver  4  Rio  Grande,  and  a  host  of 
other  lines. 

824.  The  .ii^ment  by  which  a  neglect  to  reduce  grades  on  curves 
has  heen  justified,  when  any  attempt  at  all  has  been  made  to  justify  it,  is 
that  the  resistance  is  averagkd  BV  MOMENTUM  so  that  the  broken 
grade-line  of  Fig.  180  is  reduced  by  the  equalizing  effect  of  slight  fluctu- 
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atinni  of  velocity  to  the  contimioii*  0.7S  grade-line  shown  below-  it. 
gcncml  principle  upon  which  thin  ar|;utnent  h,  \y.iscA  i«  a  Miurtd  nnc,  < 
the  extent  that  under  favonthk  conditions  precisely  tliiii  rRm   nwf 
result,  either  on  actual  irreKuUritiet  of  grade,  or  nn  ec|iiivalcnt  ones 
ciiuxed  by  unreduced  curvature.     It  is  not  true  at  uJl  that  any  injurious 
eflect  upon  tlie  train,  or  any  incre^uie  vA  virtual  gradient,  necessarily  re- 
suits  (ruin  the  gradlcat  like  the  broken  line  in  Fig-  '^  ■<>  pla<ccof  the 
stniifiht  a75  f^udes.  uadtneriain  ,intl prafimcndiliom.     Why  and  hai 
this  ts  so,  iind  under  what  comliiions.  has  been  so  lully  il>»cerncd 
Chap,  IX.  'par,  397  tl  sff.)  thai  it  need  not  be  repeated,  (iirilict  than 
say  that  a  curve  may  be  considered  as  adding  simply  so  much  to  tk 
grade,  and  the  two  cases  be  treated  alike. 

629i  But  conditions  justifying  the  assumption  that  unreduced  cun-l 
iMfc  can  thus  be  made  harmless  by  ibc  eflca  of  momentum  cannot  exi| 
on  any  actual  niaximom  grade,  unless  by  some  rare  accident,  anil  cc 
quently  it  is  a  rutc  which  should  be  regarded  as  of  unit-crsat  appticatic 
and  rigidly  adhered  to,  that   unreduced  curvature  should   under  no 
circumstances  be  permitted  on  the  maximum  grade,  and  that  the  rcduc* 
tion  sliould  in  K<:ncnil  be  ample,  especially  near  stations  and  where  there 
b  an  excessive  ceiiisiaiicc.     The  reasons  for  thlii  are  ihtce,  as  follows : 

I.  The  diitribution  of  curvature  even  on  a  grade-line  only  a  ivyr  miles 
Iont{  naturally  tends  lo  become  unequal.     Instead  of  bein^  equally  dis- 
tributed, as  assumed  for  merely  illustiative  puiposes  in  Fig.  tSo.  it  is  (ar 
more  likely  to  be  concentrated  in  masses  of  perhaps  several  hundred 
degrees  of  almost  continuous  curvature,  with  long  inirrmediate  sireteh< 
of  much  belter  alignment.  Kivinj;.  if  such  cur%-Hturc  in  ooi  rcduccfl.  i 
equivalent  profile  more  like  Fig,  it!;,  from  which  it  is  f.-ir  more  (ltliicutt~ 
to  obt.iin  a  xtraiglit  "  virtual  "  profile  (par.  398)  b)-  fluctuations  of  velocity 
than  with  a  mure  even  distribution  of  curvature:  and  uhcn  such  excess 
of  curvature  comes  well  up  toward  the  lop  of  a  long  jirade  it  bcoom^^_ 
under  most  circumstances  practically  Impossible  to  do  so.  ^H 

026.  I.  Even  if  the  eur^-aiurc  be  tolerably  evenly  diitributcd.  the 
spcr<i  on  maximum  ft'^'lcs  is.  with  the  full  train  which  rockI  operating 
management  prcsupjioses.  necessarily  slow.  With  extra  hcnvy  car-loads 
or  in  unfavorable  weailiet— wci.  (rosiy.  misty,  very  cold,  or  windy— it  b 
necesaarily  very  slow.  At  what  point  on  the  line  the  most  un(avi>rablc 
conditions  will  be  encountered  <for  there  are  always  slight  variations, 
from  wind  or  dlRcicnccs  of  track  if  nothing  more)  cannot  be  exactly 
aniicipaicd,  but  on  the  top  of  long  gradea,  especially,  it  can  be  antici- 
pated with  confidence  that  a  very  slow  Speed,  not  exceeding  10  or  I3_ 
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miles  per  hour,  will  be  rether  the  rule  tlian  the  exoeptioii.  At  such 
speed*,  and  especially  at  still  lower  speeds,  there  is  every  ressoo  to  be- 
Iie%-c  that  th<;  curve  resistance  is  greater  (pars.  308,  335),  wliilc  iJierc  Is 
ou  aviiiliil>tc  momentum  10  overcome  it.  A  train  moving  at  it>  miles 
per  hour  frable  1 18)  hax  only  3.55  h.  ol  ■■  velocity-licad,  "  At  a  compen- 
Htion  ot  Olo;  per  dcftcee  (t  lU  per  ton)  ;o°  o(  curvature  will  destroy  this 
bcud  eumplctely,  since  at  tliut  rate  of  compeniution  eacli  :o'  uf  centrul 
■nicle  (lesKuys  one  foot  of  vuitical  lieud.  la  oilier  wordii,  u  tram  mov- 
ing at  10  miles  per  hour,  which  could  just  continue  thut  speed  on  a 
tuiment,  would  be  stalled  at  once  by  licven  stations  o(  10"  cur**c.  or.  i(  by 
good  luck  not  stalled,  lt«  speed  wotitd  be  redviccd  so  low  that  additional 
jourtuti- (fiction  (par.  640  and  Appendix  B)  aa  well  as  (probably)  addi- 
tional c II r\'c- friction  would  come  in  and  ensure  stalling  on  any  closely 
following  curvc- 

037.  }.  Stopping  of  trBlni  on  gndcA  from  accident  or  otherwise  is  not 
utilrequenlly  nccesfary,  iuid  then  it  it  cniirciy  clear  that  a  stoppage  on  a 
k>ng  unreduced  cur^'c  i«  a  disastrous  diKiidvaniagc.  especially  if  it  be  on 
a  long  succession  of  curves  suns  to  forbid  the  expedient  ol  baclcingduwn 
oil  the  curve  to  get  a  fair  start.  Ic  is  then  strictly  true  that  It  is  the 
fcrade  at  that  one  particular  point  which  is  the  limiting  gradient,  and 
thai  we  cannot  strike  an  avemgc  with  lower  tangent  grades  before  and 
tiehind.  and  assume  it  1«  the  5amc  thing  as  if  w«  actttally  had  a  uniform 
.iverage  re»iistanre  at  all  points. 

836.  The  rule  that  a  gr:idc>linc  xhoiild  be  unbroken  by  unreduced 
oirvature  in  still  sound,  in  spite  of  the  f.ict  that  there  are  certain  circum- 
stances under  which  slight  and  short  sacs  below  the  grade-LINP.  may 
be  introduced  to  »ave  expense  ol  constrijctiun,  especially  where  economy 
hi  first  cost  is  a  ^cat  object,  us  it  is  so  much  more  often  than  is  realized 
during  the  period  uf  construction.  A  suig  below  a  grade-line  and  a  rise 
above  It— which  is  what  an  uncompensated  curve  in  effect  introduces— 
arc  two  entirely  diflerent  matters. 

Thus,  if  we  have  a  1.15  P*'  cent 
maximum  grade,  up  which  a  train 
uui  just  make  Its  way  at  a  uniform 
speed  of  lo  miles  per  \\aat.  a  rise  of 
J.J5  feet  above  the  Rrade-line  will,  as 
we  have  just  seen,  stall  the  train.  On 
the  other  hand,  a  sag  in  a  grade-line  7,0.  ,t,. 

of  an  equal  amount,  as  at   C*  in  the 
grade-line  AB.  Fig.  iSt.  not  only  does  not  endanger  a  stall,  but  actually 
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increases  (he  velocity  of  passing  from  A  to  B.     For  by  assumption  wA* 
iuvc  Jit 

A,  velocity  o(  icn  miles  per  hour  =  (Table  118)  vcl.  head  oJ  3- Si  '*■ 

B.  '■  "  ..=,..  -  JSS"- 
C  vel.  Iicad  o(  3.55  +  3SS  =  7-'«  f-  =  CTablc  itS)  a  relodty  of  14- '4 

miles  per  hour. 
629.  I'bcn  by  the  laws  of  occekrated  und  Fciarded  motion  (see  par. 
3?  I  or  iiciy  lext-buolc  on  physics)  the  average  speed  betweun  A  and  C 


and  C  an<l  B  as  well,  and  hence  between  A  and  B  = 


lo.oox  u.  14 


=  13.07 


Fia.  iIl 


tiilica  per  hour— a  gain  in  nverugc  speed  of  a.07  miles  per  hour,  or  about 
3  li.  per  second  in  paMing  over  the  tag  khawn  in  Kig.  181.  tlw  compara- 
tive times  being  about  3  m.  o  sec.  and  1  m.  40  sec 

Thii  gain  ol  time  is  lor  the  same  rejuioo  that  a  body  descendittg  from 
A  to  B,  Fig.  182.  over  Uie  dillerent  paths  a.  t.  c.  if,  atthotigli  acted  on  by 

the  Ktme  force  (gravity  acting  through 
CB),  take*  a  very  difleceiit  time  (or  d^ 
iccnding  lo  B.  ifie  cycloid  li  bcmft  the 
"curve  of  quickest  descent."    The  f^H 
suiting  \'elociiy  at  B  is  in  aJl  cases  th^H 
same  harring  lost  by  friction,  but  the 
time  consumed  In  reaching  J?iswidel]^H 
diHerent.  1^ 

830.  Theretopf,  while  compensation  (or  curvature  should  never  be 
omitted,  it  may  still  be  admissible,  in  certain  cxreptional  cases  <:a  to 

temporarily  save  lar^e 
fills  or  oihcm'isc  reduce 
works),  to  inirodtice  a 
sag  below  a  grade-line, 
which  is  n«\-cr  the  cas« 
with  a  rise  above  a  grade- 
line.  Thui  the  rtonetf 
profile.  MM.  Fig.  183.  can 
certainly  be  operated  un- 
der any  and  all  circum- 
stances (if  the  sag  be  not 
too  great,  par.  43S  and 
Table  131)  as  a  virtual  grade  of  the  same  rate  iis  the  average  aciua^ 
grade :  but  with  the  grade-line  aaaa  this  is  not  poraiblc.  unless  the  initialV 
speed  be  very  high  or  the  points  <m  rise  but  little  above  the  avenupe 
grade-line. 
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831>  Tbc  p«inciple  It  the  lamc  »  the  i>n«  to  lamlliu  lo  hydraulic  englneera 
iKiirn  u  tbc  "hrilraulK-  Rriule-linr,"  If  nairr  it  to  be  cuiivrycil  Irom  a  li>sb 
TCKTvoii  Id  a  lower  point  of  delivery,  ii  is  ■□  axiom  in  hjilriulks  ihai  any  |il>- 
cnlo  niliatcT«r  caa  be  taken  witb  ibe  graite  of  the  pipe*  wiiboot  nRcctlns  Ibe 
dbchaiite  111  tbc  leaM,  nMte  than  [he  uno  ineicane  o<  leRgih  and  cufTaiute 
would  do  in  a  pipe  latd  lo  ■  unifonn  Riadr.  provided  tbc  pipe  al  no  point  rtiea 
above  a  ttruBhl  tine  <onnecling  ibe  points  ol  supply  and  dellrety.  wbkh  \a 
novia  M  th«  "hydraulk  sr^c-Uac."  as  do  Ibe  line  tiii,  FIc.  tSy  II,  borr- 
wi,  the  pipe  liMB  abui-e  lliii  line,  by  bowevct  Utile.  »t  at  the  bichent  a.  fig. 
[183.  the  dltfbarge  will  immediately  be  reduced  10  conetpond  miih  the  n«w 
lydiiollc  frade-tlne  paxung  ihroagh  the  point  ol  supply  and  tangent  to  the  now 
hifbetl  point  on  Ibe  pipe. 

lo  Ibcory  a  ii>mile  giade  of  jo  tL  ptt  mile  might  be  broken  np  into  (l)  S 
mllet  of  level  and  (i)  5  miles  of  too  tt.  per  mile,  without  locrraiing  the  Jt-fiul» 
ralloE  grade  above  50  ft.  per  mile ;  bot  we  cannot  rererse  the  order*  n(  ibeM 
sndienli,  mailing  the  Hrit  UtI  and  Iho  laK  first,  without  a  thcorctkal  as  wellu 
practieAl  increase  of  the  gradient  to  too  ft.  per  mile.  Even  in  tbc  former  case, 
vclocit)'  at  ibe  end  of  the  lirM  five  mile*  of  level  would  have  to  be  B7(  mite* 
hotu,  UMBiinf  an  Initio  velocity  of  1  j  mite*  per  bour.  This  ti  hardly  a 
ib(e  apccd  for  freight  tiaint;  and  it  therefore  thotiM  no4  be  understood 
ibat  any  con«ldcrablc  ug*  below  a  gradc'lioe  are  admistlblc.  The  only  >Mcr> 
tioD  made  is  ihat.  ASii'MiNC  tucli  »pe«il  lo  be  practicable,  even  3$i>-ti.  sac* 
below  B  gTadeline  woiitd  do  no  harni.  whereas  toy  rise  wbueecr  above  it 
wMkI  de»uoy  it,  iheorcikally  as  well  a*  pnciicatly. 


I 


Ftc.  it(. 

833>  A  mnarkabtc  instance  of  the  ndvAnl^ge  thus  10  be  ifained  at 
tiinc»  occurred  in  ihc  wrJtcr't  praaicc.  and  i>  shown  in  Fig.  184.     Near 
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l}i«  mMdIc  o\  a  long  grade-line  which  it  wan  st'ry  ricsirabtv  to  kccpi 
to  tlic  lowest  limits,  occurred  n  sx()<lte  between  two  hill&,  wbm;  &U( 
Ing  ground  was  wholly  lott.  ConM-quently,  ullhouifh  tb«re  wa5  no  i 
icriiil  (iirterenc*!  in  the  ptolile  at  any  other  point,  both  beinu  tidc-hill.  i 
Ihiit  point  any  lift  of  tl)«  ([rade-line  meani  so  much  addition  to  the  611. 
To  bfinit  the  griide-Hoe  do\¥n  lo  within  a  (ew  («t  o(  tlic  Mirtacc  meant 
«n  tnr^rcaseof  the  pusher  grade  (rom  1.1510  i.sj,  equivakrt  to  an  incnr^M 
o(  ruling  ffradc  on  a  long  d'vis  on  Iroin  a^  to  0.5.  To  obtain  the  loner 
grade  required  a  very  lun^;  fill,  containing  some  I9aooocub»c  yards  whcti 
fully  inadu  featlniatcd  loctrst  :ocis.  pci'  vitrd):  but  by  inuaducing  a  Mg  \\\ 
the  grade-tine  u(  some  35  feci  |«huwn  *>>  dotted  lines  on  Fig.  i&(j,  Mr 
suined  as  about  tlic  extreme  depth  of  sag  which  It  wou.d  be  proper  lo  si- 
tcmpt  to  operate  ns  a  continuous  vimul  profile,  even  temporarily.*  the 
fill  coutd  be  reduced  to  some  30,000  cubic  yatdB.  leaving  the  track  to  lie 
gradually  mincfl  up  to  the  rtrnight  pmde-linc  when  and  if  neccMlty 
should  appc.ir  .ind  convrnicnr*:  ser^c.  To  m.ikc  Ihc  fill  in  the  heginiTng 
was  not  ju.'itiiiri]  by  ilir  rinancial  «tatu$  of  the  company,  nor  by  the  time 
at  its  disposal,  nor  could  material  be  obtained  ai  rcaaooable  cost  exc 
by  trjiiii. 

633.  There  were  then  three  possibilities,  beddes  that  of  making 
fill  complete: 

I.  That  the  grade  would  continue  to  be  operated  indeAnitely  a»  a  vir- 
Wal  sttaiglit  grade  by  the  aid  of  momentum,  tolerating  the  nccc 
velocity  of  y>\  milw  per  hour  in  the  liottnm  of  the  sag. 

3.  That  the  fill  wonlil  be  raided  somcwhai  from  time  to  time,  so  nsl 
reduce  Ihc  necessary  duciuation  of  velocity  lo  less  objectionable  hmits. 

3.  Tiiat  ihe  traflic  of  the  line  would  pinve  so  thin  (il  was  wry  doubu 
lul)  that  the  train.*  would  for  the  mo«  pan  be  light  and  the  necessity  (or 
either  expedient  not  be  great. 

In  ibis  way  it  was  possible  to  have  one'it  cake  and  cat  it  loo;  loecort- 
omi/e  a:i  much  as  was  otherwmc  possible  ugainst  the  contingency  o.' 
future  povcity.  and  to  lose  nothing  (but  rather  gain  the  interesi  on  the 
cost  of  the  fill)  in  case  the  future  should  prove  pro»perous ;  fot  at  the 
worst  the  i.i  J  line  could  certainly  be  operated  as  a  virtual  1.3;. 

So  pronounced  an  instance  of  the  legiiimaie  u.te  u(  Kigs  in  gradc-lin 
will  rarely  occur,  but  the  same  principle  may  be  availed  o(  oJtenom 

*  Velocily-head  du«  M>  speed  of  : 5  mile*  per  hour  {Table  iiS) 7,99  \u 

Add  for  depth  of  Mff  below  victual  piorilo ,.. ..  jj.oo  " 

Velocity-head  in  bolloiD  oj  tag  (givinf  speed  u(  jo^  milc»  per  lioiuV  33.99  b. 
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'  fOillcr  Kale,  if 


itodu 


littk 


Inns 


extra  om  pen  sal  ion 
rcUitning  to  the  original  grade-line  by  n  sliijliily 
dcrpcr  grade  beyond. 
SM<  It  will  naturally  follow  ffnin  wliai  has  preceded  that  J  he  Pitoritit 

UTK  or   COMPKNyATtOK    IS   KOT  A   riXKD.  QIJANTtTV,  Inil    m^iy  tiodcr 

tafying  clicuniistnticcs  vatj-  wiiiiiu  somcwhM  wide  limit*.  The  mute 
Bttul  rate*  arc  from  0.03  to  0.05  per  cvi"  per  ileK'^<=  "'  ciirvalure.  con  i- 
ipoading  to  0.(1  to  t.o  \b*.  per  ton  per  clq^rcc.  1(  tlie  [wcisi;  aniouot  of 
carve  retisiancc  were  known,  and  if  it  were  always  the  sjtiie.  of  course 
but  one  rate  of  coiti  pen  nation  would  lie  proper,  but  Hi  rtH  precise  Mte  is 
MM  known,  and  as  ilieie  i»  »iranK  reason  to  believe  (Appendix  A)  tliut 
in  «tvlins  a  train  it  may  ponitily  amount  lo  tn  much  as  t.o  lbs.  per  luii. 
a  eompensatioi)  sullicieiit  toequulixc  curve  resistance  in  ordinary  rlrcuiii- 
siaaces  caniiol  be  assumed  to  tx.-  certainly  sufliciciit  at  points  where 
speed  may  be  expcaed  to  he  very  slow,  as  toward  the  lop  of  lonf»  grsdcs 

I  and  occasiomlly  at  other  points. 
B39.  Under  these  ciroimsunccs,  prudence  would  indicate  thai  wher- 
ever there  M  NO  PHYSICAL  I.IMt  I'  to  the  powbie  reduction  of  gnide  on 
curves,  it  tiwuld  be  made  ample,  ko  tlut  the  curves  »l)oul<l  crrtainiyolicr 
^10  greater  rc«i«bince  than  the  adjacent  tangentx.  At  xtalionx  ihii  rule 
vrould  require  a  jpjde  re<lucU<)[i  o(  o.  I  jwr  cent  per  degree. 
I  On  the  other  hand,  when  we  are  merely  trying  to  equalize  the  tangent 

and  curve  resistance  on  a  long  ascent ;  and  whatever  i*  uken  nH  the 
cur\'es  must  be  added  on  to  the  tangents  and  eve  i>ersa.  00  such  practice 
.  ii  proper.  A  chain  is  only  equal  10  ilic  strength  o(  its  n-eukcni  link,  and 
i  it  a\'Nil*  litlk  10  know  which  is  the  weakest  link  if  we  annol  sirengthen 
^^JL  U  we  come  «s  near  to  an  exact  equality  as  we  can,  in  eompen.tating 
^Vbr  curvature,  it  is  of  no  importance  whether  our  compensation  is  a  little 
too  great  or  a  little  ti>o  small.  In  the  one  case  trains  will  stall  on  the 
UuigeniA  and  in  the  other  on  the  cur\'es— that  Is  all.  Our  object  is  simply 
■o  guard  against  a  cbki  aintv  of  stalling  on  cither.  Nothing  more  th;in 
UiH  b  important. 

930<  Hence  it  may  welt  be  that  on  a  long  and  crooked  ascent,  wheie 
liw  curvature  greatly  exceeds  the  tangents,  yet  where  there  arc  one  or 
two  considerable  tangents,  prudence  will  require  the  assumption  of  a  very 
low  rate  of  compensation ;  for  otherwise  a  very  slight  loss  of  elevation 
on  each  curve,  multiplied  hv  many  curves,  will  prevent  our  attaining  th« 
iloircH  nummit  at  all  without  a  cnnxidcmlilir  increase  of  the  normjil  tan- 
gent  gmde.  If  we  have  gucMKcd  aright  -jt  to  the  real  curre  resistance, 
tills  majr  do  no  harm :  but  on  the  other  band,  if  we  have  guessed  wrongly; 
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and  exaggcrnted  t!ie  proluble  curve  rc^isiance.  wc  sh.itl  have  unii' 
sarity  incrvjscd  our  tangent  gTiidc.  Hence,  by  :it.-.umin[;  i»  low  r»le 
curve  resistance  in  sucli  a  case,  we  can  hardly  in  any  case  lo««  anyihine 
appreciable,  and  may  save  a  needless  loss  of  (trade.  A  compcnsaiinn 
raw  of  aoj  per  degree  of  curvature  may  llicn  be  proper,  below  whkh  ilie 
race  of  com  pen  sal  ion  should  never  fall. 

037.  For  the  same  reasons,  it  may  well  happen  that  at  diflerent  points 
on  the  jwmc  line  diflcreot  rales  of  compensation  may  be  proper.  Where 
the  itm  of  elevation  by  a  high  rate  of  compensation  is  a  very  serious  mat- 
ter, because  of  a  great  amount  of  cur\'aiore.  li  may  be  taken  at  a  mini* 
mum.  At  other  points,  where  there  is  leu  curvature  to  be  compensated 
and  a  higher  compensation  can  be  had  at  little  or  nocost.  it  should  there 
be  used  The  cRcct  will  be  to  make  most  of  the  maximum  grade  scat- 
ccrci)  over  the  division  a  Dtilc  easier  to  handle  trains  on  than  the  longest 
or  wor«  grade,  Tiii?  may  well  result  in  handling  a  car  or  two  more  than 
would  be  decmn)  possible  trcrc  the  resistance  .is  grcai  at  two  or  th 
points  aa  it  i»  at  one. 

It  has  been  elsewhere  said  (sec  Tablet  14)  ihai  it  is  always  worth  wh 
to  keep  a  little  below  the  moaimum  where  possible,  at  moderate  cost. 
This  is  only  another  application  of  the  same  principle,  but.  owinf(  to  the 
tinccctainiy  which  hangs  about  the  quest  ion  of  curve  resistance,  it  is  s 
wiier  way  of  ait-iining  the  same  end  than  to  reduce  the  nominal  ungcat 
grade,  vitpecially  in  the  vicinity  of  stations. 

B3S,  To  illustrate  the  importance  of  sometimcsvnr^-ing  the  rate 
compensation  to  suit  circumstances,  assume  a  i-j  percent  average  g: 
Fig.  i8s.  nearly  ten  miles  long  (500  si-itions — talcing  a  "  mile"  at  jooo 
for  convenic;ncc  n(  computation),  subdivided  as  follows  in  respect 
amount  of  curvature : 


1 


igeoi 

4 

ooM 
rt  to 


Top. 


Sfiddie, 


Lirwtr. 


I  JO  stations  with  about  $0°  per  mile  "=  continuous  1*  cgive 

(with  )  uf  the  line  larigent). 
100  stations  with  about  300*  per  mile  =  '•  6' 

100        ■•  "        -       400°    •'      •■     =  '■  «' 

(with  \  of  the  line  tangent), 
150  station*  with  about  S)*  per  mile  =  "  i\* 

(with  }ol  the  line  tangent) 


Assume  also  a  sioppmg-place  near  B;  at  the  foot  of  the  grade,  so  tl: 
no  assistance  from  velocity  can  be  counted  on : 

Thb  Is  in  no  respect  an  unreasonably  or  impiobably  irregular  distri'- 
buiion  of  curvature  on  such  a  line,  nor  an  unusually  lai^  amount  o{ 
curvature  lor  a  cheap  line  in  rough  country.  In  all  there  will  be  ijo'^j 
6oo'+8oo'  +  2ls''=l77S*  0*  curvature  on  the  ascent. 
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At  various  rates  ol  compensation  for  cun'aturc  the  grades  required 
on  tangents  for  various  rates  of  compentation  would  be  as  follows,  as 

!Uie  student  wit!  do  well  to  determine  for  himself  by  a  brief  compu* 
Utlon:* 
A10.03X  per  degree.  r.so  +  .ro6s-  1.6065  percent. 
"0.05     "       ■•       1.50+1775  = '■&77S   -     " 
*■  0-10 -So+aSi    =«-8S5     *■      " 

839.  If  the  topography  were  such  that  we  had  just  500  stations  in 
•hich  to  rise  750  (cci.  Ibis  would  mean,  if  we  adopted  a  compenhition 
of  aio  per  degree  instead  of  ooj,  ih.it  oiir  tangent  grade  <whtch  n-outd 
ttien  certainly  be  the  governing  one.  bemuse  we  have  adopted  a  compcn> 
«aiion  which  will  CERTAINLV  brinK  the  resistance  on  curves  below  that 
on  tangents)  will  be  greater  by  oij  per  cent,  or  5  lbs.  per  ton.  than  w.th 
the  lower  rate  of  compensation,  lii  other  words,  in  order  to  secure  the 
wiiolly.  or  almost  wholly.  worthtesiS  end  that  trains,  when  and  if  they 
Stall,  shall  stall  always  on  tangents  and  never  on  curves,  we  have  greaily 
incfcued  the  chances  of  their  stalling  on  tangents,  on  the  top  or  boiiom 
sections  of  the  grades  at  least.  wheiY  the  tangents  are  the   longest  :— 

.  plain  act  of  lolly. 

840.  But  this  Is  but  one  side  of  the  question.    The  total  rite  in  feel] 
and  the  elevation  of  intermediate  points  would,  under  the  various  as-' 

*  Knowing  >pprax.imaicly  the  total  degree*  o(  central  angle  on  any  srailc, 
we  have  only  lo  multiply  the  total  by  the  auumed  rate  of  coinpcn»aili>n  to  And 
how  much  total  elevation  irill  be  lo»l  by  the  com  pen -mi  ion.  The  elevaiimi, 
dlridcd  by  the  length  ol  the  grade,  wilt  civc  i)it  rate  by  which  the  lanseot 
naximam  must  be  tacreaaed  to  initoducc  the  compcnsalloo. 
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Burned  rates  of  com pensn Lion,  have  to  be  as  shown  in  Table  186;  and  it 
w-r  be  seen  that  the  middle  point  c  of  the  entire  grade  comes  at  about 
the  same  elevation  with  either  rate  of  compensation,  but  that  there  is  a 
material  diilerence  in  the  height  of  the  grade-line  at  the  beginning  and 
end  of  the  middle  sections  C  and  D,  or  at  the  "  quarter  points"  of  the 
grade.  While  the  through  uncompensated  grade-line  falls  as  shown  by 
the  dotted  line,  the  effect  of  introducing  the  curve  comfwnsation.  by 
whatever  rate,  is  to  give  a  profile  like  the  solid  line,  the  point  C  being 
Ircm  1 1}  to  38  feet  higher  than  before,  and  the  point  D  from  9  to  31  feet 
lower,  according  to  the  rate  of  compensation. 


Table  180. 
Illustrating  the  Effect  of  DiFfEHENr  Rates  of  Curve  Compensation 

TO    MODIPY    THE    ELEVATION    OF    INTEBMEUIATE    POINTS  ON    LONG   GKADE- 

LlNES. 

[Based  on  the  data  of  par.  S38  and  Fig.  1B5-] 


Slrar^ht. 

No  compen&a- 

tiun. 


i.6o6j 
Tangcnl  Grade. 
.03  rumpcnsalioD. 


Rise. 

150 


Elcva-  ' 
[ion.    I 

O.         I 

"S.      j 

S'5.      I 
750.      I 


Rise. 

131. II 


Bkfa- 

tlDQ. 

coo 

336.48 

5'S  J8 
7SO. 


Tan  Rent   Grade, 
.05  ccj»ii>CLisatiun. 

1 

Tanpcnl  Grade. 
.  la  com  penpal  ion. 

.     Rise. 

Eleva- 
tion. 

D.OO 

Rise, 

Eleva- 
li'tn. 
0  c«> 

,    '44.'* 

J.I-IJ 

163.15 

'*3."i 

'3T.75 

381.87 

■15,50 

J88,,5 

"7-JS 

509.61 

105,50 

494- "4 

,    HO.  38 

750. 

'55-75 

Jio, 

Di^ttencr  in  Resulting  Elrvations  at  Various  Points  on  the  Grade, /rmn  iMf 
Straight  Tangent  Grade. 


Biioax  of  grade). 


D 


Constant 

11.48  fl.  kigAer 

4  '3"        "        

f.jj  "    inaer ...... 

Constant........ 


1 

iHj   13  fl.  higher 

1 

.38.15  (1.  hiektr. 

6,87"         "       

1J7S" 

15. 38  '■    lo^er 

30,76  "    lovirr. 

1 

1                ■ 

Topographical  conditions  will  sometimes  permit,  but  will  more 
usually  forbid  assuming  that  we  have  such  leeway  in  the  neces.sary  posi- 
tion of  the  grade,  thus  depriving  us  in  a  measure  of  the  privilege  of  free 
choice. 

841.  Now  suppose,  on  such  a  grade,  that  the  middle  ■xio  stations  or 
about  4  miles,  on  which  most  of  Che  curv-ature  is  bunched,  was  so  situ* 
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I  OS  10  make  li  essential  i«  rise  only  some  ijo  (c«.  unless  consider- 
extra  expense  ncre  to  be  incurred,  while  8t  ihc  same  iintc  ilie 
sharacter  o(  tlic  line  clMwhfrr  was  not  such  aa  to  adroit  of  a  lower 
'•iiBKimum  tangent  K'atk.     ('nder  these  circiini«innccs,  which  xavf  (re- 
<1ttenily  occur,  ii  would  be  11  iirc-iit  error  not  to  reduce  grade  on  curves  In- 
Lvlic  IliiI  atnouni  which  tbi;  topi^f^niphiutl  cnnditions'  mndv  possible  with- 
iTiit  loH  up  to  even  o.to  per  cent  [>er  ileKrce  of  cun-e.  in  the  cxisiinit 
niatc  ul  uur  IcnowlcdKe.  even  If  ni  other  points  we-  ii^icd  Ie-y>.     In  tiini 
it  we  have  overestimated  the  probalilc  ur  possible  rcsisuincc  '"i 
I«urve9.  it  is  not  likely  to  do  harm,  because  the  large  amount  of  curi.i 
tare  and  fimall  amount  of  tanKcntswill  enuble  any  excess  of  rcsiM;in> 
III  the  latter  lo  be  c<]Udli«ed  by  mumentuin.  wliereax  If  we  have  iinni' 
estimaicfl  the  cur\'c  lesistance  a  similar  etiect  U  not  jKissiblc.  or  at  lMt':t 
nut  as  fully  possible,  on  account  of  the  greater  length  of  curves. 

t)n  the  upper  and  lower  sections,  where  tangentt  pre^-ail  and  cuive* 
■re  tlie  exception,  ilic  opposite  principle  prevails,  If  the  curve  com;ien- 
ntlon  be  ton  litilc  It  will  be  cqualixcd  easily  enough  b)-  momentum  nn 
short  and  infrequent  curves,  so  that  the  result  will  be  the  same  in  eUcct 
as  if  the  b.ilancr  wetc  exact. 

fl43.  Cniier  the  clrcumst-nnccs  of  the  example  ju^t  considered,  as- 

tumint;  ihc  middle  )Mrt  of  the  grade  to  be  fixed  as  just  assumed,  the 

I  proper  course  to  pursue  with  the  lower  part  of  Ihe  grade  woul<l  \k  to 

MM  its  rate  a  little.  If  circumstances  permitted  doing  so  at  little  or  no 

expense:  oihcruiie.  to  reduce  its  virtual  rate  by  ihe  simple  expedient 

oj  ren)o\-ing  the  stopping  point  ut  the  foot  of  ihc  grade  some  distance 

\  (torn  it.  so  as  to  ensure  ^aininu  somctliing  by  niomcnium.    A  speed  of 

^^k  vj  miles  per  hour  at  the  foot  of  the  grade  reduced  to  lo  inik^  per  hour 

^H  at  C  wilt  (Tabtc  118)  ensure  a  gain  from  surrendered  energy  of  aj.io  — 

^H  ^55  =  tS.6$  vertical  feci  fsec  Fig.  1  £5).  which  will  reduce  Ihe  grade  on 

^H  the  drsi  150  stations  by  -  -J  «  0.1:4  per  rent,  and  so  secure  an  e(|ua1liy 


!S<> 


» 


Kith  tlie  virtual  grade  of  the  next  section  above,  even  with  the  lowest 
possible  rate  of  curve  resistance.  The  cur%-c  compensation  nn  this  lower 
ieciion  should  In  any  case  be  smah.  whatever  it  may  be  on  the  middle 
section  just  above. 

843<  On  the  upper  seriion  DE.  ii«iiming  the  lower  and  middle  sec- 
tion 10  have  been  fixed  as  alx>vc.  an  elfort  will  naturally  he  made  tn 
leni^hen  the  line  a  liiilc  at  tht-  upper  end  at  the  expense  of  a  moderate 
amount  of  distance  and  curvature,  so  a*  to  give  a  gradient  DF  instead 
n(  OE,  Fig.  185 :  but  if  this  be  nut  possible,  the  disadvantage  will  iuh  be 
Wry  serious.    Our  case  will  be  this :  By  virtue  of  aii  excess  in  rate  ul 
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curv«  compcnsalion  wc  have  the  broken  virtual  gradtcni  ACDE  in* 
stead  o(  the  scrAiglii  grade  BE.  whicli  is  of  course  preferable.  The  <ti*- 
advanuigc  at  the  lower  end.  urbich  would  naturally  be  the  tnoit  seriout 
(par.  %i%).  since  it  «trics  our  vJnual  ^fodlcnt  above  ttie  tirade-line  BE. 
wliicli  wc  ilenire.  wc  have  ncutreliied  by  momenimn,"  The  disadvan- 
tage at  the  upper  end.  nincc  it  merely  carrier  our  profile  a  little  below 
the  firadc-linc.  will  in  };rcat  mea.iure.  if  not  entirely,  ncuiraliic  itself  by 
momentum. 

In  thi^iray  we  have  done  tlu-  be«  which  can  be  done  to  avail  otinclves 
()f  every  chance  in  our  favur,  whereas  by  a3Surnin|{anyhard-aod<(att  rule 
whatever,  and  then  (ollowing  it  blindly  (as  we  might  be  justified  in  doiRK 
if  we  knew  it  waa  correct),  we  are  certain  to  lose  something,  and  may  lose 
a  good  deal. 

644.  Our  practical  conclusions  as  to  rate  of  curve  compena 
lion,  therefore,  may  be  summarized  as  follows: 

1.  With  short  grades  or  under  favoring  topographical  condi^ 
liofls  compensate  us  liberally  as  possible  up  to  a  maximum 
special  points  of  0.10  per  cent  per  degfee. 

a.  Where  speed  may  sonieiimex  be  very  low.  and  lience  11^ 
variably  on  or  very  near  to  known  slopping- places,  this  maxi- 
mum rate  appeal's,  with  our  present  knowledge,  none  too  much. 
In  general,  however,  0.05  per  cent  per  dtgrce  {=  1  lb,  per  ton) 
is  an  ample  equivalent  Cor  curve  resistance,  and  Jar  fait  trams 
alone  probiibly  0.03  to  o.o,)  per  cent  (=  0.4  to  0.6  lb,  per  ton) 
is  sufficient  10  balance  the  resistance. 

3.  On  sections  where  curves  largely  predominate  over  tan- 
gents it  is  particularly  desirable  to  have  ample  compensation,  aitd 
i(  excessive  it  will  do  least  harm.     On  the  contrary, 

4.  On  sections  where  ihc  amount  of  curvature  is  small  it  is  less 
important  to  have  full  compensation,  and  if  excessive  it  will  do 
most  harm. 

5.  When  the  rale  of  compensation  can  only  be  increased  at  the 
cERTAiK  cost  of  a  corres]>onding  increase  in  the  rate  of  tangent 
!:radGS  (making  very  sure  that  it  is  certain,  and  not  an  over-haMy 


*  T1i<  word  **  momentum"  here  and  elsewhere  I*  D«ed  In  a  somewluu  un- 
cclenlific  way,  to  correnpond  with  the  popuiitr  use  of  the  word.  The  scientist 
will  not  be  confuted  thereby,  while  ibe  average  reader  U  astlncd. 
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conclusion  from  inexperience  or  lack  of  care),  no  larger  rate  than 
we  fed  practically  certain  n-ill  be  required  to  balance  tbe  cur\-e 
resistance  (0.03  to  0.04)  should  be  chosen. 

Otherwise,  wc  are  cominiiting  the  fully  of  makittg  a  certain 
additioH  to  the  grade  in  one  place,  to  avoid  one  in  another  place 
which  is  merely  problematical. 

fi.  On  any  minor  gradients  where  the  curvature  is  not  suffi- 
cient to  bring  ihc  virtual  profile  up  to  the  maximum  it  is  not 
important  to  compensate  for  ciirvaiurc  at  all,  although  it  is  gen- 
erally as  well  to  do  so,  cspeciHlIy  at  points  where  to  do  so  will 
(lightly  reduce  the  cost  of  construction,  as  is  very  apt  to  be  the 
case  on  long  curves. 

When  not  compensated,  the  curvature  merely  has  an  equiva- 
lent effect  to  a  slight  undulation  of  gradient  (Class  A  of  rise  and 
fall,  i>ar.  4.^$)  which  produces  no  shock  to  the  train  and  so  is 
DUi  a  measurable  disadvantage. 

7.  It  is  not  in  the  least  essential  or  important  to  precisely 
adapt  ihe  compensation  to  the  exact  length  of  each  curve.  Tbe 
reduced  rate  may  as  well  as  not  begin  and  end  at  the  nearest  even 
station,  and  may  be  made  a  tittle  less  on  one  curve  and  a  little 
more  on  one  immediately  above  if  a  horizontal  slice  of  a  foot  or 
more  may  thereby  be  taken  oil  a  high  All  on  the  tangent  connect- 
ing ihcm,  hul  nevtr  to  m  lo  tauit  tht  grade  lo  rise  above  Ihe  unijorm 
graJe-liHt. 

9.  Curves  immediately  below  a  known  stopping-place  for  all 
trains  need  not  and  should  not  be  compensated  at  all. 

9.  The  rate  of  compensation  should  be  uniform  per  degree 
for  all  degrees  of  curvature,  or  in  no  case  made  greater  for  the 
sharper  curves.  It  may  even  be  made  less  for  curves  of  over  10° 
[par.  335  (9)].  If  the  rate  be  reduced  one  hnlf  for  Uie  excest 
over  10^,  making  the  compensation  for  a  t6°  curve  thirteen  times 
that  for  a  ■"curve,  it  will  certainly  lead  to  no  bad  results,  although 
a  rather  rough  rule. 

m*  I*  directly  cooirBTy  to  Ihc  utiuil  practice,  nhich  is  (o  iaereue  the  rate 
Ol  conveoMiion  Kith  the  sharpnett  ol  tbe  curve,  if  anytliin([;  bui  this  nrutice 
ratt  upon  ihe  oxtuniption  which  we  bare  seen  to  be  the  direct  conirtry  o(  inc 
mnh  (par.  jsi  ti  al.).  thAl  ihc  curve  lultiance  Inertaies  with  (he  degree  <■'  Uw 


'>34 


CHAP.   XVIH.—UMITIXG  CURVATURE. 


curve.  The  results  of  experience  on  the  New  York  elcTdttd  lines  and 
numercus  others  nilh  very  sharp  curves,  both  ai  standard  and  narrow  gauge,  is 
enough  to  disprove  this,  confirmed  as  it  is  very  directly  by  the  Indicatiani  of 
theory. 

lo.  Since  we  have  seen  in  Chap.  VIII,  (par.  330-335)  ^^^ 
there  is  no  reason  to  believe  that  curve  resistance  increases  per 
Kin  with  the  length  of  the  train,  or  even  (appreciably)  with  the 
lype  of  engine  (par.  285  et  stq.)  there  is  no  reason  for  varying  the 
ii'iupensation  because  of  the  grades  or  length  of  train,  except  for 
iliis—that  it  is  usually  easier  to  spare  the  elevation  for  a  liberal 
rate  of  compensation  with  low  grades  than  with  high  ones,  it 
is  therefore  proper  to  do  so. 
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CHAPTER   XIX. 

THE   LIMIT   OF    MAXIMUM    CURVATURE. 

849.  Although  badly  adjusted  grades  have  a  more  senous 
*:r[ect  on  Operating  expenses,  there  is  no  detail  connected  vtrith 
tiocaiion  which  has  so  great  an  elfect  on  the  cost  of  construction 
as  that  which  we  are  about  to  ronsider — nor  any  in  which  the  ten- 
^iency  is  so  notable  to  go  to  one  extreme  or  the  other,  without 
"jny  very  definite  or  defensible  reasons.  It  is  evident  that,  while 
circumstances  will  often  justify  and  require  the  use  of  very  sharp 
curvature  or  of  very  easy  curvature,  they  will  in  no  case  either 
justify  or  require  that  conclusions  should  be  jumped  at  in  some 
such  mannei  as  that  sketched  in  par.  245. 

846t  Moreover,  it  may  be  again  repeated,  and  cannot  be  too 
fullv  recogni;{ed  and  clearly  borne  in  mind,  that  both  the  amount 
and  radius  of  curvature,  like  the  amount  and  rate  of  grades,  is 
even  more  dependent  upon  study,  care,  and  skill  than  on  topog- 
rapiiv.  Tliere  exists,  too,  a  most  dangerous  tendency  to  use 
more  and  sharper  curvature  than  is  at  all  necessary  in  country 
of  some  difficulty,  and  less  and  easier  curvature  than  is  at  all 
expedient  in  country  of  no  difficulty,  or  in  country  whose  only 
difficulty  comes  from  trying  lo  hold  close  to  an  uir-iine  (Chap. 
XX.).  Errors  of  this  kind,  resulting  merely  from  lack  of  care 
or  skill,  are  especially  apt  to  lead  to  the  use  of  absurdly  sharp 
curvature  if  one  has  imbibed  the  notion  that  easy  radii  are  unim- 
portant, 

847.  Recogniziug  these  dangers,  we  proceed  to  analyze,  as 
nearly  as  may  be,  the  causes  which  fix  the  advisable  limit  of 
maximum  curvature  and  the  cost  of  exceeding  it.  We  have 
seen  (par.  343)  that  these  causes  may  all  be  separated  under  the 
two  following  heads,  sharply  defined  from  each  other: 
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First.  The  inherently  greater  costliness,  w/ i^/"  c«rr<i/«»-^ 
measured  by  Jegr«f,  but  o/  SKARf   curvature  cnstead  of  EAtiiTj 
CU  R V AT y RE  jrt»r  affroxtmatefy  Ihe  same  number  of  degrees.    In  oiltei 
words,  the  greater  wear  and  tear  uf  track  and  rotling-stock,  cor 
sumption  of  (uei.  danger  of  accident,  loss  by  decreased  speed 
etc.,  which  results  from  using  too  feet  of  id°  curvature  inste<i« 
of  icoo  feet  of  x"  curvature  for  deflecting  the  line  through  a  cei: 
tral  angle  of  lo",  or  from  using  900  feet  of  10°,  and  550  feet  o| 
Ungent  at  each  end,  for  deflecting  through  an  angle  of  90%  asll 


■■'tt'tti" 


Fit  ii». 


ITIicrc  U  •  tvrUlR  Ion  of  illiUiMn,  a*.  In  uiinE  thi  (lurpfr  ln>usd«l  caiitrcwi;  Whkhl 
D«t  r«f«(it4  to  Id  (be  ItU.    Sec  tar.  Sy>.) 

Pig.  187,  instead  of  using  1800  feet  of  5*  curve  and  oniy  50  feet 
of  tangent,  as  in  Fig.  186.  h 

^condly.  Thk  limiting  effect  op  sharv  curvature  on  th^| 
weight  iind  Icngtli  of  trains,  providt'd  it  be  sh.irp  enough  to  have 
such  effect.     Some  is,  and  some  is  not. 

648.  In  other  words,  we  are  here  met,  upon  the  threshold  of 
the  subjccl,  with  a  distinction  precisely  analogous  to  that  whlel] 
we  have  already  found  (par.  361)  to  exist  in  the  case  of  gradients 
All  grades,  without  distinction  and  wherever  situated,  entail 
certain  addiiiunal  expense  per  train  passing  over  ihem;  and  in' 
addition  to  this  the  highest  rate  of  grade  entaiU  a  certain  tind 
much  greater  expense  which  docs  not  appear  at  all  in  the  ex^fl 
penses  per  train-mile  (except  as  it  may  tend  to  decrease  them  by 
shortening  trains),  but  solely  in  an  increase   in  the  number  of 
trains.     In  like  manner,  all  curves,  without  distinction,  entail  a 
certain  additional  expense  per  train  passing  over  them  for  every. 


01 

] 


CHAP.  XtX.^THE  LIMIT  OF  ilAXJMVM  CVMt'ATUXE.  637 


degree  of  lli*  curve,  and  this  cost,  it  may  be, — or  may  not  be, — 
lacreases  rapidly  with  the  sharpness  of  the  curve;  but  in  addi- 
l>un  to  this,  the  sharpest  curve  (or  curves)  on  the  V\n(i,i/  itlf 
liarf  rnaugfi, -KiW  have  itic  (uither  cITirct  of  litntting  the  weight 
ind  length  of  trains.  In  fact,  if  ntiide  »h»rp  enough,  it  will  so 
severely  limit  the  weight  nf  (rains  as  to  make  it  impossible  to 
run  any  trains  at  all. 

At  a  certain  derinitc  radius,  therefore,  the  expense  and  loss 
arising  from  short  radii  take  a  sudden  jump.  The  inherent 
cost  per  irain-mile  per  degree  of  sA'arfi  inifcai/ f/ eatj' curvatuvc 
roniinues  on  as  before,  and,  in  iiddition  thereto,  there  is  the 
large  additional  cxpenite  caused  by  tiie  limiting  eScct  of  ^ny 
shorter  radius  upon  the  weight  of  trains. 

849.  It  is  plain  that  the  point  at  wlitch  this  sudden  jump  wiil 
or  may  occur  is  intimately  connected  with  and  depends  upon 
the  rate  of  the  maximum  grade,  becuuse  the  higher  the  grade 
|the  greater  the  resistance  on  a  tanjjent,  and  hence  the  sharper 
the  curve  which  may  be  used  (i.e.,  vvhtch  it  is  possible  to  use)  on 
levels  or  minor  gradients  without  any  limiting  elfect  on  trains. 
Hence  the  shorter  the  train*  which  c.tn  be  huiilcd  independent 
of  the  sharpest  curve,  the  shorter  the  radius  which  may  be  freely 
used  on  levels  or  minor  gradients  without  affecting  the  number 
of  trains  required  for  a  given  business, 

690.  Now.  just  as  in  the  case  of  gi^dlcnts,  this  distinction 
between  these  diverse  sources  of  expense  is  one  which  must  be 
carefully  kept  in  mind  if  any  correct  and  intelligent  decision  as 
to  the  limit  of  maximum  curvature  is  to  be  reached. 

In  the  lirsi  place,  it  needs  no  great  effort  of  mind  to  perceive 
that  the  first  item  mentioned  above,  the  inherent  costliness  of 
sharp  curvature, — that  portion  which  is  visible  in  increased  wear 
and  tear  and  expenses  per  train-mile, — affords  no  ground  for  the 
fixing  of  any  arbitrary  and  indexible  standard  or  limit,  not 
should  it  be  considered  or  allowed  to  have  anv  wkioit  what- 
ever in  ascertaining  at  what  raiiius  10  fix  that  limit.  For,  mak- 
ing for  a  moment  the  exaggerated  estimate  that  the  cost  of 
curvature  per  degree  increases  as  the  square  of  the  degree  of 
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llie  curve,  it  may  easily  be,  and  often   Is  itie  case  >t  ceittin 
points,  tliat  the  cost  of  construction  wilt  v»ry  as  llic  cube  nf  the 
radius,  and  lience  n  sudden   sharp  rnvinc  or  rocky  spur  migh 
justify  and  require  a  ii*  or  15"  curve  for  tliis  account  alon 
although  3°  or  4°  curves  were  ihe  maximum  on  alt  the  rest 
the  line.     But  what  wc  then  require  to  determine  is:  Will  an 
such  curve  have  liie  further  clTect  uf  limiting  ihe  weight  of  train 
over  the  whole  line,  or  injuriously  restricting  speed  ?     For  i 
that  case,  plainly,  a  lurg«  addiciomil  expenditure  will  be  justifi 
able  10  incrc.iw;  its  radius. 

651.  This  latter  expenditure  docs  not  vary  wtth  the  number 
nf  curves,  as  docs  the  wear  and  tear,  but  is  a  certain  fixed 
amount,  which  can  alone  be  used  to  take  out  such  curves,  how 
ever  muny  or  few  they  may  be,  and  must  he  dtstrijjutcd  to  one 
curve  or  to  fifty,  according  to  iheir  number.  This  fact  atone  is 
suRicient  to  show  the  essential  dtssimilarity  between  it  and  the 
sum  which  represents  the  direct  or  isherf.xt  disadvantage  of 
Msing  shoit  instead  of  long  radii.  As  ihc  tatter  Is  always  so 
much  per  sharp  curve,  or  per  degree  of  sharp  curvature,  it  alwaysfl 
ties  its  cffcrl — much  or  little,  as  the  case  may  be— on  the  justifi- 
able expense  to  increase  the  radius  of  each  particular  curve,  for 
it  is  to  be  added  in  each  case  to  the  proportion  for  that  curve  of 
the  estimated  value  of  avoiding  any  limiting  effect  from  its 
radius;  but  it  docs  not  form  an  clement  in  Itxing  the  point  .1 
which  limiting  effect  begins,  and  hence  sliould  be  iillowcd  n 
^^_  weight  whatever  In  ascertaining  that  limit, 
^^P  All  this  seems  clear  enough  wlien  the  attention  is  special] 

^^        directed  to  it.  but,  as  with  many  other  problems  which  advance 
I  from  simple  premises,  it  requires  a  constant  effort  of  the  mind 

I  to  Iteep  it  always  in  view.    Hence,  although  it  has  no  real  or 

I  necessary  connection   with  our  present  subject,  we  may  firsi;, 

\  briefly  consider 

k 


THE   INHERENT    COSTLINESS  OF  SHAR?   CURVATURE, 

8&3,  For  the  consideration  of  iliijt  qiicniion  sti  actual  or  possible  linv- 
iting  effect  from  curvuiurc  on  the  length  or  speed  or  easy  riding  ol  trams, 
or  the  use  of  any  desired  type  uf  locomotive,  must  be  tlisregarded.   Such 
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injurious  eScct  as  ih«  sharpc&t  curves  mny  luivi^  on  ilin«  details.  M  an)-, 
ii  Another  matter.  The  qiimion  is  simply— «s  bcmcen  titc  two  meihocis 
sbown  in  Figs.  166.  iS;— of  lurning  an  angle  of  90*  within  a  rlisiaiice 
€)f  iQoo  (e«  of  track  :  Which  m\A*  tlic  tno*t  to  the  oi>erating  expenses 
per  train  riuc  to  thiit  1900  feet — th«  method  of  Fig.  186^  showing  1800 
(cet  '.f  5'  curve  and  50  Icet  »(  tangi:Tit  at  each  end,  or  thiit  of  Fig.  187. 
with  yoo  feet  ot  10'  curve  and  500  fret  of  tangent  at  each  en*'  ? 

8SX  R^orousl)'  excluding  all  thoiight  »f  possible  limiting  cAen 
from  the  mind,  it  i*  vct^'  dllltcult  to  sec  rcawwis  why  the  inherent  com  o( 
ciirvatitre,  per  train-mile  per  ilL-jint^.  nhould  \k.  in  the  least  increwsed  by 
using  sliort  iiisieui]  ul  ton^;  radii,  i.e..  tiy  u^itiK  too  ft.  of  10°  curve  instead 
o(  iooo  ft.  of  1°  curve,  to  lovcr  the  same  <;uniral  an^Ie.  The  wear  and 
cost  of  rails  appear  from  superficial  invcstiKailons  <the  writer's  amoflg 
others:  sec  par.  317)  to  indicate  that  ra/l  wear  increuMs  faster  than— or 
cVL'n  (as  the  writer  once  snggetied)  as  the  Mjuare  of— the  ile^ree  of 
curvature:  but  this  is  n  purely  deceptive  appearance,  due  to  tlic  fact  tlwt 
llie  fn// ot  wear  increaMs  as  the  rails  hccome  worn  to  "  tit  the  liangc" 
(par.  ijSt.  and  thus  expose  a  greater  arc*  to  nibbing  (ticiion.  It  Is  plain 
tlut  at  any  given  dale  in  a  large  lot  of  rails  laid  at  the  lame  time  thoife 
on  the  sharper  curvet  will  have  fulfilled  a  greater  proportion  ot  iheir  total 
life,  and  hence  will  have  begun  catlin  to  wear  more  rapidly.  From  a. 
more  correct  comparison  ol  all  the  data  it  appears  rather  as  if  both  cur^e 
nsiKancc  and  tail  wcnr<und  hence  fuel  consumption)  increased  more 
slowly  instead  of  (aster  than  the  dcKrct;  n(  the  nirve  (par.  31 1).  II  so, 
tite  total  RAIL  WEAR  «iuse<l  by  10'  of  contral  angle  will  he  less,  rather 
than  more,  on  a  to^  curw  than  on  a  1 '  curve.  While  thit  cannot  as  yet 
be  positively  a!uerte<l,  it  may  be  regarded  as  certain  that  the  balance  b 
ai  least  even. 

994.  Ii  may  with  far  more  cenainty  be  claimed  that  the  cost  ot  uaik- 
TKNANCE  or  KoAU-»Ki>  AM>  TRACK  is  coiisidersMy  ilecr«aM:d,  per  dc- 
grec  ol  central  angk,  by  the  use  of  short  radii,  because  a  good  portion  of 
it  is  nearly  constant  per  too  feci  of  curve,  regardless  of  radius,  such  » 
the  extra  co«t  of  lining,  maintaining  uniform  and  proper  elevation,  and 
the  shorter  life  ol  tics,  in  order  that  they  may  be  capable  of  mstatning 
llic  lateral  reanion  of  the  rails,  which  latter  is  theoretically  'although 
probaMy  not  quite  prarticallv)  the  same  on  all  cur\-es  (ptir   :ji  1 ). 

It  would  be  n  most  liberal  estimate  to  .nsi^ume  tliai  the  additional  cost 
per  siatton  for  maintaining  rrMd-bed  and  track  due  to  curvature  Increases 
as  the  square  foot  of  the  degree  of  cur»aiure.  making  11  3.16  times  as 
much  per  too  ft.  of  line  00  a  10'  ctirve  an  on  a  t*  cur\'e.  of  making 
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the  fuldilionul  cost  due  to  A°  of  cealral  angle  cnmparc  fts  1.0  on  a  1' 
ciirvt!  to  3.16  on  a  10'  curve.  This  eniire  item  in  a  f-xaaW  on«,  but  »o  iu 
OS  it  goes  it  is  distinctly  favorable  to  the  use  of  sliarp  iiutcad  of  easy 
curvature. 

85&  Figs.  186.  187  are  literal  copies  of  diat;rams  which  the  writ 


submitted  W  two  or  three  of  the  most  thougblfiil  ptactlcnl  road-mastcri 
of  hi.i  a<:qu3iiiianc«  for  an  opinion  as  to  prohabli^  comp^irattve  tnain^_ 
tenanci?  «xpcri»cs.     The  reply  of  one  of  ihem  was  as  follows :  ^H 

"  Assuming  a  tie  to  Inst  I  ycari  ofl  langcnt  Ii  nil!  \xi\  about  b  yc*rt  on  a  10* 
■CUTva.  *o  as  I"  kecji  khukc  f^a^e.  and  wc  will  sif  ;  yearv  on  (he  j*  carre.   Tim— ^ 
f«r  ii>"  /jiH— Coit  of  lies  lor  eighi  yciini  on  iOOO-(l.  lanseot. 

$00  ties  Ri  50  <i* t^jo  00 

4$0  ti<3  on  900  (t.  of  10*  curve  at  jo  CU.  =  $»ij  for  b  year*. 

=  (or  8  y«ar», JOo  o»— tjj*  ' 

far  %""  'V<w — CcMt  of  tie*  far  3  years  on  lOO-ft.  taagent,  50 

licsals«>ct« SS  00 

tf»  lie*  (or  i!oo  ft.  of  5°  cttn-e.  at  jo  "•,  =  (450  for  7  j«ar« 

=  lor  S  yean 5>4  30— $539  jo" 

"Therefotolhcrcii  a  nviiiK  of  #10.7001  the  end  of  S  ycara  in  lawir  of  ike 
5*  line,  and  we  may  conclude  that  the  mainienance  of  line  and  Nirfaee  will  bear 
th*  same  p(0|>or[lo[)  to,  lies. 

"  Accoidiiiji  10  thU  liKarlnjt  there  it  a  «aving;  of  about  3  |>ef  cent  In  m^n. 
tenancc  in  lukinn  the  5°  line.  Tlii>  iii  sinHlI.  and  In  looklug  at  ih«  two  lines  hi 
alt  iheir  bediings  I  l>cllcvc  the  10'  line  is  ibe  |irefcrabte  one  for  miunienanee,  ai 
on  it  we  KCi  more  ungeni  tlun  curve,  trhile  the  s'  for  the  same  dUlanec  Is 
nearly  all  curve  aind  very  Utile  tanceni." 

The  falUc)-  in  the  first  pan  of  this  estimate,  which  was  perceived  but 
not  located,  lies  in  a.isuminti  that  a  5°  curve  will  only  duninisb  the  life 
of  «  tic  half  iLi  mucti  as  a  10*  curve:  which  b  hardly  so.  the  fUnge  pres- 
sure being  the  same  on  both.     Moreover,  the  extra  work  ol  Iiiiihk  an^ 
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tBrtMiiit^  u.  nill  cioiv  nearly,  so  fnuch  |>er  lineal  (oot  ol  curve,  rt^art^kss 
01  Che  reJiiu, 

866.  The  wear  and  una  of  WNKKtit  ani>  kunmkc  GKAR  of  roltiitg- 
rjxk  will  iMtunlty  follow  ihe  %Amii  general  law  iu  the  rail  w<sir,  «o  that 
n  nuy  be  considered  to  viiry  directly  as  the  degree  of  curvature,  rcmain- 
:i  g  cututant  per  de^ffe  of  centnil  single. 

657.  Mureo%-er.  [lie  luUl  cuni  ul  rtp;iirs  o(  rolling-stock  and  track,  far 
tkOte  itcn)»  which  arc  ax  all  ViaXAh  tu  be  affected  by  the  wear  and  tear 
ind  todS  ol  power  on  ciirve»,  »  very  small,  a*  thus : 

Ivltl  cipcMd. 

P.Hi^nti,  19  per  ceni  only  of  (he  toial  coit  of  repairs  apprart  lo 
r>ry  wiib  curraiutv  onJ  grades  (Tabic  Sj);  19  per  e«n[  wf  s,6 
per  cent  (Table  80) =       1.07 

d/T  (Table  Ut),  13  per  rem  appcan  to  vary  as  above:  33  per  cent 

«f  10.0  per  c«n<  iTabtr  $o> =      i.jo 

/{mil,  *Vf  (o  per  cvn[  of  I  o  \irr  cent.      ,     . =        1,00 

^K./.  My  10  per  ceni  of  ;  6  ptr  cent, s      0.76 

A  lotal  |>er  cent  of  only S.13 

Thus  only  about  J  per  cent  of  the  total  operating  expenses  is  likely  to 
lie  affected  at  all  l>y  curvature,  and  a  good  p.iii  »(  tliat  only  slightly,  and 
a  good  pan  of  what  remains  by  sharp  and  easy  curvature  of  equal 
amiuunt  nearly  equally. 

996.  It  is  also  to  be  remembered  that  sharp  curves  LENGTHEN  short 
TANGENTS,  as  is  cicarly  brought  oot  by  Figs.  186.  iS?— an  advxntAge 
wliicti  (acitiiates  what  would  otherwise  be  impossible,  the  use  of  easy 
uaiuilion  curves  (see  Ind^x).  and  hence  may  be  nmde  to  greatly  decrease 
the  unavoidable  shfick  in  entering  and  leaving  curves. 

659.  Thr-  effret  of  a  change  of  ntdius  on  the  TOiAL  Lkngth  ok  the 
LI XK.  although  iipparcntly  pertinent. lias  nfl  real  bearing  on  this  ques- 
tion. The  u«^  of  sharp  curvature  aiway*  increasra  the  length  of  the  line 
between  the  Xiirae  tangents  by  the  amount  aa.  Tig.  tR?.  And  has  beside:^ 
n  marked  further  lendcm:)'  both  ii>  increase  the  length  of  the  line  and  to 
increase  the  de^reei  of  central  angle,  bmuiuse  of  the  differences  uf  loca- 
■((Mi  which  naturally  resulL  But  the  disadvantage  of  this  eJctm  length 
and  airvaturr  is  a  matter  for  separate  estimation,  bccaune  it  is  not  an 
OHcntial  and  unavoiilable  feature  of  a  mere  change  of  radius,  and  hence 
does  not  directly,  although  it  commonly  will  indirectly,  affect  die  dcci- 
9km  in  taror  of  ti-<iaK  eo^y  curvature.  In  (act.  although  it  rarely  occurs 
ia  practice,  it  is  not  in  the  nature  of  things  impossible,  that  the  uie  of  a 
41 
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shorter  radiu«  should  result  in  a  decrease  of  both  distance  apd  (iq[r 
ol  centnil  nnglc.    On  a  small  scale  il  vcrjr  frequently  does  so.  in  th«  i 
ner  outlined  in  Fig.  188. 


Fia.  Its. 

860.  On  the  other  hand,  ii  may  well  happen  that  the  adoption  of 
location  adapted  to  shon  radii  would  double  the  amount  of  curvature 
and  that  the  rKtimatcd  cost  of  this  would  be  more  ihRn  the  estimated 
saving  on  construaion.    In  that  case  the  short  radii  would  not  be  tued. 
but  they  would  be  abandoned,  not  because  of  the  sharpneaa  of  the  cur 
aiurc.  but  because  there  was  so  much  of  it. 


F]&  i^ 

B61>  The  loss  9r  icain  !n  diauuiee  by  conncciing  ttny  vna  f^veti  tangent^ 
one  curve  initend  of  anoihvr,  Fi|[.   189,  muy  be  eery  simply  dciLrnilue 
fnllows: 

To      DBTBRMIME     1IIK     nirFBRKN'ri:     IN     I.KKCTK     Df     U!IK    KI«     ANY 

cuavE*  or  uiFFKRENr  radii,  coNvrcrivo  nii:  »amb  TA^fosrrre: 

Let  /  =  length  of  lotincer  curve,  ul  D*.  with  tangents  7^ 
..  (.  _.      ..     •■  »j,(,ner    '*       "  D^',    "         "        f". 
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IDT 
Then  geomeirically  Y'~~ry~~r'   '*   "^  assume,  as  for  all  practical   por- 

poses  we  may. — if  curves  of  over  B°  or  10°  are  run  in  with  50-foot  chords, — that 
the  degree  of  curvature  is  directly  as  the  radius. 

Then  /'  =  |r  /  and  7"  =  J  7-,  7"  -  T'  =  (i  -  ^)  r. 

Letting  L  =  the  length  via  any  one  of  the  sharper  curves  shown  in  Fig.  1S9, 
from  tangent-point  to  tangent-point  of  any  curve  of  longer  radius  (from  T  to 
r)  we  have 

But  the  value  of  iT  —  I  for  a  D°  curve  Is  to  its  value  for  a  1°  curve  as  -=-. 

D 
Consequently,  tabulating  {3  7"  —  /)  for  a  1°  curve,  we  have  as  Iht  diffsrtnct  in 
lie  Uiglk  ef  tit  line  via  any  Ituo  turves  ef  D  and  D'  dtgntt,  ennntttiag  Iht  tame 
lang/nli  : 

I         D  —  D 
=  tabular  number  X  ^  X  -—^ — 

D  —D 
=  tabular  number  X  -yyn — 

=  tabular  number  X  -^~i — y  "/  '^  '«"  dignti  ef  furvalurt, 

aC2,  Table  187  gives  such  a  tabulation  (or  angles  differing  by  i*  up  to  130*. 
The  "tabular  number"  is  simply  the  difference  between  the  length  of  *  i* 
curve  of  any  given  central  angle  and  the  lengths  of  its  tangents.  It  n  thef«- 
fore  given  for  any  angle  whatever  by  the  formula 

7"=  tan  i/XS730Xa-  too/; 

ir  which  T=  tabular  number  for  Table  1B7, 

/  =  intersection  angle  in  degrees. 

The  problem  is  rarely  one  of  practical  importance,  since  two  curve*  of  cDd- 
siderable  difference  in  radius  rarely  connect  the  rame  tangents,  but  b  some- 
times convenient  for  determining  the  effect  of  minute  changes.     For  the  two 
utves  shown  in  Figs.  1S6.  187,  we  have — 

Tab,  no.  lor  90°  (Tabic  1S7)  =  a459-3  X  A  ( — ^j^  =  246  feet  loss  of  distance 
by  the  10°  curve. 
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Table  107, 

DirrKKBiACK   IN    LsNCTii    f>r    Like  \<'i   Met  Two  Cubvkk  or   DtrrR 

Kadii.  cdnnbci'iko  thb  samf.  Tanobwts. 
[Tv  d«lenninc  (he  required  dLfcrencc.  Riuitipl^  ihc  tabular  aumfaer  b«tow,  CMTOfpantt^ 

Wlhc  giTVD  oeatnU  angle  by  ''"'X»jmIF°'  **"  '™>*B'«*«f«""'"™-l 
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This  liitle  is  HOT  corrMt  to  Ihc  neansi  tmib.  bui  only  taxhr.  nuintl  tM-rn  tiirt>-l«Blb%. 
As  »  oiiuln  Email  (rutloii  only  of  uio  labuloF  number  U  (ii  bo  taken,  the  rrtcr  wa* 
dnnKKl  i>f  •i]nueh  mciineiK  In  requite  noimpuuiion.     The  tabk  (ives  merely  tlw  dHhi'l 
tncp  brtwwii  <be  IcnRih  r(  the  twi>  uofrCMi  to  a  i>  ctitve  and  the  leogtb  at  iu  ue,  lea 
■nj  elvcn  ccnlral  uiglc 


363,  Prrciscly  ihis  same  mjttou  o^  anAl]P5i5  -rriil  eiuhli!  us  to  detennin*  at, 
onre  Ili«  difl«rence  bclween  the  radhi*.  Ions  chord,  tniddk  ordinAle.  I>n|^t,| 
or  any  oihcr  function  o(  any  cvo  «lTi;ilar  curve*  j(  ire  know  ihe  raluc  of  ' 
■amr  fuofiiion  lor  a  similv  1°  cnrre.  Tbas  the  difference  betcreeo  th-  txUI  i 
1 9'  Add  10'  curr«  Is 


S730X^^=S73.ofc«: 


and  iMl'^'cen  «  7°  anl  S^>  S730  X 


a-7. 

8X7* 


.5730, 
£6 


109.3  fMt. 


864,  From  all  the  considerations  which  have  be«n  sug^sted 
together  we  may  perhaps  a&sume  (hat  the  inherent  cost  c>'  ccrv- 
alure  per  train-mile  is  independent  of  the  mdius.  or  at  least  does 
not  increase  apprcciubly  with  t]ie  &harpne»s  of  the  curve,  and  tbU 
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view  simplifies  u  Uccisinii  o^  10  the  \\n\\\  ai  i,i<liii>.  But  whether 
this  vieM'  be  entirely  cucreci  ur  not  is  a  matter  of  pei  (ect  indifler* 
ence  for  deciding  the  problem  immediately  before  us,  as  it  is 
hopco  has  been  made  perfccily  clear. 

Dismissing,  therefore,  from  our  minds  this  confusing  and  irrel- 
evant question,  wc  will  now  conline  our  attention  exclusively  (o 
lite  LiMiTiNo  EFrECT  of  fiirvatuic  as  the  only  cause  which  justi- 
fies ihc  fixing  of  any  arbitrary  limit  whatever  to  the  sliarpiiesa 
of  curves. 


THE  UMITIKC  SrrKT  OF  CURVATURE. 

664.  Curvature  tnay  have  aJimiiins;  effect  in  three  ways: 

1.  It  may  forbid  the  use  of  certain  types  or  weights  of  en- 
gines, or  so  impede  it  as  to  make  it  practically  inexpedient.  The 
extent  10  which  this  cause  does  or  may  operate  has  been  already 
considered  (par.  385  d  Sf^.)  and  found  to  be  small. 

i.  It  may  impede  the  running  of  trains  at  lugh  speeds  by  the 
necessity  of  frequently  checking  speed  or  maintaining  a  Iom-  rate 
of  speed  for  considerable  distiince>  when  the  intervals  iictwce* 
the  sharper  cur%'es  arc  small. 

3.  It  may  compel  the  hauling  of  shorter  trains  by  its  ad<]ition 
to  curve  resistance. 

The  second  cause  has  been  already  considered  from  the  me- 
chanical side  (in  par.  i6ti  fl  tff.)  and  found  to  appreciably  affect 
piwsenger  trains  alone. 

8M<  As  a  business  question,  the  effect  which  we  there  saw 
sharp  curves  to  have  on  tlic  safe  speed  shows  their  use  to  be  on 
many  roads  of  heavy  passenger  ir.ifllc  a  consideraiinu  of  extreme 
importance,  justifying  and  requiring  an  extremely  low  limit  of 
curvature.  Nevertheless,  under  iiverage  conditions,  Ihc  same 
facts  show  it  to  be  one  of  minor  iuiporiancc. 

867.  It  depends  chiefly  on  a  road  of  any  given  character  on  the 
amount  and  disposition  of  ihc  sharp  curvature.  Thus  on  the  ele- 
vated railways  of  New  York,  with,  peitiaps.  the  heaviest  passen- 
ger traffic  in  the  world,  a  few  excessively  sharp  curves  are  used, 
such  as  those  shown  in  Figs.  1S9,  190,  191.     These  arc  not  found 
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.  Via.  1S9,— RavxocD  Cuitim  of  91  F»T  Mikuiuh  Xaimui  ttm  Tuwiihu  RiGHr  AhOLH  Mt 


Tbtrr  irr  (our  richt-^nElti]  lutni  on  th<r  Siiih  Airoiir  line  limibt  in  nibManoc  M 
Fie.  i)t>     In  nider  10  be  .ible  latum  ulihln  Uie  11(^1  ItmlU  thot  menml  oifvrs  win 
Intrnilucctl.  iiinliiiiK  llir  Idl.il  uf  llio  CEiilral  onglei  1^°  .u',  or  44'  <m'  «ti  the  nicmnry . 
riKtil  «i|;1v,     Th?  dittfd  oirvrnf  ^no  ffH  f3hliii«  (or  alxiul  ai^*  tn^UiiJ  i>f  ^*}t  nhovf  1 
*itli  he™  lillle  cncroachrnmT  on  prliilc  propcny  Ihc  nidlut  could  br  moR  thxn  doobledi ' 
In  J'lif.    190  Ihc  dottfd  >tit;nmcnt  aould  lait  311*  ^o'  -  I4«*  -  W"  .to',  beside)  MMtf.l 
dmibliim  Uir  nidiuK,     Ahcnil  RODlraina  per  lUjr  p*M  unuod  lliewairrei.     The  ihoelot] 
lnl«ml  or  "hMdoiy"  bclwecn  Itiiin)  ii  only  K  miout*  on  the  Third  A*mue  linvand  tHJ 
■ilniits  on  the  Sixth  Avenue  line,  durlni;  the  baii«l  houn,    Couiitine  both  ru«i-«  to- 
pttivr,  moi*  iliaii  iinir  Ihin)  M  niany  pMienprt  piu  over  Ihcm  per  yeu  a*  ihcT'!  are  «t>o 
«<ilr(^l  Ihe  trunt  ol  all  the  tisiooo  miloa  irf  nllwi)-  in  lh«  Unil*d  Stitn.     Tha  Ki^Mj 
ramlngs  ^rr- Mi/f  mounl  up  l«  $l.v^MO.  and  the  opCTatine«pent«sto  ti'SiOOCL 

TTir  )it<i|>rrly  on  the  eanwn  which  U  nil  by  the  dotted  curvet  U  in  no  cue  pankaUrl] 
nlndble.  and  Sn.ooo  or  $30,000  wiiuM  hivx  Iihii  the  grf  l«rt  net  Ion  which  irould 
Rkely  •»  reiuli  (lom  lubilitulliie  »ny  one  of  Ihe  dotted  curt**  lor  the  fonslttictod  <U(*«i.  ' 
Ko  accidmls  nf  any  Viiid  l>»ie  happened  on  any  ol  ihcte  iliiiqi  eur\a  kincc  the  nMub  we* 
Op*i»d  in  1S7K 

The  curva  are  ol  iiandud  sauce,  and  the  can  ■»  about  4S  (<«t  loni;.    Their  draw- 
lurt  en  from  truck  10  truck,  .uid  not  between  the  cAr-bodie*. 
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Fig.  140,— RiviuiD  Cutivas  of  ug  F»t  Radius  oh  Mahkattak  Elstatxd  Railwat, 

Thikd  a  vs.  Link. 

Linm  ef  Uiiifon"  Spetel. 

Sottas- 


— S/wwi--, — ^ r— ^^T T^"!  ' — ! — "1 ^ 

I       S/oyringu/B  I  j      Tnertatirtg^  Sptt^^. 

Via.  igi.— iLLUiTKATiiiG  THi  BmcT  or  LoHOKK  Radiui  oh  CeniAMumm.  SrEcn, 
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to  be  a  measurable  clisad vantage  as  respects  limittng  speed  (for 
if  tliey  were,  a  few  iliou&und  dollars  wouM  take  them  out],  t)e> 
cnus«,  altliough  ovi^ry  moincni  u(  lust  time  is  of  greui  imparl- 
ance, ilie  speed  ItcuvctJM  ilic  (rcqiiciil  stop*  is  slow  (not  ov«r  30 
miles  per  lioiir)  »ii<l  ilie  motive-power  bctweeti  stutiuiis  (l)cciiU>« 
of  ilic  frequency  of  stops)  abundant.  Thcicfure  ilie  »pced  is 
clicckcd  to  a  safe  limit  almost  instantaneously  on  approaching 
thccorve,  and  Lcsuiiicd  .i,i;ain  on  passing  it  almost  asc|uickty,  ami 
the  tola]  loss  per  curve  dues  not  exceed  so  to  30  seconds  fur  each 

curve;  only  a  small  of  part  which  (  ^—  or  39.   3   per  cent,    on 

ctirve  and  ^  or  50  per  cent  in  approaching  and  leaving  the  curve. 
as  a  brief  analysis,  which  the  sitidcni  should  make,  will  >hi»w) 
could  be  saved  by  doubling  the  radius  ■>(  curvature.  Fi^;.  191 
and  Table  107,  page  173,  will  indicate  the  method  of  determin- 
ing ihiv 

886.  If,  however,  there  were  many  of  these  curves,  the  loss  of 
lime  would  not  only  increase  pari  fastH,  but.  by  frittering  away 
the  time  and  nervous  energy  of  the  cngincman,  obstructing  hid 
view  ahiMd,  and  simiLir  indirect  causes,  cause  a  stil!  further  de- 
crease in  thi;  piacticalile  speed,  and  likewise  decrease  the  admis- 
sible frequency  of  trains,  thus  causing  an  unwarranted  los5.  if 
any  ordinary  expcndiiurc  would  avoid  il.  As  the  line  now 
stands,  an  avoidance  of  all  corves  on  llic  line  would  have  a  con- 
siderable money  value,  but  to  simply  double  the  radius  would  be 
worth  little  or  noilting — as  is  sufticicntly  evidenced  by  Figs.  189- 
190.  The  management  is  not  unintelligent  nor  unduly  (>arsi- 
monions,  but  il  is  not  thought  of,  simply  because  it  would  not 
pay. 

869.  So  on  the  various  railway  lines  connecting  B^jslon.  New 
York.  I'liiladclphia.  Ualtimore,  and  Washington.  The  value  of 
avoi<iing  any  considerable  amount  of  curvature,  and  especially 
curvature  sharper  than  3"  or  4".  is  to  be  measured  only  by  a  vast 
sum,  under  the  growing  business  advantage  of  very  fast  trains. 
Its  existence  in  taig<:  amounts  would  make  quick  time  impossi- 
ble ;  but  the  same  is  not  at  .-ill  true  of  a  small  amount  of  curva- 
ture at  some  one  point,  even  of  very  short  radius,  for  reducing 
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jpUd  fvr  one  mile  naty  from  60  lo  30  miles  per  hour  means  oiily 
thc  loss  of  \\  to  3  miitiites  time  (Tiibtc  1S3).  Tlic  justiliabic  ex- 
penditure to  aroid  it  would  certainly  be  fur  less  than  one  tenili 
fA  what  would  be  jiiMifiable  on  the  same  line  to  avoid  ten  limes 
as  miicb  curvature  and  delay,  botli  because  (1)  more  tliRn  ten 
times  as  much  time  would  be  lust  thereby,  tiiul  because  (i),  even 
if  not,  the  lo&s  would  be  nioic  than  ten  limes  ^s  injurious.  Two 
minutes  more  time  between  New  York  and  Philadelphia  might 
not  place  a  competing  line  under  measurable  di sad va mage. 
Twenty  minutes  would  nut  simply  decrease,  but  destroy  its 
chance  for  competition  on  equal  terms. 

970.  When  we  come  to  long  trips,  of  500  to  1000  miles,  we 
have  already  (par.  140)  seen  that  any  probable  loss  of  lime  which 
it  remediable  by  any  expenditure  within  bounds  for  easing  curv- 
ature is  not  likely  to  have  any  effect  whatever,  measurable  in  dol- 
lars and  cents,  upon  competitive  cc^uality.  The  most  tritltng 
diflercnccs  in  neatness  of  Stations  and  equipment,  courtesy  of  em- 
ployees, character  of  "  lunch  counters,"  etc.,  would  be  far  more 
important  (or  that  purpose,  as  well  as  far  more  cheaply  obtained. 

871.  The  true  principle  in  regard  to  this  matter  would  there- 
fore seem  to  be:  To  estimate  the  total  loss  oy  time  which  is 
likely  to  result,  on  a  f[ivcn  line,  from  the  location  naturally  re- 
sulting from  one  radius  of  curvatuie  instead  of  aiioihcr,  and  the 
probable  money  value  of  so  much  compeiiiivc  business  as  is 
likely  to  be  lost  on  account  of  this  loss  of  time.  While  this  it  an 
exceedingly  delicate  and  difficult  matter  to  estimate  even  approx- 
imately, and  sn  impossible  one  to  determine  with  exactness,  yet 
(par.  3i)  "what  wc  can  do  is  to  Rx  a  maximum  »nd  minimum 
limit,  somewhere  within  which  lies  the  truth  and  anywhere  out- 
side of  which  lies  a  certainty  of  error.  Due  judgment  and  cau- 
tion require  that  ive  should  do  so." 

Kit,  As  «  general  rule,  the  limiting  line  between  the  traffic  to 
which  every  minute  is  and  is  not  iinpnrtant  lie^at  I  he  point  where 
it  ceases  to  be  possible  to  make  a  round  trip  in  a  day,  with  some 
time  to  Sparc  at  destination.  For  distances  under  100  or  150 
mites  this  is  possible,  as  for  instance  between  New  York  and 


±1 
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Philadelphia,  and  time  \%  valued  greatly.  For  longer  di!.tiinc<r<i, 
as  (rem  New  York  to  Boston,  this  is  not  possible,  :ind  fant  trains 
are  not  run,  nor  .-irc  Ihey  likely  to  be  until  over  50  miles  per  hour 
C^n  be  m^de,  wlicn  itirre  will  be  demand  for  several  daily.  Be- 
tween New  Yoi'k  und  Cliicago,  until  it  Anally  uppearcd  possible 
to  shorten  up  the  time  to  14  hours,  quicker  time  than  36  hours 
was  not  imponant,  and  was  not  made.  To  Si.  Louis,  which  is 
only  loo  to  150  miles  further  from  New  York  than  Chicago:,  or 
some  ID  per  cent,  the  time  Is  still  eight  or  ten  hours  longer,  for 
the  saini-  jfiison. 

The  rftcci  of  nharp  turvatutc  on  lufciy  and  Ihc  comfort  of  travelkn  to  eoa- 
sideied  ill  Ch»p.  VIII. ,  pars,  34;  %.\\A  VSt). 

873.  We  will  nowanaly/c  ilic  extent  to  which  the  third  and  chief 
cau»c  tor  limiting  elTcct  from  curvature  npcriites — itiac  it  may  compel 
the  hautiiiR  of  shorter  tniins  Iiy  Iik  addition  to  the  train  mixtance : 

We  ha\-e  on  the  tangent  muximum  grade,  whatever  it  may  be,  two 
resistances  10  overcome: 

I.  The  ordinary  rolling-friction. 

3.  The  rrfiKtancc  of  timviiy— n  known  and  coMtSRt  quantity. 

In  the  case  of  (-urv.iturc  on  a  level  wc  have  alw  two  resistances : 

:.  The  ordinary  nilliiig-Iriction,  ax  before. 

3.  All  additional  resilience  which  may  or  ran  ari»e  from  the  curve. 

In  either  case,  it  is  cvideiU  that  the  resistance  from  the  ralling>fric- 
llon  proper,  being  the  same  in  any  caxe,  whatever  ltd  amount  may  be, 
may  bi:  (entirely  neglected.  In  any  case.  also,  it  is  otn-ious  tluit  the  grade 
on  any  curve  may  be  reduced  to  a  level,  if  desired,  so  as  to  eliminate  all 
gradr  re*i^;ari«:. 

074.  ThL'  normal  rolling-friction  being  eliniinaied.  what  wc  require. 
In  order  to  determine  the  proper  limit  of  maximum  curvature  M/ar  mt 
Itnglk  e/ train  is  eonetraed,  i^..  the  point  at  which  a  LtwiTiNo  eitect 
begins,  or  should  l)egin  on  a  properly  l^id  out  line,  is  simply  lit  eurt-t  oh 
wkici.iu  all caui  and tindrr  tkr  most  UHjavorahU eir{timsla»ttt,lhe utmt 
ttigine  run  Itaiil  Ihe  sams  /rain  on  it  t^vfl  at  it  ean  Maul  on  a  langftit  up 
Ike  maximum  ;;raiif. 

It  is  not  sufficient  to  determine  merely  the  curve  on  whirh  llierc  will 
probably  be  no  greater  resistance  on  a  level  than  on  the  tangent  maxi- 
mum grade,  nor  the  curve  00  which,  under  average  or  favorable  condi- 
tions, there  will  be  no  limiting  effect.  When  there  is  even  a  possibility 
that  under  any  circumstances  whaic\-er.  exceptional  or  unexceptional. 
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(he  resisunccs  on  ii  level  maximum  curve  may  exceed  tbe  known  and 
invanable  efletrt  ol  gravity  on  the  Actual  tangent  maximum  grade,  that 
curve  b  tn  a  sense  a  limiting  curve.  iR-cauMc  there  is  a  certain  disadvan- 
titfic  in  even  the  pouibllity  thai  ciin'aiuii-  may  at  limcH  limit  the  trains 
in  advance  of  gradients,  and  hence  n.  ccnuJn  money  value  in  avoiding  it. 

879.  Viewed  from  this  siaiidpnint.  with  otir  existing  cxpciinicnul 
knnwle(^ofcur\-c  ncsiManne.  ull  thiu  r.an  safely  be  Assumed  is  that  an 
allowanc«  of  2  lbs.  \ict  tun  iicr  defcree  uF  curviilure  Is  none  too  great  to 
cover  the  hijilictc  pastt'tU  curve  resistance  at  very  low  speeds,  with  well- 
worn  rails  and  lonjc  tr.iins  of  empty  can,  capecia'ty  on  ea»y  curves.  So 
liif(lt  a  cane  ti.'si>tance  is,  we  may  be  very  cettain.  rarely  reached  in 
practice,  but  that  it  ii  sometime*  reached  is  at  least  possible. 

On  the  other  hanJ,  the  very  lowest  limit  for  the  ri-si»ianec  on  ordi* 

nary  railway  curvature,  under  the  must  (avorabk  circumstances,  at  high 

■  speeds  and  with  new  rails,  is  probably  about  (somewhat  IcH  than)  ^  lb. 

er  dctirce  of  curvature,  falling  on  the  very  shiirpcst  curves,  such  as  on 

the  elevated  railways  of  New  York,  to  something  less  than  \  lb,  per  ton 

^r  dqjrcc;  but  the  latter  turves  arc  out  of  the  ran^  of  ordinary  cxpc. 

ricnce. 

876>  The  assumed  2  lbs.  |icr  ton  of  train  resistance  is  e<iuivalent  to 
o.^  percent  of  grade  and  0,5  lb.  to  0^025  percent  of  grade.  Multiplying 
the  former,  iherefoce.  by  the  degree  of  any  curve,  gives  a  rate  of  maxi- 
mum grade  which  will  certainly  oppose  more  resistance  to  all  trains 
under  all  ciicumiunces  than  the  given  tur\'e  will  on  a  level,  while  mul- 
tiplying the  latter  In'  the  degree  of  curve,  in  the  same  way.  will  give  a 
rate  of  maximum  gnide  which  will  certainty  not  oppose  more  resisumce 
(o  any  train  under  any  circumstKncea  than  will  the  curve,  and  hence  tbe 
latter  will  be.  in  the  fullest  sense,  a  "  limiting"  curve. 

[n  bciween  these  limits  sometimes  the  curve  and  sometimes  the 
grade  may  offer  the  m;)xinium  resistance 

877.  Prom  the  above  simple  dnu  wc  may  construct  ihc  following 
Table  1S8,  showing  the  i>ropcr  limits  of  practice  in  respect  to  maximum 
curvature: 

Table  lES  assumes  that  the  most  which  can  possibly  be  done  to  elim- 
inate curve  resistance  is  to  reduce  the  grade  to  a  level,  which  is  the  case 
witli  an  evenly  b.ilanced  traffic  and  with  long  stretches  of  level  or  undti- 
lating  gradients  having  a  great  deal  o(  curvature.  It  is  evident,  how- 
ever, that  under  the  three  following  conditions,  at  least,  this  Is  not  tile 
case,  and  hen^c  that  tbe  table  will  Not  then  apply : 
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MAXtMVK  AKU  MlMMLM  LIMIT&  FOR  TItX  DECKEU  OF  UurTDeO  CVKVAn'kK 

o.t  Vahious  GiiaIix». 

[Uelne  the  dr^ren  of  llio  I'urvra  which  niUlnly  will  and  orrLiinlji  aill  doI  ouw  % 
fiMlei  rei&Uinicon  a  Irrrl  I  Kin  a  psttt  taQ^tnt  ratcof  nwiimuni  |;nu]i',  Subjcci  Ip  Uie 
llmjuiinnk  of  p"^  8;^  ''  "/■] 


Tahcckt  M 

AnHiill  GvADV. 

Diotia  cv  HAnituia  Cdkvs  «■  t.  Lava. 

Wllith  will 

vJilihTcnidBly 

Pir  Mil*. 

otruinly  livn  no 

will  bin  ■  hniiint 

PtrCui. 

limiting  cllcct 

rflm  on  ■!! 

t>B»n)t»i»in  undsr 
■ay  cuCDiaiiuicfi. 

mini  ondir  all 

circuniLtBccf. 

0.1 

s.aa 

I* 

S-    . 

o.s 

10.  Jb 

3* 

0.3 

)S-84 

S" 

!»' 

0.4 

ai.ii 

4* 

|6* 

0.5 

afr.40 

§: 

90* 

o.S 

3I.6S 

54" 

O.J 

36.9(1 

7* 

0.8 

41. K4 

B" 

.  .- 

0.9 
1.0 

Sa-So 

■? 

■•■ 

«IC. 

«K. 

•tc. 

Pis.  »4t. 


078-  I.  Oil  a  lonft  maximum  (trailc.  tif  any  con!ii(]erab!«  tiitc  we  can, 
U  neccssar)'.  not  only  reduce  it  lo  a  level,  but  break  the  ^raik  to  a  dc- 

goent.  as  at  B&,  Fig.  191.  and  in  this 
way  completely  elimiiiRic  the  limiting 
effect  of  the  cone  rcsisUmcc  of  aiiy 
curve.  Imwrvcr  itharp:  for  we  liavc  to 
consider  ic»itis  in  one  direction  only. 
To  descending  trains  llic  break  of  grade  cm  (ordinarily)  ilo  no  harm. 
On  such  a  grade,  iheicforc.  there  i«  no  reason  why  any  cur%c  wliaicvcr 
should  not  he  used,  so  far  as  the  limiting  eRcet  n!  it«  renisuuicc  is  con- 
eemecl,  and  (lie  other  two  ciiusci  alone  (par.  86$)  justify  fixing  a  limit  of 
radiuit. 

I.  When  tiip  (jrade  iii  level  or  slightly  undulating  for  a  considerable 
dintanee.  and  ihi-  iiereenlaBc  of  curvature  is  not  too  great,  some  little 
nssisiance  at  le.i'it  fioni  nonicntiiin  may  be  relied  on,  to  eliminate  a  pot- 
tion  ol  the  rcsisianec  of  very  sli.irp  curves. 

3.  When  the  hiirdcn  nf  traflii:  is  heflvily  in  one  direction,  as  in  min> 
eral  traflit.-,  evi-n  with  nearly  level  grades  and  with  no  assistance  from 
momentuits.  quite  .iharp  curves  c^n  be  used  wherever  ilie  necessary  com- 
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'pensai^sn  to  equanu^  Ui«  curve  resisUnce  lor  .luiiis  -.;iajC,,j  in  otu  direc- 
tion con  be  madu.  ticcuu^c  the  loaded  trains  lotuni  light  with  s  surplus 
cf  oiolivispuvrur 

879.  Summarizing  our  conclusions  as  t3  limit  of  maximiiin 
curx-atiire.  wc  Iiavc  loundr 

1.  That  there  is  rarely  (although   there   i:  sometimcf)  real 

'  Qifflculty  in  uaing  engines  of  any  desired  power,  of  type;;  npproxi- 

Itatc  for  efficient  service,  on  any  probable  aiigniucnt,  and   (pur. 

S85)  that  on  curves  below  10"  or  11"  there  is  no  diHtculty  what* 

ever. 

3.  That  those  railways  are  the  exception  (although  they  do 

'exist)  on  which  any  probable  lo&s  of  time  from  the  necessity  of 

slowing  up  at  sharp  curves  will  be  n  matter  of  much  linaociol 

jportance.  and  [hat  the  gain  in  this  respect  by  any  modifica'- 

rUoa  of  curvature  ordinarily  possible  ts  much  less  ib&ii  is  su)>- 

posed. 

3.  That  ail  danger ot  limiting  effect  upon  the  weight  of  traiac 
from  sharp  curvature,  within  tlic  limits  spccilicd  in  Table  t83, 
can  ordinarily  be  avoided,  and  that  these  limits  aflord  sufltcient 
range  for  using  those  curves  which  best  fit  the  ground  under  all 
■ordinary  topographical  conditions. 

4.  That  the  difference  in  danger  of  accident  which  is  liable 
to  result  from  any  modifications  of  curvature  ordinarily  possible 
I::  too  small  for  estimation,  as  an  element  justifying  additional 
expenditure. 

5.  That  the  effect  of  any  diffcrenccof  radius  on  the  expens«t 
due  to  wear  atid  tear  and  consumption  of  fuel  per  train-milc,  inc 
dq;rees  of  central  angle  remaining  ihe  .same,  is  proliably  either 
tutor  in  favor  of  sharp  radii;  but  tliul  whether  this  be  so  or  Hoc 
(par.  951)  is  a  question  which  should  be  allowed  no  weight  what- 
ever in  fixing  on  a  limit  of  radius. 

6.  That  the  effect  of  shorter  radii,  if  they  have  any,  to 
lengthen  the  line  or  increase  the  degrees  of  central  angle,  or 
bothf  through  the  different  location  wliich  naturally  results,  is 
likewise  a  matter  which  does  not  directly  affect  the  question, 
although  it  often  may  indirectly. 

880.  We  may  likewise  close,  as  we  began,  with  another  very 
important  conclusion: 
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7.  That  the  natural  tettil<tuy  t/  iufxpfriftutd  eitgineers  it  to  g4t  to 
txtrtm<s  in  the  matter  f/  curvature,  tilhtr  sf^miing  ttv  mu<h  monty  Iff 
Main  easy  (unvitiire,  er,  vAeit  eoitviiteeJ  thai  that  is  imfditic,  going  la 
the  other  extreme,  introifitti/ig  recklettly  more  and  tharfer  eurvature 
than  there  is  any  real  netetsity  far ;  ia  both  eaiei  alike  failing  to  ptrteivt 
and  Hiitite  to  the  utmost  the  top^graphital pasiibilitiet. 

fiSI.  It  may  at  (ii-st  siccln  appear  to  follow  from  the  aggregate 
of  tills  summary  iliat  there  is  little  reason  to  lix  any  minimum 
limit  whatever  to  the  milium  of  curvature  except  the  physical 
limit  of  the  capacity  of  the  locomotive,  and  this  is  so  far  correct 
that  it  is  entirely  indefensible  (o  srART  OUT  UPON  SURvevs  with 
a  limit  determined  in  advance,  or  to  udliere  to  a  limit  at  every 
point  because  iit  all  but  one  or  two  points  lltcrc  is  little  diOtcuIty 
In  so  doing.  If  at  such  exceptional  points  a  large  expenditure 
is  necessary  to  adhere  10  it,  ilic  expenditure  should  not  be  made 
without  a  correspondingly  good  reason.  Id  such  .1  case  we  are 
justified  in  making  a  moderate  additional  expenditure  for  the 
mere  sake  of  a  uniformity  whicli  may  prove  ndvaniageous  for 
operating  certain  engines  or  for  certain  high  speeds;  but  it 
should  in  general  be  a  very  moderate  one, 

862.  In  view  of  the  ever-present  danger  of  overloading  the 
capital  account  of  new  enterprises,  the  better  course  in  such 
cases  is  to  build  a  light  holil  tine  for  a  short  difiance,  Uid  out 
with  the  idea  that  it  may  be  subsequently  improved  if  desired, 
and  if  means  exist  for  doing  it,  in  the  manner  elsewhere  dis- 
cussed (par.  183  tl  al.). 

Nevertheless,  it  is  not  true  that  the  conclusions  summarized 
above  dn  not  warrant,  under  nil  ordinary  circumstances,  the 
maintenance  of  a  reasonable  and  moderate  limit  of  cttrvature  ; 
considerably  more  favorable,  if  their  spirit  be  closely  adhered 
to,  than  has  been  adopted  without  adequate  necessity  on  many 
lines.  For,  although  each  of  the  conclusions  specified,  taken 
separately,  does  not  warrant  the  fixing  of  arbitrary  limits  to  be 
adhered  lu  at  large  expense,  yet  they  do  in  the  aggregate  indi- 
cate, ns  common-sense  also  indicates,  that  reasonably  easy  curva* 
turc  is  a  matter  of  much  absolute  although  possibly  of  small  rela- 
tive importance. 
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8B3.  The  true  conclusions  lo  be  drawn  may  perhaps  be  better 
put  in  (his  way  : 

8,  That  A  STAMDAXQ  HARMONIZING  WITH  TKB  NATURAL  TOPO- 
UXAMIIlIAt.  CKAKAC'TCKISTICS    AND   KEADtl.V    A|IAI*TAI11.K    TO    THI^M 

is  tl)c  only  riglit  and  proper  one,  until  llic  topography  btrcomc^ 
>o  fugged  that  ihe  physical  limit  of  the  capacity  of  the  tocomo- 
live,  of  the  class  and  at  the  speeds  practically  required,  begins  to 
be  approached,  This  is  true  both  in  letter  and  in  spirit,  and 
should  be  rigidly  adhered  to.  Whenso  adhered  to  it  will  rarely 
cause  embarrassment,  (or  there  is  usually  a  certain  natural  limit 
of  radius  which  can  be  obtained  without  much  difficulty  or 
expense,  and  except  in  cxircmcly  rugged  mountainous  regions 
this  limit  will  rarely  be  a  high  one.  This  implies  that  the 
limit  should  be  varied  from  point  to  point  along  the  line,  as 
the  general  character  of  the  topogrnphy  varies,  and  the  sharp 
curvature,  so  far  as  po&sible,  bunched. 

•84.  In  proportion  as  the  natural  limit  of  radius  is  favorable 
the  justifiable  expenditure  to  obtain  a  still  more  favorable  limit 
decreases  rapidly,  and  it  can  never  be  amiss  to  bear  in  mind  that 
there  is  no  case  on  record  where  a  railway  has  been  brought  to 
bankruptcy  by  the  expenses  resulting  from  sharp  curvature,  nor 
is  there  any  likelihood  that  there  ever  will  be  such  a  case,  while 
the  instances  are  many  where  companies  have  been  bankrupted 
by  their  expenditures  to  obtain  easy  curvature.  Hence,  since 
the  money  of  even  the  richest  corporations  is  limited,  and  in  the 
case  of  new  roads  almost  always  more  limited  in  proportion  to 
its  needs  than  its  over-sanguine  projectors  have  any  idea  of,  true 
wisdom  rec|utres  that  the  available  capital  should  first  be  devoted 
to  the  really  important  ends — getting  close  to  and  well  into  the 
large  towns,  getting  suitable  terminal  facilities,  getting  low 
grades,  building  what  is  built  will,  protecting  the  public  and  th« 
railway  company  at  once  from  danger  and  loss  by  proper  inter- 
locking apparatus  at  grade  crossings,  or  by  under- and  over-cross- 
ings, rather  than  by  expenditures  for  some  fanciful  standard  or 
curvature,  which  probably  makes  the  largest  addition  to  the  cost 
of  construction  of  any  detail  and    (for  any  change  within  the 
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power  of  the  engineer  at  any  cost  whatever)  the  smallest  additian 
to  either  the  safety  or  econotny  of  opciation. 

ees.  TtK  argumcal  in  favor  of  fioap'.inK  curvature  to  the  nat- 
ural topography  of  the  country  is  greatiy  mreotlitfaened  by  the 
fact  that  sharp  curves  frequently,  if  not  unlvensuy,  KEHDEa  ro>- 
9lltl,ll  tX>WEK  RULING  CRADIRNTS  IX  DIFftCfLT  COUNTRY  and  CritCB 
permit  the  use  of  oihcrwiie  f^ivorablc  routes  which,  withuut  thi.- 
concession  to  natural  conditions,  would  be  wholly  impractija'nle. 
The  writer  could  readily  mention  a  number  of  important  b- 
slances  of  the  kind  from  bis  own  eKperiencc. 

680.  But  because  other  ends  are  more  important,  tbts  is  oot 
therefore  unimportant.  Becauseit  b  unjustifiable  to  expend  any 
large  proportion  of  (he  available  capital  for  this  cod,  it  does  not, 
follow  that  a  ven>'  large  proportion  of  the  timk  otvc?  to  stntTCTi 
sbduld  not  be  devoted  to  it.  Almost  invariably  it  should  be.  sod 
the  engineer  who  finds  himself  in  rough  country  devoting  htU« 
thought  and  time  to  saving  every  degree  of  curvature  possible 
may  be  tolerably  sure  that  he  has  fallen  into  that  most  danger 
Otis  fault — blindness  to  its  undoubted  and  great  dlsadvant^ges- 

8d7.  It  Is  to  important  thst  the  proper  oourec  in  re^>ect  to  fixing  ar 
biirary  hmits  of  curvature  EhoutH  be  »o  plain  nx  tn  be  Tully  underytocd, 
tlai  we  may  profitably  aiM  a  word  as  to  the  specific  manner  in  wUdl 
these  conclusions  are  frc({ucntly  violated,  and  the  error  io  doing  so. 

Many  thousands  of  miles  on  thisand  other  continents  have  bcentoBt 
Oft  standards  of  grades  and  curvature  doady  approximating  to  ihir ; 

I.  No  fcntde  shall  under  any  circumslancs  exceed  60  ft.  per  mik. 

X  No  curve  iliall  under  any  circunutanees  exceed  6°.     Bur, 

3.  Tbcsc  limits  may  be  freely  used  in  combination  with  eac^  other: 
ie.,  6'  curves  may  be  inserted  in  unreduced  60-fL  grades. 

This  precise  standard  has  been  perhaps  morcuscd  in  this coct^liy  than 
any  other  one  comMnation.  It  was  used  on  the  Kric,  the  Cmcinnaii 
Southern,  tlie  Clicsapeake  A  Ohio,  the  Blue  Ridge  of  South  Carolina,  and 
along  list  of  other  nxidt  of  tes* engineering  pretensions:  having  been 
copied  from  one-  to  another,  apparently,  without  mocb  refcard  to  topo- 
graphical requirement* — perlutps  because  iIm  round  figures  and  the  al- 
iitcratiun  of  the  6's  had  a  certain  charm.  Far  less  defensililc  combina- 
tions have  been  tile  rule  thnjaglioul  the  vast  expanse  Of  the  Uississippi 
Valle-r  frora  the  causes  alluded  10  on  page  fr—such  as  a*  01  3°  or  4*  hmUs 
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ofGurrature  with  401080(1.  gr»da(o.8  to  1.5  percciil):  1>ut  it  slmuM  l>e 
added  that  in  general  thetopography  favors  long  radu, and  Uie  chief  error 
haa  been,  not  the  radiui  o(  curvature,  but  the  rcckleaa  aacritlces  ol  gradi* 
CDta  to  save  degrees  of  central  angle. 

868.  Wc  tiave  already  dcicrniincd  (par.  Si;}  that  the  use  of  unreduced 
curvature  on  a  maximum  grade  ii  never  dcfenKJblc.  Except  that  it  has 
been  done  in  «uch  repealed  instances  atid  on  so  Inrgc  a  scale,  it  would  seem 
incredible  that  any  one  cimlit  ipcnd  tur^  Kums  o(  money  10  keep  ciirvur 
lure  down  to  6°.  and  grade!!  down  tu  OofLper  mile,  and  yet  pile  one  upon 
the  other  freely.giving  in  cflect  a  ?»■'*■  grade.  We  may  njore  cleartysee 
the  folly  of  il  by  an  example  from  hmnlik-  lite.  Suppowe  some  plain  coun- 
try- farmer  tliould  find  that  his  team  could  just  draw  him  up  a  Mccp  hill 
through  mud  a  foot  deep,  and  should  forthwith  draw  two  condusiona — 
that  it  could  not  draw  him  up  any  niceper  hil)  without  any  mud.  nor 
through  any  deeper  mud  without  any  hill:  should  we  not  tiiink  the  man 
tea  intcUif^ni  than  t)ic  bcasu  he  drove?  Ycl  this  \s  precisely  what  has 
been  done,  aitd  to  some  extent  is  still  done,  on  thousands  of  milc»  the 
wo«Id  over,  by  cngmccrs  u[  standing. 

889'  Pawing  this  error  as  no  longer  likely  to  be  oommilted.  let  us 
oonsidcr  the  propriety  and  ellcct  of  the  joint  standard  of  60  ft.  per  mile 
and  tt£i>LiCKl>  i>°  curves  maxima : 

A  60  ft.  per  mile  grade  Is  1.14  per  cent.  If  wc  may  use  6'  cun-cs  on 
UKh  grudcs  by  reducing  tlicm  10  0.96  or  o.Bj  pet  cent  (o.oj  lo  0,0^  per 
cent  per  degree  cf>m]>enst ion),  which  i»thc  l.irgcst  compensation  usecl  by 
those  who  adopt  sucli  stamUrds,  wiiv  should  wc  not  feel  Irce  to  use  some 
»har^r  curves  witri  more  compensation,  or  on  a  dead  level,  if  wc  can 
thereby  save  some  money  10  put  where  it  will  do  more  good  ? 

890,  The  answer  can  only  be  one  of  four  reasons: 

1.  A  7"  or  8"  or  10°  curve  of  equal  angular  length  will  be  «o  much 
more  costly  in  wear  and  tear,  that  on  no  iiingic  curve  can  the  saving  \t\ 
COM  for  construction  pay  forihclos*  therefrom.    Or, 

2.  A  few  such  curve*,  even  if  fully  compcnMtcd.  will  in  some  unex- 
plained way  so  limit  trains  that  the  siune  engine  cannot  do  the  same 
«rork.    Or, 

J.  They  will  cause  such  loss  of  time  (rom  slowing  up  (and  certainly 
require  slowing  up)  that  »  loss  of  speed  involving  greater  Iom  of  traffic 
than  the  value  o(  any  possible  saving  will  result.     Or. 

4  They  arc  so  exceedingly  unsafe  to  operate,  compared  with  a  6*, 
thai  in  no  case  can  the  additional  danger  therefrom  be  repaid  by  an  ade- 
<(uate  economy  ta  construction. 
4» 
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891.  There  is  no  escape  from  accepting  one  or  more  horns  of  this 
double  dilemma  if  such  a  standard  is  to  be  justified  at  all ;  and  probably 
no  man  would  havethe  hardihood  to  attempt  to  maintain  anyone  of  them 
for  explicit  reasons  given.  It  is  not  thus  that  such  utter  and  evident 
blunders  as  this — which  simply  to  state  their  nature  clearly  is  to  con- 
demn— have  come  about ;  but  rather  by  the  vague  process  of  jumping  at 
conclusions  outlined  in  par.  245 — that  "the Railway  is  to  be  first- 
class;"  that  "nothing  over  6°  curvature  la  generally  considered  first- 
class  ;"  ergo,  etc.  etc.  The  fact  that  most  of  the  great  trunk  lines  have 
8°  to  io°  curves  (Table  116),  and  that  the  lines  which  have  set  up  such 
purely  arbitrary  standards  have  been  to  a  very  lat^e  extent  lines  of 
a  secoadary  class,  increases  the  obviousness  of  the  error  committed. 
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CHAPTER   XX. 


THE  CHOICE   OF  CKAUIBNTS,    AM)    UEVICEB  FOB    REDUCING   THEM. 


8M.  W'fc  have  seen  ciciirly  enough  in  preceding  chapters  ihat 
ihv  gradients  arc  llie  one  thing  umong  the  purely  engineering 
details  on  whkh  the  engineer  should  concentrate  his  attention, 
subordinating  ihtm  only  to  the  end  of  reaching  the  sources  of 
traffic,  if  even  to  thai. 

We  have  seen  also,  in  Ch^p.  XVII.,  ihat  the  use  of  a&«isiant 
engines  for  sliorl  di.siances  n-itlt  low  ruling  gracle.t  elsewhere,  is 
generally  prefciablc  lu  a  uniform  through  grade,  both  topo- 
graphically and  financially;  for  the  reason  ihat,  do  the  best  we 
can,  a  uniform  grade  mvist  usually  approximate  pretty  closely  to 
the  rate  of  ihe  pusher  grade  if  it  piisxes  over  the  Siimc  Mimmit, 
and  byndopiing  it  wethrownw^y  the  advantage  of  the  low  grades 
on  nil  the  rest  of  the  line,  which  may  be  had,  as  it  were,  for  nothing. 

893.  Having  recognized  these  abstract  truths,  however,  the 
next  thing  is  to  apply  them,  and  here  we  pass  beyond  the  point 
where  specific  instructions  can  be  easily  given,  since  the  circum- 
«Unce$  will  vary  on  every  line.  A  great  part  of  the  danger  o( 
error  has  been  overcome  when  Ihe  comparative  importance  of 

I  the  various  details  has  been  realized,  but  even  with  that  advan- 
tage the  inexperienced  engineer  is  almost  certain  to  conclude 
that  a  certain  grade  is  the  lowest  attainable,  when  with  longer 
practice,  or  more  skill,  or  harder  work,  or  less  self-confidence, 
he  would  readily  obtain  grades  a  third  or  a  half  lower  at  the 
same  cost,  and  not  unfrequentty  at  less  cost. 
W4.  There  is,  however,  one  general  rule,  which  directly  re* 
suits  from  what  has  preceded,  and  whicli  comes  so  near  to  being 
an  infallible  guide  for  the  correct  projection  of  lines  in  the  field 
that,  as  a  rule,  the  engineer  should  follow  it  strictly,  deviating 
from  it  only  for  very  good  reason,  viz.: 
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/■'iff/fiif  that  rouu  ichkh  ajfcrdi  the  easiest  pos&ible  r.RAoes  pok 

THE  LtJSlitST  PIII^IBLC  IHSTANCKS,  «««C  '*  '-**>'  "•*'  ""^  aiWUHtl   of  _ 

Jistanif,  (Htvalurt.  aitJ  rise  and /all  at  may  if  iu((Siary,  and  thtn  pas 

OVER  THE  tNTKRVENIKn  DISTANCES  ON  SUCH    CRAOU  AS  ARK    TIIKW 
FOUND  NECESSARV. 

This  law  is  to  be  upplicd  with  intelligence  and  not  pushed 

too  far,  but  so  (ar  as  there  can  be  said  to  be  any  universal  and  ^m 

fundamental  law  for  location,  tliis  is  such  a  tan*.  ^| 
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800.  When  the  higher  grades  are  in  danger  of  exceeding  2  per 
cent  01  3j  per  leui,  it  is  to  be  accepted  only  with  great  cau- 
tion, and  anything  beyond  3  per  cent  will  be  probably  bad  prac- 
tice, except  in  very  motintainotis  coiinin'.  As  a  line  falls  below 
100  mites  in  length  the  economy  of  using  pushers  decreases,  and 
>tic  pruciical  advantage  of  a  uniform  gradient  increases.  fl 

Accepting  this  general  rule  as  an  axiom,  our  problem  then 
divides  itself  into  two  parts: 

I.  How  to  obtain  the  lowest  possible  low  grades. 

1.  What  to  do  as  to  the  rates  of  the  high  grades. 

HOW   TO   PROJECT    LOW   CRADE3. 

696.  Cnn.iideriittr  only  a  naturally  low-grade  couatT>-  with  no  long- 
continued  axceiitx  to  encounter,  but  only  a  more  or  less  rulliag  topog- 
raphy, three  (ourtlis  of  almost  every  line,  or  of  the  part  tliereof  lyinij  in 
such  low  Lounttv.  will  naturally  admit  of  an  extremely  low  gradient,  il 
•ome  coDsMenible  lateral  deviations  to  throw  the  line  into  a  generally 
favorable  country-  aie  considered  admissible,  as  they  ought  to  be.  so  that 
MKh  alteinues  between  any  two  points  as  Lbo»c  sketched  tn  a  nide  scale 
„3  in  Fig.  193  arc  considered 

ax  prima  faeit  equally  cli- 
^^  giblc.  To  obtain  the  same 
grades  00  the  retnuining 
fourth  will  often  inTotve 
some  disagreenbte  sacrifices,  especially  wlicn.  as  no  ofteu  in  the  Western 
Slates,  we  cjin  take  iiii  air-linc  b)'  acecptirig  1  per  cent  or  li  per  cent 
grades,  il  we  iitc  (tioiisli  enough  to  do  so. 

These  dioiKreeable  sacrifices,  however,  otiglit  ordinarily  to  be  met. 
even  to  ihc  extent  of  doubling  ihc  distance  on  one  qtiarter  of  the  tine  if 
we  ran  ihcreb}-  reduce  the  grades  to  half  as  high  a  rate.    We  shall  then 
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simplj'  have  a  line  1 1 3^  miles  long  with  0.5  per  cent  grades,  as  against  a 
line  100  miles  long  with  1.0  per  cent  grades.  TIte  former  is  immensely 
preferable  from  every  point  of  view.  But  usually  a  smaller  sacrifice  will 
make  s  greater  gain. 

897.  Let  us  consider,  for  example,  the  case  of  a  long,  tow  ridge  or 

■well  in  a  generally  flat  country,  wiiich  cannot  be  run  around  at  all,  by 

any  device,  since  it  continues  indefinitely.     Assume 

Q\         this  swell  to  be  three  miles  across  and  50  feet  high 

1^        by  the  grade-line,  after  making  as  large  cuts  and 

\  tills  as  seem  expedient  at  A,  B,  C,  and  D,  Fig, 

I  194.     A  tangent  over  this  ridge  will  give  the 

*<  profile  shown  in  Fig.  195.  with  two  miles  of  1 

per  cent  grade  and  a  mile  of  level  intervene 

The  exaggerated  vertical  scale  makea 


Fjg.  19s. 

PLMI  and  PtOFILB  or  A  BlIBAK    IN    A    LoKG  TAKOINT  TO    PASS  OVE*  A  LONC,    Low  RlDQI  IM 

Flat  Coi'wthv. 

the  rise  seem  considerable,  but  on  the  ground  it  will  be  hardly  percep- 
tible to  the  eye  as  an  objectionable  feature  to  the  railway  line. 

This  is  especjallv  likely  to  be  the  case  because  the  ground  approach- 
ing such  a  rise  will  not  ordinarily  be  on  a  dead  level,  but  is  more  likely 
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to  hnve  ttbout  half  as  sieei>  a  ri«c,  perhaps  for  a.  loflg  distance  hack,  giff- 
inii  ii  loriK  o.)  grade  appr»aclimg  ihc  ridge.  This  we  will  essumc  \o  br 
the  ctMf.  as  iilw  ibat  except  Tor  thi:e  fwcll.  and  a  (cw  others  like  ii,  ihe 
cxsgriidc  might  be  the  tnuximum  of  the  wliole  tine.  Such  condition* 
hitve  eiistcd  on  thousands  of  milet. 

690.  Now  to  the  eye  of  a  country  (armpr,  and  to  the  eye  of  manjr  an 
engineer,  perliapi.  who  may  Inspect  the  line  during  construction,  as  it 
runs  over  the  surface  of  an  apparently  flat  cornfield,  thi*  whole  region 
will  seem  practically  a  dead  level.  In  tbe  Titat  place,  the  long  o.;  ap> 
prouch  will  invariably  be  taken  by  the  eye  to  be  a  level,  or  pertupit  ev«n 
(by  wcll'kiiown  optical  illusion)  a  alight  descent.  This  at  least  takes 
ofl  a  full  half  of  the  apparent  vertical  angle,  and  hence  of  the  appaient 
height  of  the  ridge:  and.  more  probably,  there  will  seem  to  be  a  alight 
dipof  the  ground  toward  the  ridge  and  merely  a  corresponding  rise  be- 
yond it.  In  the  second  pl.-icc.  even  if  the  approach  were  a  dead  level,  a 
rise  of  only  i  per  cent  in  a  natural  surface  seems  to  the  eye  a  very  small 
thing,  especially  before  the  track  is  laid,  so  that  it  would  seem  ridiculous 
to  turn  four  right  angles  ■■  for  nothing"  and  lose  two  or  three  mile*  o( 
(littanoe,  at  the  cost  of  four  such  ugly  curves  through  the  cornlielda  aa 
are  shown  in  Fig.  194. 

099.  Ncvenhelcss.  underall  the  given  circumstances,  that  is  prk- 
ClSEl.v  TiiK  THING  TO  OO.  The  Very  fact  of  the  long  0.5  appmach. 
which  diminishes  the  visible  neecwiiy.  makes  ii  the  more  essential  to  do 
ao,  because  it  forbids  u«  to  resort  (o  the  assistance  of  momentum  to  sur- 
mount the  ridge,  which  oihcrwise.  l)y  approaching  the  foot  of  it  at  jo 
mdcs  per  hour  and  reaching  tbe  top  at  1%  would  take  off  {Table  ttS) 
}l-93  ~  3-S5~  -S.40  verticiil  feci,  iini)  t>ive  nc  out  of  our  1  per  cent 
grade,  a  virtual  profile  of  0.5  per  cent,  with  somcihing  to  iiparc. 

900.  On  arriving  at  the  point  W.  therefore,  even  if  it  be  with  a  3^ 
mile  tangent  which  might  be  continued  for  30  niilei  more  by  running 
straight  over  the  ridge,  a  sharp  turn  to  the  right  of  something  over  te* 
shiiui<l  be  made  in  the  flat  cornfield,  on  about  a  3'  curve,  for  tlie  aoJe 
purjMJse  of  lengthening  out  ilic  oncmilc  ascent  into  two  mites,  »o  as  to 
give  half  ttic  grade.  To  stari  the  curve  A  fanhcr  back,  aa  shown  by  tb« 
dotted  line  .-r,  so  as  to  diminish  the  central  angle.  wouM  do  no  good, 
but  raihcr  destroy  ihc  ven,'  purpose  of  the  curve,  which  is  togainiiit- 
(anet  bttvittn  A  and  It  and  not  to  reach  If. 

When  the  line  reaches  B',  another  curve  of  Go*+.  in  another  com* 
field,  brings  it  back  aj(:iin  parallel  with  itself,  but  nearly  two  miles  off. 
In  a  mile  more,  a  third  curve  of  60*+  enables  il  to  descend  the  ridge  on 
the  o-S  maximum  by  losing  anoUlcr  mile  of  distance,  and  at  D  anotlMr 
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curve  of  60'  +  brings  it  hack  to  its  proper  position :  giving  In  all  >  mllei 
fnterpotaieti  distance  in  a  dUtjincG  of  3  milet,  250°  of  curvature  where 
before  there  was  o»nc.  and~wh.it  would  sometime;  be  the  hardest  blow 
o<  all — utterly  ruining  the  60-inlli;  tangent  which  had  been  run  In  ex- 
actly siraight  b>-  foresights  only;  and  all  (or  the  sake  of  obtaining  a  line 
•o  ugly  that  numerous  fingers  of  scum  may  well  be  [lOintcd  at  it. 

90l>  And,  no  doubt,  the  same  end  might  ordinarily  be  accomptishcd 
In  sucli  a  case,  in  some  more  pleaiilng  and  economical  fashion :  as  by 
ttriking  the  ridge  ubli<iue1y  with  the  line,  or  in  such  manner  that  tlw 
dotted  line  CB".  Fig.  194.  might  be  used  for  the  descent,  so  as  to  utilize 
■noMt  of  the  otherwise  waatc  distance.  Or.  by  going  further  back  and 
twinging  tlK  line  at  this  point  to  or  10  miles  to  the  nonhor  south,  better 
ground  may  be  obtained  with  less  aggregate  toss  of  distance  (Pig.  193) 
than  on  (bis  three  milco  alone.  The  instance  has  purposely  been  made 
tomewliat  extreme  in  this  respect  to  enforce  the  principle.  Bui  in  an- 
other sense  it  is  not  extreme.  IK  none  of  these  things  can  be  done  10  ad- 
rantiigc.  if  there  i«  nothing  to  lie  gained  bydcvintinc  from  an  nir-line  be- 
tween IHO  points  too  miles  apart. and  ir  this  air-line  will  admit  of  0.5  grades 
each  way.  except  for  one  or  two  or  three  or  five  or  six  s  jch  ridges  us  that 
described,  then,  as  between  the  air-line  ./}/>.  which  will  gii-e  a  surface- tine 
hundred-mile  tangent  on  1  percent  gradejinnd  six  breaks  like  AB'CD. 
Fig.  194.  which  will  introduce  1 500"  o(  curvature  and  lose  12  miles  of 
distaiKe.and  break  the  hundred-mile  tangent  into  fivc-and-lwenty  pieres, 
bul  give  o  \  per  cent  gntdes — the  n^ly  and  crooked  line  i*  beyond  aU 
powtbtlity  of  question  in  e\'ery  instance  the  line  to  uikc.  as  of  ver)-  much 
greater  operating  value,  unless  the  Imc  be  an  exception  to  most  Ameri- 
can roads,  by  having  a  preponderance  of  passeniier  traffic,  which  is  both 
large  and  competitive.  Almost  every  general  principle  connected  with 
laying  out  railways  a<lmt[s  of  more  or  less  doubt,  anc)  requires  exceptions. 
This  particular  example  .idmits  of  no  doubt  ami  requires  no  exceptions. 

902.  For.  corapuiing  the  values  of  the  lovm  and  gains,  we  have — 

Yearly  saving  by  avoidiue  an  increase  of  o.j  per 

cent  in  aos  gnule.  by  Table  i?8.  [kt  daily 

Uain,  (4.300  xjEz. $11,500  00 

Pir  t^Mlra  : 
CoK  o(  1 500*  of  curvature  by  Table  1 1 ;.  per  daily 

train.  $0  4JJ  X  1500- $649  S* 

CoHol  13  milesof  distance,  by  Tabic  S9.  per  daily 

train.  $390  X  13= 3.48000—     4.IS!>  S" 

DilTerence,  brine  excesf:  of  value  at  the  low  grade- 
line,  with  SIX  such  breaks  of  tangent  aa  la 
shown  in  Kigs.  194.  iss./'^ '*''^  "''"" •    ■     ♦'7.370  50 
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This  isequivalent  to  the  addition  of  a  capital  sum  of  nearly  tssojooo  [at 
5  per  cent)  to  the  value  of  the  property,  or  tsjt^o  per  mile,  per  daify  train. 
For  ten  daily  trains  each  way  the  line  will  pay  interest  on  $35,000  per 
mile  lai^er  valuation. 

This  assumes  that  all  trains  are  affected  by  thediSerence  in  gradient^ 
as  by  ibe  difference  in  other  details.  No  passenger  train,  however,  would 
under  any  circumstances  be  much  benefited  by  the  reduction  of  grad^ 
so  that  if  one  quarter  or  one  half  the  trains  are  passenger  trains  the 
estimate  siiould  be  corrected  correspondingly.  On  the  other  band,  no 
credit  side  whatever  has  been  assumed  for  the  loss  of  distance,  whereas 
there  must  always  be  some  (par.  227  el  stg.)  and  often  enough  to  vipe  out 
the  debit  side  altogether.  How  the  account  will  then  stand  is  worthy  of 
careful  study. 

903.  This  example  makes  it  clear  that  the  assumption  may  be  still 


Figs.  196,  i97.~Plak  anp  Phokil*  of  a  Bibak  in  *  Lobg  Tabgbkt  to  obtaim  0.4  n»  cmi 

IS^TAAU  OF  1.0  mK  CKHT  GbADIS. 


more  extreme,  as  by  assuming  that  the  attainable  through  grade,  except 
at  a  few  such  points  as  this,  is  0.4  per  cent.  We  then  have  the  condi- 
tions of  Figs.  196-7,  if  we  are  to  obtain  0.4  per  cent  in  the  same  way; 
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the  lateral  deviation  from  the  air  line  being  3.39  miles  and  the  losa  of 
distance  at  each  such  point  3  miles,  in  an  aiMine  of  3  milea.  Even  in 
that  case  three  or  four  or  even  five  such  points  niiglit  be  stood  before  it 
was  concluded  to  give  up  the  low  grade,  but  at  six  the  loss  of  distance — 
18  miles*— would  be  too  fjreat,  threatening  to  discourage  traffic,  and  the 
indication  would  be  very  strong  that  a  different  general  route  should  be 
chosen. 

904.  The  general  principle  which  should  govern  the  laying  out  of 
low  grade-lines  or  sections  of  lines  cannot  be  made  much  clearer  than  by 
these  examples.  The  difficulties  of  obtaining  a  low  grade  are  ordinarily 
confined  to  a  few  paints  on  the  seaion.  Adopt,  then,  the  rate  which  can 
be  obtained  without  much  difficulty  on  three  fourths  or  four  fifths  of  the 
low  grade-line  or  section,  and  concentrate  attention  on  the  rcmainiler 
with  the  determination  that  the  low  grade  must  BE  preserved 
THERE  ALSO,  if  in  any  way  possible.  A  way  will  generally  appear  after 
careful  study,  and  a  very  much  neater  one  than  that  sketched  in  Figs. 
194-197. 

905.  Much  of  the  lamentably  prevalent  bad  practice  in  such  detail*  as  we 
have  been  considering  comes  from  the  fact  that  Che  line  is  studied  in  detail  only, 
or  bit  by  bit.  and  not  as  a  whole,  as 
it  should  be.  If  we  allow  ourselves 
10  think  only  of  the  threc-Riile  stretch 
AD.  FiKS.  li>4.  196.  173.  and  think 
of  the  consequence  of  throwing  the 
line  out  10  C  B  to  pass  from  A  to 
D.  the  mind  revolts  from  il  at  once. 
The  rectangle  CCBB.  Fig.  198,  ob-  / 
tmdes  iiseil  upon  the  mind  while  ^ 
the  project  is  inchoate,  and  thus  the 
mind  is  more  repelied  bj  ii  than  when  the  complete  line  ic  laid  down,  as  may 
be  seen  ai  once  by  comparing  Fi^.  19^  and  i<>4,  which  are  really  "  similar  "  Ut 
each  olher.  alJiVugh  iner  do  not  look  it.  If  the  mind  were  able  to  take  In  in 
due  propc^ioa  the  *aR  y  grealer  distances  on  each  side  which  are  not  injuri- 
ODs'y  aSecied  at  al!.  while  ibey  are  made  passable  (or  twice  ai  heavy  iraini  there- 
Dr.  the  ob;ect:'jr.s  \'>  :he  deriation  would  at  once  begin  \n  fade  away.  But  this  ihe 
mioi  caoooi  d^  with'^-.:  v-iat  assistance,  which  is  one  ai  the  many  reason*  why 
SH  ILL  >c«Ll  map*  ar.d  ix  tLL  ^ale  pro61cs  stioDid  be  kept  up  duriag  the  prog- 
lest  •--'.  >jiieTS  w:ts  cres  pcaier  care  than  tbose  tin  wMkiog  scales. 


C  8 

Fir,.  1^. 
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904.  Suppose  ihut  inKiciid  of  there  being  five  or  six  such  low 
ridges  as  iliuc  «liawn  in  Figs.  194  or  196,  scattered  irregularly 

^^^^^  over  the   division,  there  i^^ 

t   *     ""-^^^^^^^         only  one,  l)Ut  six   limes  ^H 
V.        <A<  ^--^      high.asskeiche<J  in  Fig.  199. 
"*  'w-  Fig.  196  may  still  serve  as  ^j 

map  of  suchapuinL  As  between  the  air-line  and  the  bowoj^f 
line,  ir  EACH  is  to  lie  OFtxATKn  IN  TtiK  SAME  WAV,  the  case  is  not 
sffecccd  tn  the  sligtiiest  by  ihc  greater  height  o(  ihe  ridge  and 
Icnfj^h  of  the  lines  j1/f  and  CI>.  The  bowed  line  is  much  ihe 
best.  The  bunching  of  ihc  obstacles  at  one  point  does  make 
this  difference,  however,  that  there  is  now  a  rational  choice  in 
favor  of  iissisunt  engine?..  For  any  considerable  craflic  the  short 
line  with  pusher  grades  will  be  very  probably  the  better.  The 
volume  of  traffic  makes  a  difference  in  two  ways:  First,  ihc  as- 
sistant power  Clin  be  more  exactly  ndaptcd  to  requirements; 
second,  a  heavy  traffic  ik  almust  sure  to  be  largely  competi- 
tive, thereby  diminishing  the  credit  side  lo  the  value  of  dis- 
tance. 

Piiiilier  grades  may  be  divided  into  two  classes,  each  of  whl 
requires  different  treatment  and  will  be  considered  separately 

1,  Those  Mirmounting  tow  elevations  by  the  easier  gradients^ 

3    Those  making  long  ascents  (say  over  700  or  Soo  feel)  on 
rates  which  must  be  conspicuously  more  severe  than  the  through 
grades  on  cither  side,  as  where  ij  per  cent  grades  or  over  ai 
required. 

PUSHER  CKADKS  OK  EASY  CRADtEITTS. 

907<  When  It  is  seen  that  the  tue  of  jMishen  is  unavoidable  if  a  1' 
through  grade  iit  to  Iw  obtained,  the  fint  question  wliicb  arttes  is :  Which 
is  to  be  the  limiimu  Rtailitnt.^ihe  low  through  grade  operated  Ijy  one 
eiiKiiic,  or  the  pusher  k"><'<:  "pcr:iicd  by  two  engines?    Ordinarily  it 
will  be  the  pusher  xradc.  (or  two  ri-a:i>i:>ns : 

I.  TIk  lower  pusher  grades  inuat  be  reduced  in  rate  nearly  twice 


lis- 

i 
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bn  iu  the  through  Krades  10  keep  the  balance  equal,  jis  Is  evident  from 
llie  (olliMrin}[  ligurcs,  taken  Irom  TabU:  182  : 

Through  Gfaik  .. .      Level         0.1         o.z         0.3         0-4         <XS         0.6 

TiubcrGradc C.38  0.57        o-T^        0.9s         I.I3         1.29        1.47 

DlUctOKM 0.19         0.19        o.iq        0.17        o.iT        O  l9 

For  a  unifOTin  diffcrvace  in  (hrouRti  srade  <A  o,  10. 

Ii  will  uiiually  be  very  much  easier  to  reduce  the  tlirouKh  Kradet, 
complicated  by  ira  high  elev«iions,  from  ^6  to  0.4,  than  to  reduce  tlic 
correspond i UK  pusher  (>rjide  from  1,47  to  i.ii,  especially  as  the  through 
grade,  (rom  the  nature  of  ihc  ciisc.  will  be  mostly  in  short  undulations ; 
;inri  hence, 

2.  The  influence  of  momentum  (par.  397  tl  sty..  &nd  sec  also  clow 
of  ihU  chapter)  will  frequently  aMixc  grc4tly  in  reducing  the  vinual 
ihrouEh  gradicniK  bciow  the  nominal  maximum,  or  can  be  made  to; 
whereai  lonK  pu.sher  Kcade^  mu»t  be  taken  at  their  actual  rate. 

908,  .■VsaumiOK.  therefore,  the  pusher  grade  10  he  the  one  that  fixe* 
tile  virtual  v'^adicni  of  the  whule  line  or  division,  all  llul  has  been  naid 
above  about  reduring  through  grades  ;ippHes  to  it  in  an  intcnsiiSed  ftc- 
gree.  The  Kivingof  distance  or  rurvature  thould  )>e  wkoi.I.v  subordi- 
nate to  the  end  of  reducing  the  rate  of  grade  to  the  lowest  limits  taking 
care,  however,  not  to  introduce  development  which  add*  no  much  10  rur- 
vature  ihat  tlie  cnmpensalioii  ilesiroyti  nearly  all  the  gain.  A  re.-tnurcc  in 
extreme  instances  may  be  to  introduce  a  temporary  luig  in  a  ^rade  line, 
a*  dewribcd  in  par,  832.  Sharp  curvature  if  absolutely  unavoidable, 
should  be  used  here,  if  nowhere  else. 

In  ihi.i  way  reductions  of  grade  which  are  far  beyond  the  apparent 
possibilities  m«r  often  be  secured.  If  the  engineer  who  has  at  latt 
secured  what  he  thinks  the  best  the  country  admits  of.  will  then  throw 
aside  all  his  preconceived  impressions,  and  start  m  afresh  with  the  idea 
that  he  is  all  wrong,  and  might  reduce  his  grade  0.1  per  cent  or  moic  as 
well  as  not.  if  he  nent  aborii  It  right,  the  chances  are  many  10  one  that 
be  will  not  be  rlisapiiointcd.  and  reductions  rising  to  even  0,3  10  o.^  per 
cent  may  sometimes  be  obtained  without  a  dollar  of  extra  cost,  by  ab* 
Burdly  simple  means,  ss  in  the  lUHtancc described  below,  and  illustrated 
m  Fig,  200.  which  was  the  key-note  for  a  reduction  of  a  3  per  cent  grade 
some  I J  miles  long  to  a  1.5  per  cent  grade,  with  a  cheaper  line. 

909.  In  the  cmc  ItluMtaicd  in  Fix.  ><>o  >  located  tine  ii.m  ha<I  firvl  been 
run.  on  a  a  p«i  cent  Rraile.  tbrouKh  a  tao%t  aiiraeilve  Mdillc  A  tftr  a-kiik  M/ 
maiti  JkigAvray  alrraify  ran.  requiring  a  short  (unitcl  of  about  looo  ft.     The  sum 
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mil  of  the  gnd«  «M  bat  a  oboft  dinince  back.  Kod /f  wu  approubed  by  a  noch 
lisbter  gnulc;  bnt accepting  yf  u  a  finallt;.  It  was  uiterty  tmposilbk  lo  Bail  mp- 
roninC  groiuid  for  the  grade  at  a  caddie  about  4  "ilci  brto*  A  wiib  a  taM 
Sradc  (baa  >  per  <ent.  Tbo  Kf^At  was  in  aJI  some  ao  cnilei  lo«|[.  in  two  we- 
<M*iT«  Bcciioiu  ■•!  9  xnd  6  >nil«4.  r««pectivel]r.  with  tome  little  broken  gtade  !■• 
termixcd. 


Examination  indicated  (i)  tbai  except  ant  ihl*  ttrcteh  ai  ibc  head  el  Um 
fnde  there  would  b«  no  mtIoii*  difficult  r  in  reihichiK  Hie  whole  grade  to  I.  j  per 
cent,  and  (3)  tbat  the  onl^  ctunce  for  reducing  t(  abov«  wai  bgr  islaiai  dcTdnf^ 
•neni*  around  the  hill  DC  Tbe  retr  capabte  and  experten<«<l  encbiea  itbo 
had  nadc  tbo  fint  location  wa«  ihetcfofe  inurueied  ihat  the  bill  onml  be  tanwd 
fl  poMibtc.  Hr  ran  Ibc  tin*  fM.  a«ci>tdinitl)r.  to  the  point  L.  larBm]  ■  maximnB 
curve  K.  and  repotted  il  ab*oUi(el>'  itnpoMibtc  to  turn  the  bill.  wlibotM  two  ray 
high  Tuducti  over  the  deep  gorge  H  and  a  tunnel  at  jf, 

ThI*  looked  ptoaslbte  on  tbe  ground.  It  it  doe*  not  on  the  aup.  StMitiag 
at  /-  there  km  an  abysmal  g<Mge  briiiw.  a  preripiinut  knife-edge.  G.  o(  toll 
rock  aboTc,  and  tbe  saootber  aide  of  tbe  bill,  M,  wholly  iaciaible  and  almoai 
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iDiccessible,  but  known  to  be  very  steep.  Really,  however,  there  was  no  diffi- 
enlly.  Running  an  approximate  line  EM  from  below,  and  connecting  across 
ilie  lop  of  the  hill,  ii  was  found  that  the  entire  tine  could  be  Gticd  closely  to  a 
iteep  side-hill  except  for  one  deep  rock  cut  at  <7  so  very  narrow  In  proportion 
lo  its  height  that  a  single  heavy  blast  would  remove  it  all  at  once.  This  threw 
the  line  nearly  100  ft.  loner  at  E.  saved  the  tunnel  A,  and  gave  much  better 
ground  below  as  well,  while  enabling  the  l.j  grade  to  be  easily  obtained. 

It  is  especially  important  to  exhaust  ail  such  possibilities  on  low  acid  short 
pusher  grades  (down  10  the  limit  which  balances  [he  lowest  attainable  through 
grade),  because  the  use  of  two  pushers,  or  still  less  the  breaking  up  o[  trains,  is 
rarely  expedient,  as  it  often  is  on  the  longer  and  higher  pusher  grades,  which 
we  will  next  consider.  >. 


LONG    PUSHER    GRADES   ON   HEAVY   GRADIENTS. 

9tO,  This  second  class  of  pusher  grades  should  ordinarily  be 
studied  by  tiiemselves,  quite  apart  from  the  remainder  of  the 
line.  Their  cost,  both  for  construction  and  for  operation,  will 
be  a  lea<]ing  factor  in  the  finances  of  the  line,  and  hence  should 
be  a  controlling  factor.  They  are  sufficiently  prominent  features 
in  the  operation  of  the  line  to  enable  the  motive-power  to  be  well 
adapted  to  the  requirements  of  the  gradients,  whatever  they  may 
be. 

911>  These  causes  favor  the  adoption  of  low  rates  of  grade  for 
such  a  line: 

I.  As  the  gradients  rise  above  2  per  cent  the  loss  of  net  haul- 
ing capacity  becomes  more  serious,  owing  to  the  weight  of  the 
engine  and  tender,  and  (for  freight  trains)  caboose,  becoming  a 
larger  and  larger  factor,  as  shown  in  Table  189,  p.  688.  From 
Table  170  we  see  tiiat  on  grades  differing  by  i  per  cent  the  net 
hauling  capacity  is — 


Grade 
pircent. 

Net  toDI  low] 

(or  Si'ad. 

AmericBD  enKioe. 

Per  cent 

(a  per  cent 
ande  -  m). 

Grade 

perceoi. 

Het  rcH»  load 
for  St'ud. 

Pereenl 

(i  per  cent 

^aae  =  loo). 

I.O 
3.0 

3-0 

37' 
19J 
ii3 

193.7 
1 00.0 
61.46 

4.0 
6.0 

78 

53 
36 

40.63 
27.60 
'8.75 

a.  The  lower  grade  (if  obtained  by  development)  not  only  re- 
duces the  cost  of  operation,  but  increases  the  revenue  somewhat, 
by  giving  a  larger  mileage.     On  some  cosily  lines  of  thin  non- 
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competitive  traffic  tbis  may  justly  be  regarded  as  an  additional 
advantage  from  a  tow  grade.  On  other  lines  it  might  be  an  al 
most  unmixed  clisiid vantage. 

3.  As  gmdes  rise  above  3  per  cent  or  i^  per  cent,  such  % 
caution  has  to  be  used  to  keep  trains  under  full  control,  both 
going  UD  and  down,  as  to  add  considerably  10  the  thcoreti 
disadvaiiiatte,  both  iu  \^^%*.  of  time  and  danger  of  accidcoL 

4.  A  luwcr  grade  will  often  be  found  to  lie  on  such  ground  as 
to  decrease  rather  than  increase  the  toial  cost  per  mile  to  sub- 
grade  (as  we  liave  just  seen  in  par.  909),  so  that  the  difference  in 
cost  of  a  low-grade  or  high-grade  line  will  be  al  the  most  not 
great. 

5.  A  large  portion  of  a  continuous  descent  will  often  not  ad 
mit  of  using  a  higher  grade  than  a  certain  rate.     It  then  becomes 
a  regrettable  sacrifice  to  use  a  higher  grade  elsewhere  on  the 
same  descent,  although  if  the  grade  be  long,  traffic  small,  ai 
difference  of  cost  great,  it  should  be  done. 


^ 


K 


913.  Tlic  Jalapa  line  bctweci)  Vera  Cruz  snd  Mcjcico,  described  in 
Appi^iidix  C  and  its  accompanying  plates,  is  a  good  example  of  the  effect 
ol  eveiy  one  of  these  causes  favoring  low  grades.  On  the  6rst  30  kilo* 
nitres  (30  miles)  of  the  descent  from  the  summit,  although  n  sttghtl/ 
steeper  than  i  per  cent  grndc  might  have  assisted  somewhat,  a  4  per  cent 
grade  would  have  thrown  the  line  so  low  as  to  bring  it  on  much  wone 
ground. 

913.  The  descent  from  Tcpic  (see  par.  917).  on  which  the  spiral  oc- 
curs, shown  ir)  Figv  307.  308.  is  a  good  illustration  of  the  fifth  cause 
above.  Front  the  summit  down  to  the  foot  of  the  .ipiral  more  than  the 
adopted  rate  of  2.6  prr  cent  could  not  possibly  hr  used.  i.'xcepi  by  throw- 
ing away  elevation  witli  level  stretches,  since  that  giude  broughl  tJie  line 
down  to  the  very  bed  of  the  stream  under  the  viaduct.  The  same  grade, 
in  ihe  main,  fitted  the  bed  of  the  stream  very  well,  although  for  $  or  0 
mile»  it  wns  necessary  to  hold  upabovc  the  bed  somewhat  al  some  expense. 
As.  therefore,  there  were  only  some  j  or  6  miles  out  of  the  y>  miles 
of  3.6  grade  (broken  by  some  short  unavoidable  levcU  below)  in  whicli 
the  descent  of  3000  feet  to  sca-levcl  w;ik  mndc,  it  would  have  been  an  un- 
warrantable snrrificc  to  break  the  srarfe  on  the  short  stretch,  wbe 
(only  by  raising  ii  to  about  4  per  cent)  some  appreciable  economy  1 
be  realized,  even  for  the  thin  ttatPie  expected. 
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91*.  The  following  ciiuses  favor  the  selection  of  high  rates 
of  grades  (or  tuch  sections  o(  line: 

I.  It  usually  very  much  reduces  the  cost  of  construction 
which  is  probaliiy  litgh  uC  best — a  cunsideratlon  uf  great  import 
unce  (pai'-  39)- 

X.  \{  the  rate  of  a  higher  R;rada  can  be  maintained  unbroken, 
»9  that  ill  fengfA  is  deertattJ  in  preporlian  as  its  raU  is  intrmsej,  the 
total  motivc-jiou'er  is  nut  increased  (Table  i3i  and  par.  747) 
ei'en  if  the  total  length  u(  the  line  between  termini  is  not  de< 
created  by  ihe  higher  grade,  i.e.,  i(  the  respective  profiles  be< 
tween  the  two  termini  are  as  in  Fig.  aot.  If  ihe  lower  grade 
K  only  to  be  obtained  by  interpolated  distance,  so  that  the  foot 
of  both  the  low  grade  and  high  grade  falls  at  nearly  the  xame 
point,  the  advantage  in  motive-power  needed  is  still  more  in 
fiivor  of  the  high-grade  line. 

3.  The  loss  by  multiplication  of  trains  aad  train-wagcs, 
which  is  otherwise  so  very  serious 
on  high  grades,  is  obviated  in  part 
by  using  two  or  three  engines  per 
train,  which  it  is  not  practicable 
TO   do  with  heavy  through   trains  '"^  "*■ 

over  a  whole  division.  This  advantage  is  to  be  assumed  with 
caution,  however,  as  within  the  extreme  limits  of  choice  which 
Ihe  engineer  has  ordinarily  before  him  (*ay  nut  over  1  jwr  cent 
in  most  cases)  the  same  number  of  engines  per  train  can  be  used 
ofl  either  the  highest  or  the  lowest  rate. 

916.  4-  The  case  is  much  stronger  in  favor  of  high  grades 
when  the  low  grade  is  only  to  be  obtained  by  hanging  on  a 
rough  side-hill  as  against  lying  in  the  bed  of  a  stream,  or  with 
other  great  contrasts  in  (acitities  of  construction,  as  in  the 
St  Gothanl  Railway,  where  a  low  grade  was  obtained  only  by 
(he  desperate  expedient  shown  in  Pigs.  303  to  306: — turning 
spiral  tunnels  into  the  solid  rocV  and  thus  introducing  so  much 
pure  development  between  ihc  same  termini,  so  that  a  higher 
grade  would  have  shmtencd  the  pusher  runs  almost  exactly /*■# 
rata,  and  left  the  same  iimoiini  of  motive-power  required  for  the 
passage  between  termini  in  cither  case.  On  the  Italian  side  of 
the  mountain,  indeed,  these  spirals  appear  to  have  been  an  en> 
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tirety  superfluous  luxury  (see  note  10  Figs.  201-106  on  pfig« 
following  them),  not  even  serving  lo  reduce  the  grudes. 

Apart  from  the  coxi  of  lliese  spirals,  had  the  gmde  been  higher 
it  would  have  lain  for  a  considerably  larger  portion  of  its  length 
nearer  to  the  bottom  of  the  valley,  and  hence  on  better  ground. 

The  St.  Gothard  line,  therefore,  furnishes  a  good  example, 
although  certainly  not  an  extreme  example,  of  unjustiliable 
ailoptiun  of  low  grades.     Ii  is  mag- 


nificent, but  in  this  detail  of  im  loca- 
tion it  is  not  engineering,  because  it 
does  not  accomplish  the  desired  end 
in  the  most  economical  way. 
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Ftc«.  9Dt  and  SOI  arc  proClm  «(  dw  btd  of  ikc  nllrr*  apprnaekiMl  ibt  St. 
Godnnl  Imuwl.  aiih  tbc  •ode  i^iamvt  \»  mlla.  Oa  tke  lulkn  Side  ol  dw 
■oanislii  dw  toed  ol  ibe  hkmb  wax  braked  bf  ^iif*cw.  Mid  ti  will  be  scat  kf 
Ibc  itonal  sfMlr-Uoc*  plimstfli  bcl"w  cbc  tivM-bod  ihx  br  Miaplr  derdoiilag 
llw  •pcnl  tuDRilB  iUv  Mnuckl  tno.  adifiag  wxhinc  t«  llwtf  tcntik.  iba  Mit 
(nde  ap  the  ntDunain  woaM  tuvc  been  nbtklNcd  iridt  a  material  laving  ol  itiK 
uncc  aB>)  tarratore.  aad  beote,  o(  cobtvc,  a(  rou.  Socb  a  ttnitgtit  iBnad 
wo«)d  Btarl  in  al  Ibr  ta«tr  pom^  at  Ibe  Sfth  rituDC  ciir«*.  near  A'.  Fr£.  301.  dBd 
lain  a  ttretghi  courae  ihnNagii  th«  wvctto  "  Fig.  Sos"  to  a  puint  bcrooil  tl"  iRaiW 
ol  Pic,  105^  wtwR  il  would  afaua  emetic  inia  the  vaDcr.  requinns  a  lunnd  nl 
a  Irifle  uviT  J  mlla  loog.  nr  about  irbM  Uictc  i»  on  e/  ImnmH  on  ibe  raiae 
•tretch.  laiinc  all  Uit  mIkt  work  aa4  dDtance.  Tbe  same  n  ini*  hi  MbMaM* 
or  the  lira  totrcr  tai^ng  nirvci.  at  of  tbe  vppei  one  at  least. 

Tbc  (aci  ihnt  ibte  ibrov*  ibe  ciadeJine  bckrv  ibe  bed  o(  Ihe  tmaxm  ioota 
bad  on  the  pnifil*.  bal  iboald  nut  be  allowed  la  decrUc.  Tbe  taaaela  ftoitfC 
hua  the  bowels  at  vaii  ovnbaniiin|[  iDiwaiaiat  ol  ioImI  mck.  and  can  be  kept 
■a  far  away  (rooi  tbe  stream  ai  deajrod.  if  tbctc  wete  need  10  cooaida  it  at  all. 
Hie  oo\i  Tttibk  Kain  trom  tb*  (piiala,  tbrrrtorc,  vai  lo  have  tbe  aaine  enfi- 
neeriBg  cmiufiiJci  on  mie  aide  of  tbe  mc^ni.uii  ai  on  Ihe  other. 

Oo  ibe  5<El*a  side  of  tbe  moantain.  Fifi.  3uq.  the  *ptTal  dertlopaieiiti  *b<nm 
bi  Fig.  IP)  wete  civeaiUl  for  tbe  yarpcae  Mugfat.  10  reduce  ihe  ([lade  to  t^**  fi 
per  mSe.  To  have  followed  the  natural  trade  ol  the  *«Ucy  wuuki  haie  trqattvd 
froa  197-S  to  337.5  (l  per  mile  grade*.  acco«diiic  to  bow  dot^lir  the  Wd  u'  ili« 
vttltey  wa*  lotlosed.  By  tbe  aid  o4  the  lon(  Tabk  170  we  may  cee  how  mmrti 
ri«l  ecoaomy  In  nncive-power  was  eflected  by  theae  ilcTctopflienta  in  takinc  llie 
Imffic  from  Silencn  to  Ibe  St.  Golbard  lORnel.  Nefc'*^t>"R  ^'  actual  dislanc.. 
which  It  would  be  nafair  to  contideT.  we  may  ny  that  the  length  of  the  HMwa- 
_lain  gnule  in  milci  iboald  be  aboui  Inreraely  ai  tbe  laie  oJ  grade.  Tbeo  w> 
.  lor  a  itandard  ConMtidatlon: 


■^        Craa*. 
n.PnMae. 

CoaiarMlve 
LcncTh, 

Com.  Net 

Tea. 

LoBialBBC. 

PoCcaL 

Coom.  K«.  UUta 
Per  Tbnwcb  Taa> 

•ST 

100.0 

3"9 

100.0 

too 

'97* 

69^3 

910 

bis 

lOi 

'            3lg 

6j.S 

184 

S7-7 

loS 

W* 

57.7 

lb% 

JI.7 

"»* 

In  other  word*,  comparing  tbe  coatiructed  grade  with  ihe  tgyS-'t.  gr^Je 
Mity,  In  a  valley  dlnance  of  to  mile*.  4.4  inilea  [ 1  of  tiuimi/drtttiifmfittmwa 

W3; 

(ntrodnc^  with  the  elleci  of  aavlng  oaly  J  per  ecu  of  tbe  engine-mile*  neccMar^ 
lo  move  a  car  Ihroush,  Md  perhaps  >{  percent  of  tbe  COM  ol  movement.  Sur^ 
error*  reauli  from  tack  of  ttudy  of  the  e(o«o«nlc  »<ile  of  railway  locaiioa.  Tbere 
MMid  be  no  belter  lUnitrauon  of  tbe  broad  diailncilon  between  rcdodng  tbe 
raica  of  tbroogh  gradci  and  of  putbct  grade*  ttaied  In  t>ar.  747. 


I.  XX.—REDUa.VG  XA  TE  A.\'D  COST  OF  HIGH  GHADES.  6/5 


KXPKDICKTS  rOR  RKt>VCING  TtIK  RATE  AND  COST  OF   HIGH  GRADES. 

9t6.  The  following  arc  atnong  llic  chief  resources  for  obtaining  ihe 
besi  rcsuliB  on  long  asoencf.     They  sliuuld  always  bt  borne  in  mind  : 
I,  Hunt  fo»  some  place  on  any  |jari  of  llie  usceni  when:,  for  half  its 

I  total  length  or  morc.a  fairly  good  and  cheap  line  may  lie.  in  »piteof  *ur- 
toundiDg  diStculiics.  Tind  what  rati;  uk  okadr  will  fit  this  sec- 
TCi>l*  AXD  WORK  rack  WAV  KROM  IT,  Instead  of  going  always  to  the 
Bummit  and  working  down— which  i*  a  good  rule  (or  small  descents,  but 
Will  often  kiul  oiii:  far  astray  on  long  ones,  tn  other  words,  lind  out 
what  are  oruught  to  be  the  r.QveRMNn  r^jmrs.  which  may  or  may  not 
be  the  summit.  :ind  worR  (torn  them.  In  running  a  first  loiigh  prcUmi- 
nary  it  is  ncdinarily  bext  to  start  (rotn  the  summit,  hut  on  a  second  line 

■  h  is  father  the  rule  ihaii  tlie  cicepciun  that  it  should  not  be  done. 
S17>  Fi;,  Vf)  sluiws  a  lemuxlublc^  cii»mplc  of  the  adraoiages  of  ihli  method, 
from  tiM  liKaiion  oE  Ihi:  lower  end  of  Ihe  PociRc  Branch  of  the  Mexican  Cmiral 
Railway,  on  llic  tlvsrenl  from  Ihe  city  of  Tepic  lo  Ihe  cuAtI  IIkUh.      Several 

I«IIoi[9  wcfo  tnit^lc  by  various  engineers  to  obtain  a  practical  line,  which  arv 
duiinguished  ai  fim,  second,  ami  third  linft  in  Pin,  307,  but  without  any 
»ery  saKilactory  reiutl.  until,  aided  by  Ihe  kiiowleil({c  Rained  In  the  previous 
•urveys,  the  idea  of  the  spiral  line  was  conceived  and  pushed  lo  a  succcssfnl 
eompletioo.  «ilh  a  reducliun  o(  consideiatily  uvcr  half  in  the  estimated  quanli* 
ties  of  ibc  line.  The  condiitons.  bricHy  staled,  were  these: 
The  i«wa  fA  Tcpic  Is  at  an  clet'atlon  o(  qij  metict,,  or  303s  (e«t,  above  Ihe 
sea.  and  dUtant  only  lome  17}  mile«  east  therefrom,  hall  of  which  is  a  dead 
fiat  ruing  but  a  few  feet  above  the  sea.  so  that  the  enlirc  rise  would  have  had 

III)  be  (uide  on  a  direct  route,  within  an  alr-llne  distance  of  some  nine  miles. 
Detcendms  'font  Tcpic  («<•  TiB.  au;),  the  line  first  follows  the  valley  of  the 
Tepic  River  until  it  diverges  ihcpcfrom  (m  it  flow*  in  an  entirely  wrong  direc- 
tion and  beeomes  Impraclleably  rnunb)  and  strike*  acro*s  into  the  valley  of  tlie 
smaller  lag«nia  Hiver  at  ihe  Kincon  Viw*.  markeil  "comrolllns  summit  "on 
Fig.  ao7,  at  an  eleration  uf  ];uS  feet  (7i)5  metres)  above  tlie  sen. 

Up  to  this  point  the  descent  wu  on  less  than  a  1  per  cent  grade  and  offered 
no  diSlcully.  although  iet|ulcln|;  some  heavy  work  and  aflor<linK  view*  of  greai 
aubiimity  and  beauty  over  the  luitlted  and  abrupt  dctcrnt  to  Ihr  cuiM  ftnls. 

•  la  tlesccndinif  Irom  this  controlling  pass  into  the  valley  of  the  Ingenio 
River  (which  U  the  looK  stream  in  Fig.  107  which  the  line  follows  below  the 
spiral),  the  usual  dilDcully  was  encountered,  that  the  first  detcoat  wu  ex- 
•eedingty  •harp.  In  an  air-line  distance  of  two  miles,  from  Ihe  conirolllng 
summit  to  the  lower  left-hand  comer  of  the  spiral  in  Fig.  loS.  there  was  a  de 
scent  of  some  440  fret.  Iltoreovci.  Ihe  valtcy  ol  the  Ingcnlo.  while  eailicly 
praciieablc  (ot  a  line  in  or  very  neat  to  the  bed  of  the  stream,  had,  (or  many 
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mltci  ticlow  ihe  spiral  (<o  near  B,  t\%.  ao7l.  "brupl  »t>d  rugEeil  banks  tvvcral 
hanilicil  k«r  hiith.  of  Iha  same  Ttiiptanioblc  chirattrf  ai  ibMe  (hown  (rantc- 
diaicly  below  the  spiral  bridge.  Fig.  3o4,  alihougti  below  B  the  valley  became 
more  irecMble. 

9l8i  Uniler  th««c  clrcuiiisuac«B,  since  It  w««  isipoMlble  (o  deKcnd  into 
the  tiuttocn  of  the  vaUcy  on  any  practicable  Riade,  and  since,  unlevi  Ihli  were 
done,  the  line  inu»[  be.  for  >  long  distance  below  Ihe  aplral  afterward  tujopiad. 
entirely  above  the  immediate  ilupen  of  the  valley  ;  to  avoid  Ihe  moM  cxcetstv« 
work,  a  compnraili'cly  light  trial  grade,  a  per  cent,  «*a  not  umriHoly  adopted 


KILOWETCn 
>  )  4 


PM.  Mf.— ttoum  or  V«aiovt  Svnav*  rea  nu  Ckad*  dfaoxpim  m  raa  C<ut>r 

(lllaik  Hrw**  xlve  elenuioa  ia 


for  runntrig  [he  Ihree  lifKt  line*  ihoim  by  doiicil  line*  on  the  i»Kp.  TIWM 
line*,  othf^rwite  difloriitK  from  earh  other  i-re^dy.  agirrd  in  %winEmg  nruund 
the  aie*  covered  hy  the  spiral  and  ctoae  lo  the  Intler.  altbough  off  ibe  area  cov- 
ered by  the  map  of  the  spiral  in  Fig.  308.  To  irace  ihetn  on  Fig.  aoS.  start 
from  near  the  scale  nnd  title  tsA  pass  thence  10  ilw  riifht.  ihea  down,  ind  then, 
at  the  botiom  til  Ihe  mnp.  lo  the  Icfi.  to  ■  piiini  hvinn-n  .1  anil  //  on  llie  DOiall 
scale  Tnifj.  Fii;,  'J07.  At  this  point  they  wore  alrcwly  far  Hbuvo  the  Krade  oi 
the  •[lirjil  bridge,  so  ihai  they  soon  let(  (he  exccHuve  slopes  of  the  Talley  and 
Btruclt  com  putative  I  y  cany  work  on  the  narrow  rid^  lying  between  the  raltoye 
of  Ihe  iwa  parallel  3tr<am«  shown. 

Never! Ixe1«»5,  the  work  00  all  three '"t  the  lines  was  excesstre,  while  Ibc 
luw  Eriflc  ie<)uirril  a  great  arpnuni  of  oibetwise  unnecessary  developoieat  and 
curvature.  Two  of  these  lines  were  locnicd  on  paper  and  pioAles  made,  but 
00  accutaic  estimates  were  ever  made  of  (hem,  at  Ibc  wi>(le  waa  very  forbid- 
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diog,  involving;,  in  spile  n[  the  use  of  17*  curves,  a  number  of  tunnels  and 
many  retaining- walls  and  small  viaducts. 

Thece  facts  made  it  clear,  if  it  had  not  been  before,  that  the  atlempl  to  find 
a  line  by  starting  from  the  summit  as  a  controlling  point,  and  letting  it  fall 
thence  where  it  would,  must  be  abandoned,  and  a  line  chosen  lying  in  the  bot- 
tom of  the  valley  as  a  Axiure  and  worked  from  at  each  end  ;  that  being  the 
only  place  where  a  really  economical  line  could  lie  for  th«  entire  distance  down 
(o  C.  Fig.  ao7. 

A  random  line  in  the  bed  of  the  stream  showed  that  a  2.6  per  ceol  grade 


Flats  ffov  Tupic,  Mkicico.  on  Pacific  Bwavcii  j"h-  thf.  Mexican  Ckhtral  Rajlwav. 
aetrct.    The  spir^il  ihovrn  in  Fiff,  aofi  is  ^  ^lown  jbove.l 


(137  feet  per  mile)  was  the  lowest  adapted  to  it,  and  in  assuming  the  line  lo  be 

in  this  position,  and  extended  from  each  end  (i.e..  conceiving  the  line  fixed 
under  the  brid);c  in  Fie-  ^oS),  the  ascent  thence  up  the  upper  small  stream  was 
(for  the  country)  mere  surface  work,  and  the  extraordinarily  favorable  point 
for  the  high  crossing  (the  narrowest  for  miles)  naturally  suggested  sweeping 
ihe  line  around,  through  a  deep  but  narrow  cut,  into  the  lower  small  valley,  so 
as  to  crossover  ilsell  by  a  high  viaduct,  and  thence  ascend  to  the  summit. 
Above  the  viaduct  it  follows  up  the  rifjhi  slope  of  the  small  stream  shown  just 
under  the  title  to  Fig,  30S,  being  on  the  opposite  side  Irom  the  three  previous 
tines,  which  chanced  also  to  be  somewhat  the  best  side. 

It  was  found  on  extending  the  lint  up  10  the  summit  thai  it  left  some  spare 
elevation,  and  this  was  properly  concentrated  within  the  spiral,  in  order  to 
make  ihe  bridge  a^i  low  as  possible. 

919.  There  was  a  possibility  of  a  direct  line  from  Tepic  to  the  head  of  the 
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iplral,  (oltowlnji  app(cniiniict<r  the  higlmy  nia  La  Fotiuna.  but   It  wu  a* 
Jcvmed  var(h»ui\'ey.  (or  Ihcfrc  roMOM: 

PInl.—li  «M  certain  tlui  It  conld  aflord  no  better  grade,  and  boi  little,  IT 
any,  diflerencc  la  curvatare,  distance,  and  co«i. 

SfrottJ. — The  line  wMer-power  of  the  Rio  d«  Tepic  would  have  been  left 
one  itde,  wilb  the  milli  already  on  it.  and  the  other*  which  irere  very  llfcelf  < 
be  pt>ood  there — viler-poiier  being  Tcry  icatcc  In  Mexico, 

rUrJ. — Tbetc  WM  (^nuiderable  l<ieal  iraffle  (roiD  t^  EicondMa  and  point 
beyond  it  to  the  ircsl.  which  would  bo  lo«L 

fjUTtk.^K  dull,  uniniereding  ride  would  have  been  lubitllutcd  for  one  1 
the  ^realc^t  icenlc  aittaeilona.      A  chief   ilr|>cnUen<:o   |i>r   Iho  traffic  of 
PaciAc  Branch  (and  (or  the  main  line  o(  the  Mexican  Central  a*  well)  bell 
louiiM  tTAlbc,  and  much  of  itie  toiuiuiider  ol   the  tine  being  of   great  eeeni 
beauty,  this  alone  wai  deemed  a  decisive  connldcraiton. 

92O1  The  IcadlnK  (limensiont  of  the  iplral  and  viaduct  were  as  followc 

Length  ol  aplral.  1,637  meiret =  S.651  feet  =     1.&4  nilea. 

(40J  4-  60  =  66q  4~  3"-  *)th  to-motres  ttation). 

DeKeni  in  spiraJ.  actual. jj-oo  mctrea  =  173.9  f««b 

DcKcni  m  spiral,  on  1.6  grade > 66.s6      " 

LoMol  elevation  In  do 15-56  cneire*, 

VtlliKd  >»  [0II0W1: 
For  curve  compeRtation.  ju3  degree*  (at  0.06  p*r 

detcree). 5.56  metres. 

S(HI(*  etevailon.  utillied  for  a  iiailon  cround  and 

water  Klai'on  at  wniih  end  of  spiral laoo      " 

Viaduct:  Length.  30O metre*. ,.., =656       f««l.] 

Height.    S3     ■■      =173.9 

The  height  is  above  the  grade-line.     Above  loW'Watcr  it  was  aamc  7  t« 
more. 

OihKT  reitourcc*  for  reducing  the  rate*  of  lonf;  asccnis  an  : 
92t.  1.  ZiOZAO    nevKLOPMBNTS,   obtained  by   tinding    »    ravorab 
poiiit  lot  tlw  line  to  turn  a  )iaH>circle  and  return  upon  itsdf.  often  jnu" 
IMnaclT  (nciliiate  a  favorable  result,  enabling  the  possibilities  of  any  fa- 
vnnbl«  section  u(  a  Innj;  descent  to  beuiiliied  to  the  uiinDit.or  enabling 
the  hoc  to  keep  aiway  from  the  more  serioii*  liifTicukles.     The  ilcvrIo{>- 
iHrntnn  the  JaUpa  line.  Appendix  C,  it  a  good  example  uf  ihi*  device 
The  privilege  of  uiing  a  «ha,rp  curve  occasionally  is  a  great  asaiatance  1 
Ihu  end.  and  ohen  a  wWywa  non. 
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Fig.  >oq  <a  inMbcr  exAiopk  to  scale  ai  luch  iigta;;  or  horMthoe  dcvc'lop- 
ment.  on  th«  Lim*  A  Otoj»t  Ra.iliray,  in  Peiu.  The  di»un<e  from  A  la  B  bort- 
ionulI<r  b   570  lect, 


•ml  vertical  Ir  It  }6s 
fc«i,  Th«  hiKiiotiEal 
:-4liiun<«  from  C  to  £> 
b495(cet.  TcrlkaldU- 
uncc  )6o  t«*t:  lenitb 
«(  line  from  ^  lo  i^  is 

»4  mllM.  The  usiul 
nUe  on  l>iH  road  nu 
tu  UM  solidibaclEK  lot 
SBcb  dcvelopnicnu.  as 
sbown  in  Fit*  JiS-: 


SAN    JUAN 


■"'^ 


fc-ipr 


FiC   Hf. 


In  «n  (iMse  cuts  the  dotted  Mo*»  roprcMnl  tQBndt. 
Tbc  c'Tve  ui  Secrjpe  a  tj*  Jo". 

92i.  3.  SriHALS  miglil  be  used  to  great  advantage  much  often cr  than 


^,  (Ml— BuDoB  SriaAL. 


fic  »iu— Tc«««L  SruAL. 


^^(Ky  are.  A  spiral,  also  sometimes  called  a  "  loop."  is  a  doubling  back 
B  ol  the  line  upon  itttlf  to  chu  it  returns  under  itself  at  h  lower  elevation. 
They  are  ol  two  das»r«:  bridiik  spirals.  Fig.  iioi  in  whith  the 
upper  end  o(  the  spiral  i>  carried  over  the  lovrer  on  a  high  viaduct,  and 
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TUMKXi.  spiXAl^.  Tig.  311,  in  which  th«  lo«rer  end  nf  the  spiral  pMses 
ondci  the  upper  end  with  a  tunnel.  Figs.  :i5-ii7  &how  one  of  tlie  moM 
exicnsirc  applicuions  t>r  the  principle  of  spiralling  (inaiJc  poMibIc  only 
by  veT>- peculiar  topographical  conditions)  which  wu  e\-e[  aitcmpied. 
bnt  a  better  line  was  altcrwarcU  found.  In  the  typicni  bri<^  spiral  die 
line  swingii  around  the  slopes  of  a  valley  or  basin,  and  in  ibe  typical 
tunnel  qural  the  line  swine*  around  the  slopes  of  a  ccntRil  hill.  Th« 
tunnel  spirals  oi  the  Si.  Uothard  line  (Kiks.  3oj~2o6j  ate  also  tuniwl 
qMrals.  in  a  sense,  but  of  a  third  class,  which  does  not  swing  around  ony- 
tfainfi. 

933.  The  bridge  spiral  on  the  descent  to  Tepic.  Fi^.  207.  3o3.  i1lu»- 
tntca  tlie  advantage  gained  by  them,  which  is  to  matte  a  sudden  and 
ipvat  drop  at  one  spot.  They  are,  when  well  laid  out,  not  costly  teat- 
uco.  and  bridge  spirab  especially  facilitate  that  most  iropotiant  end  of 


ll 
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.ting  down  into  the  bed  of  a  atram  as  soon  as  it  has  descended  10  fv 
from  its  source  that  it  may  be  said  to  have  a  bed.  It  U  to  be  remon- 
bered  in  taying  out  bridge  spirals  thai  the  height  of  iron  viaducts  is  a 
minor  (actor  in  their  cojt  (par.  11741.  They  arc  a  rare  fcamre  in  locution, 
aiKl  must  always  remain  so. but  might  sometimes  be  used  to  advantage 
whete  they  aic  not.  Pigs.  313  '14  4I10W  the  only  bridge  spiral  in  the 
United  Slates. 
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934.  4-  I"  taaklngs 
doccni  into  a  riv«f  val> 
\ey  it  is  »a  almost  invui- 
able    rale   to    DISCKKP 

against   THE    SLOfS    or 

THE  VALLKY.  cvcn  at  the 
cost  of  turning  a  hall 
circl«  US  soon  u  the  bot- 
tom IS  reached.  The 
length  of  the  skie^hill 
descent  ■*  much  dc- 
created.  It  is  stilt  bet- 
ter, if  posiibte.  (or  the 
same  reasons,  to  descend 
atcainst  the  slope  a(  *o«ne 
iribaiary  valley,  turn  a 
half-circle,  and  then  de- 
MTcnil  in  its  bed  to  the 
main  valley.  Figs.  315- 
317  K>v«  sn  actual  li»- 
Mance  on  a  large  scale. 

In  Fig.  Its  ■  descent 
srax  10  be  made  IrtMn  E.  •> 
an  ricvsiion  above  ■«•  of 
abooi  JO(M  li.  ii|i4  ol).  la 
A,  Inio  the  TaUcjr  of  llie 
Amrca  River,  at  as  etera- 
lion  of  ti>o  feet  (34001.1 
above  ica.  ■  dtop  of  some 
iSSofeet.  to  be  made  ailhia 
on  airline  iliManre  (mn  /f 
10  .^  of  only  S  mites.  Tbe 
Ameca  Rlier  lies  ahmc  dw 
boUom  nl  P<i|.  stj.  5o«iait 
to  the  kh  with  ■  sharp 
destcnt  ol  over  vmt  pet 
teni,  so  thai  bcnoUh  ibe 
spirals  FC.  sfa'xin  in  dctJill 
In  i-'ic^  116.  117-  the  bnl 
of  (be  river  "»•  'Wly  loa» 
(eel  l]to  m.)  above  SNk 
The  ttibacary  jIA  had  a 
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Mill  sharper  dcKeiil  of  orer  i  per  koi,  and  ih«  clicunifUtncet  of  ttie  locMlon 
niA'lc  It  clear  Ihat  (be  ruling  groile  on  the  dceccni  mu*i  be  at  leant  3|  per  cent, 
Tm'  tocBiion  tbnrn  in  Pig.  S1&  ia  J  p«r  coni  tompenMicd.  ftboui  i.O  per  cent 

At  tke  kit  ai  Pig.  S15  was  another  tribDiary.  f.O.  falling  im  too  fast  («r  way 
lln<  to  (uIIaw  it  ilirc<(ly.  iHil  innkitiic  a  very  IhkIi  nnd  V-te^  backbone  ur  kiiife- 
ge  at  h'G  of  *oltd  basaltic  rock,  uverluitl  lor  ilir  ihom  pari  aiih  a  (hick  surface 
4fp(Mlt  ok  volcanic  luf^i.  ur  leftlalt.  Tills  koife-tTtlKe  had  excessively  ticep 
etopMOti  iMIh  t<4es.  A»ii>llt>c«ee«  (mm  Fig.  zt6,  extending  down  lo  the  river* 
bed  low  fee<  below,  and  huil  the  (uri)ier  icmarlrHtilc  peculiarity  ili^t  the  sidc« 
•weileil  In  and  oai,  making  it  very  thin  at  point!)  and  thicker  at  others. 
TIraM  nnusual  topoi^aphicAl  fcniurei  made  convenlenlly  poa*ible  «ucli  an 
■nparaUel«d  aeries  at  spiral  derclopnieni*  as  arc  *hown  In  Pieh.  i\li.  tt^, 
whieb  took  very  khdiy  lo  the  nalural  surface,  *o  that  they  cuuld  be  executed 
at  very  moderate  CiUt.  an  (lie  mlnulcly  accurate  loptigiophy  «f  Fig.  xib  will 
slion 

935.  Under  theic  circutiuionce*  thcr(^  were  two  poHtblliile*  (or  Ihe  de- 
•rem  from  Kio  A:  First,  Ihe  line  liOCBA.  which  subict(uenily  proved  lobo 
\ff  \m  Ihe  beii:  ind,  ucondly,  ihe  line  F.FGIIA.  Inlluenced  by  the  eue 
Willi  which  great  devtlopmeiii  ciiuld  be  obiAincd  in  a  tniall  space  and  at 
muU  co«t  at  FG,  Fig.  sij,  as  shown  in  decnil  in  Fixs.  aib.  li*.  the  lallcr 
line  waa  examined  iiTtx;  the  only  useful  result  of  thl*  work  having  been  that 
It  la  ponibtc  to  p(r»riit  to  studrnl*  the  intlrurllve  study  in  location  shown 
in  Figs.  Si6.  JI7,  where  six  aucccsiive  spirals  are  shown  (the  lowest  one 
Anally  atiaodoned),  aecomptUhing  a  descent  of  liiy  (ect  (iitp  m.)  within  .1  tinrl- 
zunlal  diMincc  of  abtiut  iS'Xi  teel.  rni^»^iiimi{  from  the  hiKhem  to  Ihe  lowest 
points  fhown  on  the  map.  The  developed  distance  between  Iliete  »*mo  points 
was  44;  miles  (7.18  kilos.).  Xfeasuiing  from  the  nearest  points  of  the  fint 
and  &(Ih  spiral,  a  ile«CG»(  of  ^iU  rect  and  a  development  of  nearly  3^  mile* 
was  obtained  between  points  only  ss^  feet  apart  hot ijiin [ally.  The  |i>wc« 
(abandoned)  spiral  gave  a  further  deretopmenl  of  .85J  mile  and  u  descent  ol 
■3}  lett  within  *  horiioatal  distance  of  263  feel.  A  striking  feature  ol  the 
developnwni  was  Ihe  two-story  iron  vloduci  outlined  cm  FiK.  3t6;  a  precipice 
ovet  300  feet  high  for  a  short  distance  at  one  point  enabling  the  line  to  pass 
(Rice  ovet  the  *»n>o  viaduct  at  elevnijoiu  too  feel  apart. 

The  value  of  such  a  featare  aa  an  ndvertikcmenl  and  alliactioa  to  iravc. 
for  a  line  which  must  In  any  c^ie  be  tarKcly  dependent  on  tourist  travel,  wst 
an  eletncni  not  10  tie  despised:  but  it  was  all  but  certain  thAt  the  true  loca- 
tion mmx  have  been  by  the  northerly  route,  u  was  found  to  he  the  c*sct 
(or  ( I)  the  stretch  F.D  lay  atone  Ihr  natural  surface :  (»)  the  stretch  AB.  areom- 
pllshing  neifly  one  (ourlh  of  the  rise,  lay  in  the  bed  of  a  tributary  ttrcatn 
lisinK  neatly  aa  fa«t  a*  the  desired  grade.  All  that  wat  necessary  by  lhi« 
route,  therefore,  was  lo  find  ground  on  which  the  descent  from  D  to  B,  and  lln 


» 


.*  1     ,,  ,  ,    r- 


,  ;  1 7.- -The  base-lines  fur  tht  topography  (which  is  minuiely  ac- 

■  iiicil   lines  cuverinj;  llie  hill.     The  whole  body  of  ihc  ri(l)>e  was 

.^t^i.ljrl  uni!ernc:ilh,  bul  rriirks  on  the  surface  in  coolinij  into  U^use 

*;■    -^is  of  the  contour-lines  are  not  put  on  in  the  best  manner.    Tlicy 

■ss  the  lines,  or  across  yaps  in  them.     The  degrees  of  the  curves 

;o-meire  (fi5,6-fi.)  chords.    They  should  be  increased  about  one 

-^  (.orrect  for  loo-tt.  chords.     The  facilities  which  a  judicious  svs- 

iiffers  for  conductinK  location  is  ap])arent  from  Fij;.  2i6.     The 

at  an  offset  for  introducing  transition  rurves,  making  no  effort 

r  offset,  and  anv  curve  or  tiin<;ent  on   the  map  can  be  shifted,  re- 

hi-  line. 

s  shown  throiiRliout  the  map.  from  which  it  can  be  seen  at  once 
■nis  are  po'^silite  at  a  number  of  fioiats.  Including  the  lower 
1  lines,  4.45  miles  of  develupmetil  and  Oii  ft.  of  elevation  were 
.■  at  a  single  point,  without  any  loss  o(  distance  whaiever.  The 
1:  face  of  the  globe  where  such  a  result  would  be  so  conveniently 
it  was  probablv  cheaper  than  a  system  of  switchbacks  such  as 
C. 


CU.  XX.—tt£DVClffG  RA  TE  AXD  COST  OF  UiGU  CRADBS.  685 


M7i  The  iollowing  PIpi.  3i9  10  331  arc  exMnplei  of  fwlicbbulcx  (rom  ihe 
Lima  ft  OfOfA  RitilHn;  in  Peru.  They  |>ivc  an  idea  of  the  adsania^  which 
tbry  giire  lot  tocatloo, 


Pl«.aiS. 


but    (iKy    were     not 

(iropcriy   Uid   ool   10 

icUiKC  Ihe   diwdvRii' 

t«g«   q(  a   »top  10  a 

ni>iMmu<n-      Fig.    3l3 

■bow»  a  liitbei  uniuu- 

•1     aiu]     unfavntHbIa 

metbod  of  lajring  them 

aai,   ihs  twiichbaclu 

being  tuually  in  pain, 

A>  in   Tygi.   319-331, 

and  ai  nta(  togiihcr 

at  poaalble,  »o  a«  to 

mlucc  ih<  diBianra  on  which  the  train  raat  backward  to  a  mlnlaiam.     From  A 

in  //  IS  jt  raim  by  ibc  line,     la  an  alr-Une  they  ate  Sss  feet  apart  boriionially, 

Knil  MS  '«>  Apan  vertKilly, 

Procn  I  to  3,  Fig.  119.  i*  5  milfs  by  ihc  line  und  1} 

mllel  ifi  an  air-Iinc.     The  hamonlal  iltiian<«  belwem 

A  and  B  l«  qSj  (eel.  Tcrti(»l  dtotance  6>s  re«t     Ihe 

horiiontal  disiance  between  B  and  ^f  i«  465  (eel,  vertical 

dJataare  53;  leei.  showing  on  average  alope  aiceper  than 

I  ta  t.     Many  »uch  place* 

were  eniitcty  iiucte»lb)e  to 

bipcdn.  and  ihr  line  wai  only 

located  by  making  s»  rareful 

topogtaphioil  maps  at  possl. 

w    -jjt  ble.  ptojccllngaliK-uiion.and 

|{|9   ^  uiangulaling  in  pointi  no  \\ 

for  beginning  constnicliun. 

At  th«  "  Infiemilloa."  o«  "  Little  llelU."  Fig. 

SWX  ibe  »i»«r  p*»»e»  for  wme  iliMitnce.  mih  a 

MCCcMilon  of  fall*,  between  two  walla  of  rork  llial 

rite  perpendlcularlr  to  a  hiisbi  o[  sow  10  ssoc 

fe«L     In  p*uSng  uixler  theie  high  poinia  the  lino 

leaves  one  tunnel,  croMcii  the  river  on  a  briilee 

of  Kio  tect  apan  ai  a  helffhl  of  16s  feet  abore  (he 

water,  and  eniera  another  tunnel, 

Ftom  t  to  3.  Fie.  >10.  by  line  of  road  b  4I 
tnil«,  corapriaiflg  eight  tunneU.  An  air-Hne  Irooi 
t  to  3  i*  If  nilki.  Tlie  boriiootal  diaianc*  ftoen  A  v>  B  n  ^%  (eel.  veitkal 
dbuace  310  fe«i. 


FlO.  >!». 
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Fit;.  3>t  ihows   anntbcf   ttrf   pcciUiar   dcvetoftneol— •   fOflibiiMikia    of 
xriicbbacki  Had  borMibots.     From  A  ia  B  hy  Mat  <A  toaA  U  4-9  mlk«,  bjr 

air-lini  1.6  mil**.    TbU  porttcM  afibe 


line  bu  tj;6*  o(  curvaiiue— *n  mver- 
,  ass  of  jM'  lo  the  mile.  Pron  CtoD 
Ibe  hotitoDUl  di>Unca  i*  730  fen,  v«r- 
ikal  di>uiK«  iTO  (e«t.  The  profile  la 
Ihi*  vidolty  Kiut  OQt  iiMpptopflAulf 
kaonnat  "Golfcie." 

Tlir«e  m«p*  taken  to^iber  ■ttll  In- 
dicate, wlui  la  the  laci.  Ihai  even  la 
Ibe  rougbcBt  eounlry  ihrfr  «rc  ccnatn 
localioa*  where  liRiaii  drvclopnena 
ate  more  economical  ihan  iwiirhlMckii, 
•nd  Olbcri  whete  iwilcbtiaclu  >to4l« 
arc  practicable,  wlibout  tbe  berate  «z- 
pedlent  4I  tpiial  tann«l>. 

He.  6.  IKCLIKKD  Planes  and 
Caule  Traction.— This  device  in 
a  crude  f<:>rm,  antedates  the  loco 
motiw  iisctf.  and  wu  u  firm  ilic 
almost  univcnal  rcxan  (or  dealing 
with  what  were  then  cixiutiefcd 
high  grades.  It  is  ntitl  uxed  10  some 
extern,  but  early  paaoed  out  o(  gen> 
enl  uae  as  an  accredited  auxiliary 
to  railiay  inuuponatiOB,  We  may 
admit  that  this  at  the  time  ms  wise 
and  right,  and  still  regard  the  device  as  one  deserving  of  a  rectjgniied 
nandlngaithc  ptocnidajr.    In  all  probability,  within  a(ew  jreara.U  will 

be  much  more  uaed 
than  it  Is  now  (or 
moving  targe  traffic 
over  higb  eleva* 
tions. 

939.  The  arpi- 
nenis  agatnn  tbe 
ufc  ot  planea  an 
thcK: 

r.  It  Introduces  a  break  in  the  continuity  of  the  mnvcment  of  infBc — 
an  argument  of  minor  importance  which  must  always  exist  in  some  desrve. 


Pn.Ms. 


Fio.  m. 


■ 

I 
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1.  The  power  and  working  force  ncceesanr  to  opemic  the  planes  must 
always  be  on  li«nd  and  available,  at  nearly  ihc  Mtiie  cost  whether  work- 
in);  or  idle,  and  (wasibly  a  good  pan  of  ihc  time  idle. 

Thii  was  a  v«ry  tenous  matter  in  early  days  when  traffic  was  light, 
but  it  Krowg  les&  so  as  Itie  movement  of  tratiic  becomes  so  great  as  to 
■approximate  to  a  steady  stream  of  cars — a  condition  which  exists  on 
iiany  lines  now  operating  steep  grades  with  locomotive  power,  h  was  a 
leading  (uctor  ia  causing  the  abimdonment  of  planes  in  the  early  days  of 
railway*  ;  hardly  subordinntc  to  tlie  (ullowiag,  which  was  perhaps  atone 
decisive: 

3.  Formerly,  planes  opcriited  by  stationary  power  were  necessarily 
short,  Mraighc,  and  on  a  uniform  gradient.  This  made  it  essential  topo- 
graphically, even  if  it  had  not  been  mechanically,  that  ttic  pLiries  should 
not  belong,  but  tbaianumber  of  them. separated  by  IntcrveniiiH  strrtchcs 
d(  "  level."  should  be  used,  greatly  iucrcasiiig  the  awkwardness,  delay, 
kiid  cspcnsc  of  the  process. 

4.  A  certain  clement  o(  danger  from  runaways  aod  breakages  exi.Mcd 
wid  still  exUts.  whicli  wa;s.  honevcr,  not  a  sert(»is  nor  governing  cousid- 
ermtion.  even  when  the  oal^  cable  was  a  hemp  rope,  as  in  the  caily  planes 
at  the  Allt^hany  ['oriiiKe  on  the  Peunsylvania  State  canal  and  railway 
system.  >ind  it  is  still  less  so  now. 

030,  On  the  other  hand,  besides  the  advantage  of  the  vast  increase  ol 
.traffic  which  would  enable  stationary  power  to  be  constiintly  employed  at 
many  points,  the  perfection  to  which  the  cable  system  has  been  brought 
jn  recent  years  has  greatly  changed  the  conditions  of  the  problem,  and 
favored  the  use  of  well -designed  inclined  plane*  in  connection  with 
railways.  Passing  the  qiicstifin  ol  how  they  should  be  designed  (or  the 
moment,  the  atjumcnts  favoring  the  use  of  inclined  plaaes  of  whatever 
lype  are  these : 

1.  The  great  expense  is  saved  of  lifting  the  ponderous  motor  itself 
op  and  down  hilt.  Assuming  evei^-engine  to  be  fully  loaded, and  assum- 
ing a  light  Oinsolidaiioa  engine  with  tender  and  caboose  to  weigh  So 
tons,  we  may  deiiiicc  from  Table  170  the  following  Table  189.  showing 
tlie  proportion  of  the  total  power  exerted  which  is  thrown  away  in  Don- 
productive  work  r>n  the  motor. 

).  The  power  it  not  only  wasted  in  the  proportion  shown  in  Table 
189.  but  is  more  costly  per  horse-power  for  several  reasons: 

(a)  The  fuel  burned  per  horse-power  is  much  greater  ihan  in  a  good 
and  powerful  stationar)*  engine  fTabIc  168.  page  531). 

(fi)  As  one  stationary  engine  doe*  the  work  of  from  five  to  thirty 
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locomoiives,  Th«r«  iiia  correnponilingiiavingin  maiiitenaiKC  of  maebl 
and  in  wa£«s  of  engine-  and  ualn-nicn. 


Taiile  189. 


^ 

'■*< 


pKornsTiOK  or  ths  Dbad  ok  Wastr  Wcicitt  (op  Encimx.  TwrDDi. 
Cavodxk)  tu  niK  Total  PAyiHC  WmciIT  (op  Caks  axd  FkkiokT) 
Vakiovs  GRADr^ 

[An  adiliiion  of  j  ion*  hu  bran  n»<lo  to  ih*  wvtitta  of  an  Anngv  CooMlidblloa  bi 
T*blc  ITC^  ai  briUr  mrrnpuniltiiK  to  <he  mora  nctM  pncUot  (Talile  la^.  uidanRc. 
•pondloc  nbiruilon  of  5  loos  ((om  ihe  load  e'^'vo*  In  addliioa,  a  dcdanlna  n/  aa  pet 
ont  hu  brcn  auuJc  from  (lie  IihxI  it<>vii.  u  jui  aUawMice  for  Ui*  tiEhMr  wlnMr  badai  ik* 
tcaot  Icvlini:  nl  maii)r  iniiit,  and  li|;tii  uvn*  in  om  direction.  Ai  ■□  >v«nce,  (kit  allow- 
■oee  ihoDk]  b«  laniM.I 


Wkiokt  nt  Tom 

IVt  C»nt 

r.mna 

WclRht  KnRtM 

Pan  Cbht. 

,  Knm«. 

Train 

Doi  Avcnae 

ID  Aicrin 

Tndet,  ud 

br 

ol 

P^ns  WiikM. 

C4toaN. 

Table  •!& 

All  Tnint. 

1.0 

So 

TO6 

S6S 

U-l 

l-S 
s.o 

3?l 

399 

30. 0 
a6.s 

3.' 

SW 

»» 

3J-4 

3t 

*44 

igs 

41.0 

JS 

so> 

i6a 

M4 

4.0 

170 

136 

S8.8 

50 

«34 

m 

So.S 

&.0 

9» 

74 

13S.O 

W  Tht  wear  an<l  tear  of  track  due  to  itie  locomotive  is  saved,  which 
to  about  tiaU  of  the  whole  cost  of  running  them  (p-V-  7^)-  Againtt 
this  la  to  be  balanced  ilie  Ioms  of  power  by  the  fcKtion  of  the  rope  or 
cable,  but  tliis  ■»  comparatively  a  small  percentage  on  a  grade  plaoe. 
although  ft  very  large  percentage  on  level  cable  railwayv  The  cable 
friction  being  constant  per  mile  decreases  in  relative  impoiUnce  iu  the 
grade  is  higher. 

<i/J  The  modem  cable  syBtcm  powcMca  several  advantaEcs.  aa  notubly 
(hat  of  beine  used  on  curves,  which  none  of  the  older  and  simpler  (onuB 
tA  inclined  pinner  pos«c!sed. 

3.  Apart  from  the  r<»t  of  the  mechanism  for  opentling  the  planes 
(which  may  be  balHnced  roii(i'"ly  aRaimt  the  cost  of  locomotives),  the  u»e 
of  inclined  planes  will  ordinarily  cheapen  the  cost  ol  construction  <» 
teriaiiy,  although  ibia  may  not  be  invariably  the  om- 


C//.  XX.—MMi/UCiAfG  KA  TE  A/fD  COST  OP  UiGH  GHADES  68(> 


a 


931.  If  ««  cnntrlvr  (hr  normal  type  o[  a  passige  over  a  summit  lo  be  thiit 
vhowo  in  Fig.  331.  ilie  manner  at  adapting  the  name  tommil  to  the  um  u(  In- 
clined pUnci  may  be  ihni  o\  either  Pig.  sij  or  Fig.  334-  In  Fig-  aJJ  the  cant 
ate  haukd  directly  up  bd  inrUn«>J  pUno  (or.  f, 

■1  necenvjr,  up  two  or  more)  at  (^  and  0  to 
>on»  point  d  Bod  A  which  ii  high  enough  fur 
inc  CNT*  10  deteend  thence  nver  the  entire 
^litnticc  aCB  or  iCA.  pretumiiblr  In  »hon 
lifting  III  ctMrgc  irf  one  or  mure  bmlceimen. 
The  iMwer  Mored  la  the  c«r«  it  ihiu  not  lo«t,  by  h»vinB  to  be  shortly  aft«r 
il«^tr<iy«d  by  the  brake*,  but  In  gicAt  il<i;rcc  iiiihtcd  lot  propulfii^n. 

933.  This  economy  oJ  puw^r  mav.  ondet  r^vitatile  <iiv-um*tJince«.  be  carried 
itiU  further  by  the  mnitdintioo  of  the  aiutilnry  hms  iJ  umi  ii,  Kit-.  :i4.  «oa< 
to  extend  (he  pUn  In  FiR-  3!}  to  that  tho-nn  In  Sig.  334.  By  llie*e  auxlliwj' 
linea.  niter  the  cnn  have  aa- 
eroded  the  ptane>  A  uml  ft  rt  a 


Pico*. 


or  A,  ihcy  run  by  gtnvlv  i->  the 
poinli  e  or  J,  wheie  \.xt  il«> 
K<nd  the  plane,  thus  auUiing 
by  Uieir  Rravily  in   pull  other  Fia  n]. 

car*  epit.  andmakini:  ihr  unlv  mntive-poirrr  reqairrd  (Tnexcnsntciible-frklion) 
— th»t  n<«e«jtry  10  lilt  ihc  can  ihfftugh  ihc  dinlancc  r/aintt.  irhich  i»  neee»«ary 
to  enable  Ibem  in  tun  !iy  Krat'ily  lu  the  oppmlic  plane.  If  itic  Ili>un<%•l^  were 
Ittcat  enough  to  in.iki*  it  <l(;^i:a1>1a.  a  iiMtiy  Inret  ifji:l:  miicht  )<e  U<i<.  and  loru- 
inoiiTe-pourer  meil.  but  this  tnTolven  ihr  dltii(trai)la|>e  th.it  the  Incatiin  i>  more 
diSiuIi  4nd  c^tsilr.  becaute  the  gradients  hjve  to  be  considered  In  both  direc- 
tion*, whtirew  ilir  •lupliraie  gravity  traclts  may  be  laid  out  on  different  rouiet, 
-tach  of  ■hkh  ne«l  bp  rav»ra> 

b'a  Rt  mniioii  In  one  direction  *  f  h 

Mn  f . 

933.  ThcorctieaJly.  the  *y8- 
tew  *^.;lrtc'i  in  rig  2H  ram- 
olXBly  tlimioates  the  Joj*!' 
vaniage  of  the  elevation  »iir- 
Moi-nted.  however  hifih,  leuving  the  only  Io«s  of  power  that  which  vonid  reittlt 
K  H«e  track  were  lerticilly  ptojctled  otito  the  plane  AS.  FVaclieally,  It  will 
t>f  course  lull  far  short  nl  tlii».  but  may  be  made  to  give  lOiDc  approacli  in  it.  and 
liin  the  ptivilege  of  inlinducinK  a  few  easy  breaks  of  line  ami  c^ailr  an  the 
plane,  whtrh  ts  practicable  by  the  cable  aysieni.  no  Kieal  diSiculty  is  likely  to 
ante  in  laying  out  long  pknct  ndvanta^'enusly. 

934.  Tht:  modem  cable  srstcin  liai  not  yet  been  used  to  any  conaii]- 
cratile  extent  us  an  auxiliary  to  nnlin.iry-  railway  traflic.  although  it  b 
lendine  '"  tlwi  direction.    It  originated  at  the  city  of  San  Fraitciscot 
44 
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from  tlic  iH-cnsity  r>(  supplying  street-railway  trsnaportOlloD  on  blf^h 
graduH.  In  ii§  essence  it  consists  in  using  a  coniinuously  moving  jni) 
endless  wire  cable  to  which  tlic  can  arc  attached  bj- friction-gripe.  Instend 
of  winding  up  nn  a  large  dnim  a  ropc.chain,  or  flat  hand  of  metal  ol  tbc 
length  of  Hie  iiKlinc.  rtquirmg  that  the  cngme*  «linuld  »ian  and  stop 
again  nficr  tnking  up  each  load.  The  madcrn  «y>teni  hux  l>ecn  brought 
to  grrnt  perfection  f<M'  utreci  u.-u:.  and  has  aprcud  very  rapidly  in  itpitc  ot 
thi:  ditbcuttv  and  expense  involved  in  covering  up  the  cable  l)eliiw  the 
street  level.  U  hua  been  described  with  rem ;irk able  fulness,  in  all  it* 
details  of  constmction  and  workia|{,  in  various  papers  before  engineering 
soc'ietii--3  and  in  the  leading  technical  Journals. 

93^  Ci(vijm<^tanccs  favoring  the  use  of  this  particular  form  for  rati- 
iray  Kallic  arc  :  (i)  The  cable  would  no\  need  to  Iw  covered  up  and 
gripped  at  »omc<li»advnntngc  through  a  narrow  *Iit;  <;)  ((fingprimanlj  re- 
quired for  vertical  and  not  lor  horixoninl  irant ponation.  the  incline  rould 
be  made  steep  at  the  expense  of  length  and  speed,  reducing  the  chief 
soitroeof  loss  in  street  service,  friction  and  wear  »l  ealrtn :  (3)  the  grips 
having  10  be  applied  only  at  the  bottom  of  the  plane,  and  released  only 
at  (he  top.  could  t>c  made  very  powerful  by  duplicating  ihent.  or  other* 
wise  ;  the  grades  at  ilie  bottom  of  the  plane  could  be  made  favorable  for 
getting  the  cars  quickly  under  way.  and  with  speeds  of  not  excrerling 
three  or  four  mile«  per  hour,  which  would  be  quite  fust  enough  for 
economy,  the  grips  cnuld  be  applied  and  released  by  men  jumping  onto 
the  grip-car  for  ihai  purpose,  so  that  there  would  be  no  necessity  lot  any 
one  riding  up  or  down  the  plane  with  the  cars. 

The  »yst<?m  is  rertaintv  one  nf  much  promise  for  such  localities  and 
conditions,  and  the  necessity  of  the  uimont  economy  in  transportation 
warrants  its  ciireful  study,  and  will  probably  bring  about  its  gradual 
adoption,  with  details  adapted  to  the  pr-culiar  requirements. 

936p  a  final  expedient  for  reducing  the  disadvantages  of  gradients  la 
the  RACK  KAtLWAV.  the  mocit  perfect  form  of  which,  and  the  only  one 
promising  general  itacfulness.  is  the  Alit  system. 

Ttie  Mt.  VVasliinglun  Railway, in  New  Hampshire. designed  bySihes- 
ler  Marsh,  was  the  first  exuini>le  of  a  rack  railway.*  The  device  con- 
sists, as  its  name  implies,  in  a  pinion  operated  by  a  separate  cylinder  on 
the  locomotive,  winch  engages  in  a  fixed  tack  laid  between  the  rails.     It 


•  The  Rhi^'i  Ktilwr.iy.  M.  Riebenbach.  enffineer.  was  an  almon  exact  copy  of 
every  cMenii:il  <l<i»i1  i>(  ihe  Ml.  Wublnstton  line,  bui  In  a  not  pinicutariyered* 
liable  way  w»  labelled  the  "  Sysl&nc  Rlcbenbacb,"  aoil  in  so  known  Iliron^ 
out  Europe. 
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thus  «1iininutc3  wlial  we  have  seen  to  be  ihc  ni(»t  Ncrioui  Ilitfareticat 

(defect  ol  the  locom (Hive— thai  its  iractive  power  cmiiiol  be  increased  in- 
■lefiniie))-  at  the  expense  <A  speed,  but  only  within  nurrow  limits.  In  its 
originiil  form  it  had  many  ilcfeets  which  the  Abl  system  eliminates,  but 
hs  pr.iciieal  utility  as  an  adjunct  to  ibc  normal  operation  of  railways  hus 
not  yet  been  fully  dcmnnstratci).  and  must  lor  the  present  f  1S86)  be  re> 
Itiardcd  as  sonKwhat  doublfu), 
H  937>  The  (alkni  fulutei  of  the  Abi  »y«icm  are  these ;  The  ingenious  cn- 
t*C'iK  rack  hy  which  a  locomotive  may  apptoacli  ihc  (do)  of  11  rock  jjaAv  at 
tnme  eontiikrable  speed,  with  certaimy  thai  the  pinion  will  engage  quickly 
«mI  without  shock  with  the  (ack  .  the  Improvctl  manncT  ol  coiitlructlnit  the  laek 
«J  paiallcl  ban  with  llie  icclli  M^i^ifrnd  ;  [hp  piaion  or  driving' wheel,  which  i* 
coastrttctnl  in  aection*,  each  capable  of  a  siighi  spring,  *o  as  lo  eniute  perfeel 
<iad  HiWftlli  conuci  with  the  tack  -.  the  use  of  the  onlinnry  ailheilon  cylliidct* 
MalinuouMy  10  lend  what  aid  Ihcy  can. 

On  [be  oihci  liaiid.  ihefe  is  ihe  complication  of  the  machine,  and  Ibe  dlA- 
<uhy  of  keeping  the  tack  in  working  order,  especially  la  the  wlnicr  In  cold  cli- 

■  males.* 
938.  A  device  for  aceompInihiniE  the  SJime  end  a*  ihe  tack  railway  in  a  dif- 
lereiil  way.  which  has  not  proveil  eiiualty  merituriouti  in  practice,  it  the  fkic- 
nOK-(iRii'  (AiLWAV.     In  ibi*  device  mo  friction  driving-nhcclt  engage  with  a 

ftcDitaJ  rail,  being  pressed  againat  ji  with  any  desired  loccr.  rci;aidleM  i>l  the 
wriKhl  on  <he  engine  iinnif.  While  the  device  liaa  been  u«ed  nuccestfully  in 
several  special  locations,  ii  poHesses  no  features  to  make  it  of  general  uiiliiy. 
It  la  generally  known  as  the  Fell  Syiicm.  and  was  used  at  Ihe  Mt.  Cenli  Etall. 


■war- 
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■  939.  In  th«  main,  nil  climbing  done  by  tiains  oil  pusher  or  biRli 
gnutci  ia  so  much  dear  loss.  The  power  thus  stored  in  the  tr^in  by 
lifting  it  up  not  only  tlocs  no  good,  but  costs  more  looncy  10  destroy  by 
means  of  brake*,    ll 

^_.|a  a  peculiar  advan- 

^bane  of   the   use  of 

"pushers  i  hat  this  need 
not  be  invariably  nor  a' 
ncccMarily  the  case, 
for  under  certain  fa- 
voring circiim  stance* 
it  is  possible  to  utilize  a  portion  of  the  work  thu-i  wasted  by  sceuriitK 

*  The  Abe  system  is  mote  hilly  described  io  a  paper  by  W.  W.  Evans,  Trans. 
\.  Soc.  C  E.,  MaKb.  1886. 
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from  it  Mofncthing  n(  the  advantiigcA  of  a  cRAVtTl'  XAILWav,  a  ^ipioU 
proAtc  of  whidi  U  :(huwn  in  Ki^.  32j. 

The  sTiivity  raitway  doe»  of  Kt  purjKMe  and  to  secure  an  advantace 
what  the  unlinary  railway  only  does  of  necessity  aa  an  unmitigated  iIb- 
advunUiRC:  vix..  It  seeks  out  ccrtala  high  elevaiions.  and  ascends  to  iheia 
u  quickly  and  by  as  steep  a  grade  as  possible. 

Tliii  it  (Iocs  for  precisely  ihc  same  reason  that  coal  is  pat  oa  the 
tviiiler,  viz..  to  .^lOKK  ikiwkk  IN  T1IK  TMAIN  :  Only,  ID  ihls  case,  tlie 
power  is  ready  for  iiuiiint  spplicstion  withtmt  chan^  of  funii.  It  U 
utilised  for  propulsion  inxtcad  of  being  thrown  nviiy  in  wearing  out 
wheels  and  brake-shoes,  by  Lkying  out  froiu  the  hijjh  elevation,  to  which 
the  train  is  lifted  by  a  plane,  a  continuous  cleKending  Kradicni.  on  a  0^7 
to  1.0  per  cent  (£radc.  until  tiK  lowest  posailile  puint  is  rc-ichcd.  TIk 
train  is  then  hauled  up  to  another  hi);h  elevation,  and  the  mioic  pnKess 
oonlinurfi.  giving  a  profile  like  Fi(;.  12;.  Tlie  uHcent  \»  made  by  viji- 
tionjiry  power;  but  thai  due^  not  aRcctiheprinciple.  which  is,  ibat.  as  high 
elevations  rauM  itt  points  be  surmounted,  it  is  better  to  do  so  by  a  sys- 
tem which  ulilixes  the  work  tlius  dune  for  proptilsion  inMead  u(  muting 
it  deslruirtively. 

940.  There  is  one  serious  drawback  to  (his  system,  th.itcars  c.-in  pass 
o\'er  tite  line  in  only  one  direction,  so  thai  it  nece^siuitci  an  entirely  in- 
dependent return  truck,  however  light  the  trjlFic.  Nevcrtlielcxs.  it  luis 
been  and  is  Kill  used  to  some  eatenL  It  orijciniited  (in  this  country)  at 
Mauch  Chunk,  before  the  locomotive  had  (airly  been  invented,  and  was 
afterward  embodied  In  two  prominent  lines  in  Pennsylvania,  and  in  a. 
numlierof  sinailcr  ones.  One  of  these  lines  has  recently  been  abamtoned; 
but  f(>r  reasons  Inritcly  independent  of  the  engineering  merit  of  the  sy^ 
tern ;  the  other  is  still  in  operation. 

TbcM  tm>  lines  are: 

Ptnnsfhamia  Ctat  Cf. — 47  miles  double  track:  4  ft.  3  In.  fUte,  )6-lb.  rail>] 
93  Mationory-enflne  bouies  and  as  many  plsocs,  or  about  aM  fnr  evFry  fonr 
mile*.  Aver»Ke  cp«ed  of  paueci|[cr  iralus  15  allies  per  hour:  freight  mins.  to 
in  lies  per  buur. 

OtUvawr  b"  l/aJtm  Cam/  Ct. — 3>  niile^  of  double  track;  4  It-  3  In.  K>UKe; 
4{  to  tfi  lb.  raili:  30  lUtionaiy  engine*  and  us  msay  planet,  o<  nlxnit  on*  ntrrj 
Hint  miles. 

The  advantaicc  of  the  [dan  is  that  it  puts  the  undulations  of  the  sur- 
face which  cannot  Ik  avoided  into  the  harness,  as  it  were,  by  making  t  beta 
a  necessary  part  o(  the  system  of  operation.  Moreover,  motion  in  only 
one  direction  has  to  be  considcfed,  sotbai,  so  tong  as  the  train  keeps  di^ 
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jKTmling,  weure  in  a  mi-a&ure  indcpcndcot  uf  the  rate  of  grsdc,  and  econ* 
umy  <»f  conxttuciion  is  pronvjtcd. 

To  balance  tbe  disadvantage  al  having  to  construct  lw<>  Independent 
tnck4  there  is  a  certain  economic  advatiiage  in  a  double  track  even 
when  traflic  is  light. 

941.  The  extm  cost  o(  liuvint;  to  conitruct  two  independent  lines  has 
undoubtedly  been  m  )i;a»  past  a  leading  (actor  in  impeding  a  more 
f-eiierHl  use  of  this  plan,  until  now  cngin^ringpiaciice  seems  to  condemn 
It.  but  ihii  undct  certain  exceptional  circumstances  it  miglit  still  Ik  ad- 
vHiiuif-couftly  u«e<l.  hardly  ailmiis  of  doubt.  The  merits  or  demerit*  of 
ll»e  gravity  system  in  its  entirety  depend  chicfiy.  it  is  plain,  on  wlicthcr 
or  riflt  inclined  planes  operated  by  stationary  power  arc  cconumiciil  as 
compk)red  wiih  the  locomotive.  But  whether  or  not  the  plan  as  a  whole 
be  advantageous,  il  is  plain  thiit.  If  we  have  lifted  a  train  by  any  kind  of 
pi>««r  to  a  high  elevation,  that  feature  of  the  gravity  plan  is  economical 
which  iitiliies  the  work  thus  done  instead  of  thrnwing  it  away,  and  this 
may  odcn  be  done  willi  pusher  grades,  provided  the  traffic  be  sufficient 
10  make  certain  short  sections  oi  double  ifiick  in  the  immediate  vicinity 
(•1  tite  pu4lier  grades  a  dcMrable  feature ;  which  ii  very  apt  to  be  the  case, 
Buiice  the  mere  existence  of  iliose  grades  practically  doubles  the  demand 
upon  ibc  track. 

942.  Thus,  supposing  a  summit  is  to  be  passed  over  from  one  valley 
GO  another,  or  a  plateau  of  some  width  to  be  ascended  to  and  descended 
from.     Ordinarily  ihc    pro-  p 

file  over  such  asection  would  -'""*•—..£ 

be  something  like  the  solid 
line  In  Fig.  ii^.  there  being 
certain  naitiral  difficulties  in 

gettmK  favorable  gtridcs    in  -/-•  \^ 

more  than  one  direction  be- 
tween II  and  P,  so  that  the  whole  stretch  AE  is  practically  a  single 
pusher  run.  If,  in  such  case,  the  grade /fj9  can  be  prolonged  10  some 
hifcher  point  and  from  tlience  carried  on  a  favomblcgmde  for  trains  go- 
injt  to  /:  to  a  junction  at  some  point  D.  the  expense  of  running  pusher 
engines  both  w.-iy<  over  the  distance  /ID  will  be  saved,  at  the  expense  of 
constructing  the  »bort  section  o(  duplicate  track  HFCD. 

943.  Ai;ain.  let  u* suppose  a  common  case,  ihat  we.  are  carr^'ingalinc 
ihroug))  a  valley,  a  part  or  all  of  which  has  an  irte^lar  descent,  so  that 
■n  extremely  favorable  line  may  be  ba«l  (or  train*  running  down  the 
vxlley  auch  as  Fig.  117.  but  favorable  grades  for  ascending  it  can  only  be 
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luid  with  some  difficulty  and  expense  la  9om«  case*— not  bjr  iuiy  iiKans 
in  nil  c-uM— it  would  be  |ji>»ibk  (or  a  return  tnck  to  m«l(c  at  once  (or 
soniv  higti  ]x)int  C  oa  a  f idgc  ur  crest,  and  iIkiicg  to  main  (or  the  point 
A  with  level  cm  descending  or  biit  iihghlly  ^aweiidtii^  ^^dcs.  by  a  ridge 
Itnc  or  a  dlfiereot  vslley  llncuhidi  would  Ik  (or  llie  most  pHrl   light. 


PMLiar, 


Nat  only  is  lifchter  construction  per  mile  of  track  almost  cwrtainly  attain- 
able, wlien  tliUU  possible  «t  alt,  but  economy  of  opcmt ion  is  much  pro- 
aiotL-d.  because,  instead  of  having  to  run  shon  trains  bolti  ways  between 
A  and  /!,  because  i>(  the  opposinK  grades  iKt,  out  ri>utive-pvn-er  ii  vnly 
taxed  appreciably  on  the  )iiu>hcr  grade  BC.  througtkoui  tlic  round 
trip. 

N  evert  he  less,  if  them  be  not  tralfic  enough  to  requite  or  justify  two 
tracki  any  :ttleinpt  of  this  kind  would  prubiibly  be  iincconomim). 

944,  But  after  all,  a  plain  continuous  descent  from  a  summit  to  ib« 
pliiin  below  will  ewr  remain  the  iionnal  type  for  location,  utich  dcviccsas 
Kpirals.  swili^htKicks.  and  (•Ihert  being  the  exception.  In  all  but  the 
most  ruggc<l  countiy.  say  wherever  most  of  the  xurfoce  to  be  built  over  is 
not  li.ire  rnek.  KOud  and  cheap  lines  can  usually  be  obtained  by  following 
ihcie  two  rwlea : 

i-'irU.  Do  not  attempt  to  secure  too  low  n  grade-line  by  more  than 
a  moderate  amount  o(  dtvelopmenl.  renn-mbering  ihut  on  piisher  plani^ 
the  HATE  o(  (jrarle  is  comparatively  unim)H>rtani  (par.  747  and  TnWe  i8i>. 

Sfi0Hil/y.  Do  not  adopt  a  limit  of  cun-aturc  too  easy  for  the  topog- 
raphy, unless  the  Importance  of  the  line  and  its  probable  revenue  will 
certainly  warrant  it.     (See,  liowcvci,  par.  S83), 

94ft.  The  railway  system  of  Colorado  is  a  splcndi<i  example  of  whai 
may  t>c  aceompli&hcd  by  the  application  ol  these  two  rulrx.  The  (act 
that  ii  was  !;ti<l  10  narrow  gtiuge  probably  gave  courage  (or  adoptinc  such 
alignment,  but  it  was  not  at  nil  necewmry  for  Its  snceess,  as  we  have  eU«- 
wherescen  suflicicnt  gronndit  in  belic%'e  (in  Chaps,  V'lll.  and  XXIII). 
In  (net.  it  is  only  a  question  n(  time  wh«n  these  lines  will  be  retaid  tu 
standard  gauge  without  any  essential  change  m  tbcir  alignment. 
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There  is  pmbAbly  no  sjfrtcm  vA  mads  in  the  world  which  is  »o  wriE 
worthy  of  ihc  study  o(  encinccrs,  bccsusc  ol  the  niarvcltous  clicjpnc 
with  which  it  has  been  rarricd  through  the  most  lorbWHing  regions.  *'\A 
certainly  as  ^ood  aii  illustration  nx  nny  of  what  has  been  doit c  in  (his 
w«x  i'lbe  "High  Line  to  Lddville.'on  the  Denver.  South  Park  &  Pacific 
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Pin.  •je.— Pko"!-*  Of  Ti'i  L«T  Sj  HiLU  or  iiii  ■  Hjtni  Lixi  TO  Laa&viUA. 

(Gnd^  tnijjc&tcfl  tn  fcr  per   milr-    Tlic  hvAvy  bijick  hnr  iniiJtiiK-*  ihr  McitAft  fb««n  hn  Flf- 

ifM.  *  VKW  tran  ilK  Iqwcc  <ad  of  wbieh  11  ihotrn  m  KIe.  iti.] 

Rnilway.  now  a  ;iart  of  the  Union  Pacific  system.     Tbc  total  cost  of  ihi 
line  was.  as  nearly  a<  iii«y  be.  (30,000  rash  per  mile,  anri  this  was  like- 
wise  very  close  10  tlie  cost  of  the  shon  seriion  shown  in  the  lar^c  iwap 
In  FiK-  319>  one  of  the  moat  interoting  views  on  wliich  is  slwwn  lii 
Fig.  «S. 

For  this  sum  the  line  was  eanied  over  three  summit*  over  11,000  ft. 


I 


r  View  in  Fij.  j^j  h  i:ikca  from  ihe  ri|;hi  ap«l  ^"  *»«  fi«-  'J"^  P-  'V^ 
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high,  two  of  which  are  shown  in  Fig.  230,  and  for  a  large  part  of  the  re- 
mainder of  the  distance  was  carried  through  the  narrow  and  tortuous 
channel  of  the  Platte  Cafi- 
011.  where  long  stretches 
of  the  work  arc  in  solid 
rock,  and  where  fills  were 
impussiltle,  it  being  neces- 
sary' 10  support  the  line 
<>n  retaining- walls  when 
nut  in  the  solid.  These 
retain ing-n alls  are  among 
the  most  interesting  en- 
gineering features  of  Col- 
orado. They  are  dry 
and  very  cheap,  but  very 
solid,  and  give  no  trouble. 
Tiiey  were  generally  the 
first  work  started,  and 
were  carried  along  as  far 
as  possible  before  the 
rock  excavation  was  be- 
gun. 

946i  The  probabilities 
are  that  in  the  hiinds  of 
engineers  not  driven  to 
economy  iiy  necessity,  and 
constructing  by  what  have 
been  regarded  as  ortho- 
dox standards,  ihese  works 
wonlfi  have  cost  tour  or 
five  times  what  they  actu- 
ally have,  while  many  of 
them  would  have  been 
wholly  impossihle  at  any 
cost.  In  Kig.zsgwi!  have 
clearly  before  us  the  chief 
cause  of  their  economy^ 


Fig.  331. — Map  or  Twi?  "High   Lihs' 

LkADVILLK. 


FBDh    DufVlIt  TO 


the  comparatively  Tree  use  [TbeBtctionodinF  shamm  by  profil*  inFle.ajoiiindiuiieil 
of  very  sharp  curves.     On  '''' "«  '""'•"  ""  '"""^ 

the  11.2  miles  shown  in  Fig.  229  there  are  in  all  127  curves,  or  11. 3  curves 
per  mile,  divided  as  to  degrees  as  follows : 


698  CIIAS'.  XX.^DUJ'LICATE  TflACKS  FOR  PVSHER  GRADES^ 


1:; 

s-: 


.  a 
.  6 

.  3 
.  « 

■  4 

■  7 
.  I 

■  ■3 


ToiAl .....40 


II'. 

la*. 
IS* 

14*. 

IS*. 


Toul. 


•33 


•' 

14 

!»' 

'»: 

so' 

ai* 

aa* 

■a; 

M' 

— 

asi* 

T 


.~    I 


TouI 


Strike  out  all  curves  xhaqwr  than  10°  (573  ft.  radius)  from  tllb 
and  wc  multiply  the  exM  by  ftt  I«a«t  four  or  five  at  once ;  besides  whii 
tliis  {Ntrticular  line  beouroei  wholly  impossible,  since  tbe  turn  could  oot 
have  beer)  mude  around  "NigKtrr  Hill"  our  in  "lltinots  Park"  in  the 
centre  of  the  view.  A  tar  steeper  grade  or  an  eniirely  different  route 
would  therefore  have  had  to  be  chosen.  It  sltould  also  be  ttoted  that  one 
lide^  over  these  curves  without  the  slightest  wiisc  of  insectirity  or 
dimmer,  nor  have  tliey  proved  to  be  especially  dangerous  in  operatioa. 
The  motiOB  around  tbem  Is  aa  smooth  as  around  any  of  the  enia 
curves. 

Tlic  writer  has  no  dcliniic  knowledge  as  10  whether  the  general  rouie 
which  gave  so  very  bad  a  profile  as  this  line  has  was  really  ifac  besi 
and  must  be  undcr(too<l  to  cpeak  only  of  the  deiaiis  of  the  locaiiun. 

947.  Fig.  333  shows  comparatively,  on  the  same  sheet,  a  number  1 
the  great  incline*  of  the  world,*  and  Table  190.  with  its  long  foot* 
adds  details  of  many  others,  tbe  whole  not  making  a  complete  list  by  1 
means. 


*  Only  iIm  lines  sbnwn  la  compsrailvriy  heavy  bsM  on  this  pUle. 
The  Jalspa  line  from  Vera  Crur.  Ihe  Denver  £  Rio  Grande,  ibr  Penniylv 
and  the  Datlimorc  ft  Ohio  are  of  the  writer's  tomplllng.     Tbe  rcnuioder 
been  reprotlucB)  fium  a  plate  preparc<l  by  Ur,  W.  \V.  Rvaas.  M.  Ani.  Soc.  C._ 
E,,  to  fhow  the  Peruvian  lines,  anil  be  in  lam  was  Indelxed  10  E«ci>pean 
(bufltle*  (or  tbe  admirable  presentation  of  Enrapean  rall(va)-s,    Cua>p«: 
ilistancei  arc  o(  cnurw  10  tw  esllmaied  by  the  borliontal  dbiance,  since  Ibr  e>^ 
aggeiated  vertical  lealr  rxaencraies  the  slant  length  gicatly, 

A  small  profile  of  the  Mexiean  Etailway  h  sboon  on  the  map  hi  Appendix  C 
It  (Ould  not  eonvenienily  be  added  in  this  plate  for  comparisaQ  whfa  the  Jal*pa 
tine,  lis  Kcncral  nature  wlit  be  Indiraied  by  ptojectlng  a  4  per  cent  ffTMte  Ipar- 
ali*<  with  the  Pornvian  line)  from  Las  Vi|[ai  somniil  to  (be  level  at  Jalapa.  aad 
then  cnniioulnR  down  to  sea-level  with  mixed  i\  lot  percent  grades.  wlihsoMtc 
Wnn  deration. 
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Table  190. 
Various  Gkeat  Inclines  or  the  World. 

[The  body  at  this  table  i«  (with  coirection  ot  a  number  of  etrara)  a  list  given  id  Tit 
Engineer  of  July  17,  1885,  as  a  i-ompleie  one.  The  notes  beneath  give  various  other  and 
much  greater  inclines  omitted  from  the  lii^t.J 


Nahr  09  Ihclini. 


Giovi 

Scmmcring, ......,.., 

llhore  Ghaul 

Allegheny 

Tabor  (Chili) 

Kadugaiinawa  (Ceylon) 
Ambagamuwa 


LenEih 

of 
Incline, 
Miles. 


6 

til 
Hi 
15 
12 
III 
'9 


Totjil 

KlH. 

Feet. 


834 
1,325 
1,831 
:,690 
1,360 
1.3S8 
2,227 


Giu 

DS. 

At. 

Mu. 

p,  c. 

p.  c. 

3.78 

3  45 

2.11 

2.50 

j.o3 

8.70 

2.13 

2.15 

2.2s 

2.22 

2.12 

2.22 

2.27 

Mui- 
Curve. 


4    10 
8°  40' 


S 
9° 

9 
8" 

'9° 


45 
30' 
30' 

o' 


Lenetb  of 

Tunnels, 

Miles. 


2,25 
2.66 

2.26 


.83 
.30 


[lit  addition  to  tbi^  liat  there  is  to  be  an  extension  of  the  ^ame  Ceylon  railway  which 
"  will  also  involve  a  further  incline  of  t2  iiiile^  rising  1359  ft,,  on  which  an  avera^  gra- 
dienl  i>(  3- is  per  cent,  with  a  maximum  ot  2.227  per  cent,  will  be  compulsory,  as  will  also 
the  ad^ptL4in  ot  cutves  as  sharp  as  19°.'^] 

T(i  the  above  very  inadequate  list  may  be  added  the  following,  the  whole  Dot  making  a 
complete  li^t  by  any  njeans  : 

Afencan  l/ail:vjy. — Rises  6412  ft.  in  53,9  miles,  4  per  cent  maximum  grade  (2y,  aver- 
ai^e),  »ith  325  ft.  curves  radius  (i7''4o'}  and  16  tunnels.  In  this  distance  it  also  rises 
3372  ft,  in  12,5s  miles,  3,57  per  cent  average  grade  and  4  or  5  tunnels. 

The  air.line  distance  between  the  extreme  points  of  this  latter  section  is  less  than  four 
miles,  but  it  incluUfs  the  b,i/a,  ox  boot,  so  called  from  its  shape,  nearly  eiglit  miles  long, 
and  rising  to  a  point  ori  the  ^lo|>e  of  iIik  mnuntain  which  (o  the  eye  seems  almost  vertically 
over  the  |M*inl  at  which  the  "  b*>rii"  bej^an  1650  ft.  below,  and  which  is  certainly  not  over 
one  mile  dlManl  from  It  hnrijcon tally,  ci^'ii^?  an  outlook  which  is  even  more  startling  to  the 
engineer  than  tu  the  aver,ige  traveller, 

Oroy.1  kailioiid,  I'ri  11. — Rises  2.552  [I.  in  16  miles  on  a^  per  cent  (i  in  40)  nxaiimum 
grade,  t^  rejt-h  Ihe /t'ot  of  Hit-  hijih  grttde :  then,- — 

Rises  12.SJ5  fl.  in  71  milis.  on  4  percent  grade,  with  ii^'  curves  (.)g6  fl,  radius),  to  ao 
elevation  of  15,645  It.,  with  42  tunnels. 

On  this  line  tiiere  ,iie  si-vural  switchbacks  (Figs.  217  to  221),  but  the  first  thirteen  miles 
rises  2105  ft.  withnuT  .iny  switdituck. 

There  arc  one  ut  iwu  cither  lines  in  Peru  of  the  same  general  character,  but  rising  to 
less  elevations. 

Among  the  Ivuropean  indines  not  included  above  aie  : 

SI,  6'.'Mu»-^,— Rising  2750  ft.  in  20^  miles  ;  142.5  ft.  per  mile  maximum  grade  (3.7per 
cent  I  ■.  I  JO  It.  average-  grides.  Also  rising  2090  ft.  in  isH  miles,  with  28  per  cent  of  the 
rfistance  tunnels,  inrluding  Ion  both  these  inclines)  seven  spiral  tunnels  turned  into  the 
mountain  to  gain  distance  fFig^.  202  lo  ;o6), 

/'rcvni'r.  — Rising  25S4  ft.  in  2134  miles,  132  ft.  per  mile  (1.5  per  cent)  maximum  grada; 
114.6  ft.  average. 
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tn  the  Unlwd  StaM  there  »« : 

Sntiem  Pa<(fit.^Rlaei  S^tll.  la  »5.«mllrs;  Ii6f(.  pCf  mile  <i.aa  pa  ««l|  mni> 
mum  eradt  1  to*  muiiiium  cum;  ii  tunnels,  iDcludlnc  »  "loop,"  o(  men  pnfmtf, 
iplnl  or  h«lti,  jSdu  [|,  lung  ao'l  riiine  7S  [(, 

/>m-rr  b'  Mc  (iramJt,  Marikill  fAii.^Riats  367s  ft.  io  »s  iiiikB.  4  per  ceal  (III  »U 
prr  miltl  inuimuni  pide ;  >4*  iDUlfDum  cun*.  lUlghi  ol  tuiwnit,  losHja  (t.  alio**  ika 
■ta.    AlK>, 

Im  IVM/lMi.— IUitii.)68(t.  In  15  milca :  BRW  cradoi  anil  cUTMs  JB  above.  Ildcbl 
cl  uunmil.  9iU9  fl. 

The  lints  i»Yt  Frrinoiil  Pu*.  >>.m°  >t-  atiiivethe  tct.— Ihg  hisliat  poiM  mckcd  bf 
ihe  loDomolKT  an^wberr  in  tb«  nutid  ncrpt  In  Peru, — and  lh«  Tennmim  I'ax,  10.41)  (i. 
hleb.  U(  (il  iliF  wme  pncial  chacJj;iFi. 

Anollmc  \*rf  noloble  heavr  i^adron  (hti  hrh  read  ti: 

CiM/ymtf  Mint  /trjmft,  /innfr  4*  ffiii  <7ranJ/, — Xiiti  WH/  »joo/f.  A  mmb  antfer 
«■  iM  ttgkt  ftr  ttil  gra4t  {Bt*»\j  416(1.  pet  mllf)  vlth  ^*  mailmun)  asms. 

Tb>"  unpiuiiUtiDd  line  it  uaed  10  Mne  on  10  i)ie  Bemnwr-HKl  vrutki  lU  Pueblo,  aiid 
la  operated  bj  one  train  per  d^MCb  way.  It  in  unitoubtedl;  ibe  heinen  piAt  cb  amf 
RKuUrly  operated  tailtwut  in  the  wortd,  ^tbou|^  lo  pp>  crsi  lemporarjr  grrade*  (jiS  (t 
per  milr)  htrd  luccaaitully  opetMed  (or  oi'et  lin>  nnnlht  over  lt»  Klnj^wod  Tanad  of 
(be  Uiliiin'm  &  Ohio  RallrMd  by  the  late  Benj,  H.  l.iirutjr  u  early  u  iSsi.* 

'rh«i«  latttr  lin«4  ars  narrow-eouet,  but  nerd  ntit  ranuin  10  unlrM  tbey  thooM. 

Mfxicoi  iVn/wa/. — RiMB  'jMI  fl.  In  l^  mila;  on  .1.8  per  cent  |aoi  It.  pn  tnitel  mai- 
Iraum  era<lt;  15-  marnnum  cnrvti:  with  a  desernt  of  1315  fi.  kn  qidc  inOaaaaa^spfr 
ttiil  i^tailc  on  the  other  ildc  al  the  lummit.  Laid  to  naniiw-icauce.  but  1  >|iniill)i  butt 
thnatij^lHikit  tv  he  ailapltd  to  tlAiidartl  E-tU£r^     On  (acne  rujid  : 

Mtitian  Ifalisual.  .Wtfrrktm  />iMjic>a.— Monterry  lo  SaltUlo.  KUh  ^j  It.  in  $4 
Riling  al  ail  averocc  rare  of  At  fL  per  milt,  moat  o(  thn  ri>e.  ho<nvtr,  mncsnlrated  m  a 
thorl  ponion  of  the  dlslAnce  on  |^adeio(  aH  pel  not. 

l.«u  impoitJini  incllfl»  which  jrc  for  unc  tuLKia  or  another  notable  an : 

Tyrenr  if  CltarfitU.—h  little  branch  <>(  llM  PtiiniThMlia  Railroad.  Riac*  te64lL 
in  ro  mi]«.     Tanueni  mailmum.  IjS  ft  per  mile. 

Cnlral  Faii/li,—K\»n  991  ft.  Id  13  mllca;  3  pa  OKI  (toj.6  fL  per  mll*>  nuudamn 
grade;  to*  ^urvM.  't^ht  tunr;eb(. 

Xtrtifm  />dr>>f<.— RiM*  tttS  (I.  at  1 16  (t.  pet  mile  (!■>  P*t  ''ni)  In  an  alrOiae  di^ 
taice  of  13  milH. 

Mnrnam  Cmtrml. — Rims  1750  (t.  in  19  miles  al  San  Juao  del  Riu  with  eaa;  (Twlea  and 
curvni  uiil  i65i>  (1.  al  ZjmtKU. 

AmoDK  IIdh  lijcaied.  but  noi  jret  bolli,  may  be  ntentJODtd  '. 

Lwkmanitr  I'au  (neir  the  St.  GnlhardJ.— RiiM  an  a  denlopmeot  of  »fM  milM 
t*IVttm  liDo  fotnit  ax  miltl  apart,  on  a  maximum  grradc  of  131  tu  per  milt  (i.j  pa 
csnl)  jmplyinc;  a  dHuent  o(s4mclhin|[  leM  tlian  J93i>ft..  with  manmum  C«r*«*  ol  984  M. 
radhu  u*  40'). 

Mrnicatf  Crmiral.—Two  Unci  Meettdlnt  from  Ihc  ooaat  to  the  ccaUal  plaiMu  of  Uai- 
lox  ona  ftiim  the  Gull  o[  Muifo  al  Tamptcn  and  the  nthn  fnnn  llie  PadAc  at  Sao  Blai. 
both  of  vliicb  riie  Mme  4500  (I.  on  1  lo  j  per  cent  i;rade«. 


■  For*  lull  and  ebsbi  intsreniag  accnunt  of  tbcac  and  DChcr  work*  by  Mr.  Lunbt.  1 
Kmilrtrnd  Gatittt,  Dtcmbtr  I,  li/,. 
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f'rr*  C'n(  In  Cl/fii^  Utxit«.  viijitla/vi. — The  linr  iiKin  fuUy  ilmrriliKl  in  Appen- 
ilU  C,  Riiiiie  j.Pi  II.  (i»^B  m»lrctl  in  cin*  iinbtiikni  »  pet  f»nl  (.ivrrac-l  rradifnl  («[ 
7a.&inklstii6,9kilam««rB}  or  frum  an  dovaitlon  o(  dm  li.  to  an  FkvjLiion  of  79>jft 
abgrclbcssa. 


946.  Tlic  gtwt  cflwt  of  fluctuations  of  velocity  m  modify  itie  (lom- 
Inal  nm  of  short  gndients  may  be  illunrsilcd  by  the  following  tests 
miiAf  l>y  Mr.  C  H.  fiudMin,  n  prominent  and  able  rtLilway  mAnagcr.  Tbe 
tms  are  thue  (Iracribed  ;* 

"  Rcfendy,  for  ihc  purpo(«  of  tesiloK  a  new  engine  o(  the  Conioll[l<iton 
pattern,  juxi  rcceircd  by  the  East  Tenncii»cc.  Virginia  &  Gcorsia  Ralliuud.  wn 
wvlglicd  4  train  of  jo  loail*.  iMboote  and  privaic  coacli.  anil  took  ii  wiili  the 
enKine  to  a  ttt*vy  icmilc  ibciul  a  mili-  loni;.  atrraeine  'i;.  i  ft.  pn  mile.  The 
graide  wiu  not  vcn,  but  ufxIulHtini; :  sonic  bcrnt;  mute  anil  somv  I»i  than  the 
arerAgr,  (n  anv  pl»cr.  loo  f(.  were  ai  the  talc  ol  gS  fl.;  another,  ipoi*  o( 
joo  ft.  ai  it>c  rate  r>t  >>i .  and.  of  course,  to  match  it  other  spoil  were  Wtn  than 
tlic  vnt*K<-  B«("rc  rraching  the  groile,  there  were  ilioui  itioo  (i,  of  level; 
mottly  on  a  j'  luivc  in  ritflii.  whichcnrvc  ci>niinurij  soo  ft,  upihr  Krade,  Thin 
(4>IIaw«il  [curves  and  ia>iK">'^  f'jr  4!hx>  It.  in  all]  ulxn  thr  tummii  wai  rebelled. 
The  day  wax  warm  jiniJ  jty.  aaii  clrcumiiantn  fjivoraUc.  The  wei{;hl  ol  trata 
was  a*  (ollows  . 

"Engine.  lug.ooo  lb*,;  Icniler,  ii.aoa  \h%.-.  )S  earn.  l,4S}.i6o  lb«.;  tout. 
t.f>i7.ieblhv  Cylinders,  3oby  34  in.;  diameter  of  driver*.  59  in.:  weight  as 
driver*.  97.000  \bs. 

"Pint  Till. — The  engine  tiuod  at  start  at  water  tank  At>out  itxx)  (i.  trool 
foot  of  ^rade,  and  when  K'-idc  wua  reached  was  makinK  about  li  miles  per  hour. 
Ai  a  point  3700  ft.  from  the  Kraile  tbe  enjcine  came  to  n  stantl.  unable  to  lake 
train  through-  It  was  then  bockcd  duvn  and  twu  can  set  ofl.  weighiiut  123.500 
Ibt.,  Icivinit  weight*  as  follow*  . 

"C'isiiie.  io(|.ooo  lb».;  tanitrr.  t^.ooo  lbs.;  trait),  i.jsq.bto  Iba.,  total. 
l.«)J.M>o  lbs. 

j^vdJi^  /Wr.— Thi*  lime  the  engine  started  from  the  same  place  as  before. 
Kiruclc  the  grade  making  3;,;  miles  per  hour,  ant)  in  seven  minute*  turned  the 
•ummil.  making  4.5  mikh  per  hour.  The  engine  averaged  14;  Iti*.  steam,  wa* 
worked  mot  '>)  thr  wjiji  in  ihv  Mcond  notch  from  bottom,  or  ai  utiiujt  an 
iSinch  cul.ofl.  the  last  lino  fcvt  bcinR  in  lowest  notch,  or  ivtiat  wa»  called 
full  Mtolte  Ul-inch  cut-oO).  Very  liiUe  sand  was  osed  :  rnginc  did  not  slip 
any. 

"While  thin  (rule  was  undulating,  it  seemed  fair  to  take  the  average,— which 
has  been  stated  67.  i  per  mile,  or  1  i^  per  cent. — giving  a  resistance  due  grarlty 
per  too  of  .011;  X  *Ouu  =  a).4  It's. 

The  locomotive  power  indintrd  by  ihcsc  iccoriJi  i»  lKcii  computed  in 

the   (olIoiKinK  manner— correct  numerically,  but  wholly  iiKorrect  in  lia 

apparent  iodiaitiofls : 

Ltn.  per  Mia, 

"Train  resistance %.o 

Carre  reiistani-e  i>n  A*  curve ■-.         6.0 

Grade  resistance  <i. 17  prreeni) 85.4 

Total  resislaace  10  be  overcome 36.4  tbC 

'Jfmr.  Aim.  Bug.  SniffStt,  IfiH. 
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"  W«i(:ht  at  «nxii>c  nnd  lr*in  beiaff  ;4;  looa ;  747X96.4 =  17,1^1  Iba. 

Bui  about  too  (t.  of  the  train  will  be  on  a  10*  cant,  arlwTC  Ibe 
loUuncc  per  dcgicc  it  .ui.or.  lur  tbe  10*,  .jo  percent  1  tlieesil 
mated  rcsiiunce  on  >  6'  carve  wu  .30  icr  ccni  :  here  •«  an  eX' 
COM  of  .10  per  cent,  or  per  ton.  4  lb*.  Kaw.  Ihrre  CiiM  arc  all  o( 
the  train  tio  iliitcuirc.  Kitil  wc  havr  61]  lunti.  which  giv«*6g  X  4  =        37fil%s. 

Makinc  a  total  rcHistanrv  toovcicome  of 37.467  lb(, 

"  You  will  note  (bal  h«rv  we  develop  ■  traclive  force  o(  aS.s  per  cent  of  Ihe 

wciichi  on  drivers ;  not  so  great  at  In  oilief  case*,  liiil  much  over  ordinary  pfK- 

lice. 

90  X  30  X  U 

"The  ihcoreticaJ  power  of  ih«  engine  would  be  »  follow*: .J? 

5* 
X  cylinder  pressure  =  iija  X  tyi  (awum«l(  =  U.96Q  lb*. 

"The  eiiimated  retittnnce  per  Ion  is,  Including  ihe  corietlion  lor  Ihe  to* 
curve.  36.6  lbs. 

''  Divide  Ihe  ihenrcilcsl  power,  34,i)to.  by  (hlv  ic^isianee  36.S,  aod  ve  hare : 
»4,y6o-t-  J6,8  =678  ion«=  1.JJ6.000  Ihi, 
Being  ihe  thiroiciical  amount  the  engine  would  muve  up  ihli  grade,  or  about 
137, oou  Ibi.  leiii  than  the  aciuki  omounl  moved.      Thr  atlnaivtwi  tMttnii  Ikr 
UcB'ttU-tl  ty  .lAw/  Ikt  uieigil  t</  Ikt  /H(nw  atui  tftuhr." 

949.  The  true  ejtpluiiation  of  ihi»  appxrciit  anomiily  is  that  the  en- 
gine in  reality  did  no  such  tliinit  ^  ^'^  develop  a  tractive  force  ^  37,467 
Ibb.  nor  x*  there  any  roil  (liMrrcpancy  bciwerrt  the  nctual  and  theoretl* 
cal  work  (li>ne.     The  Iriic  way  of  computing  thr.  icits  is  a«  follows: 


Kominal  avcr»c«  rate  of  grwie  (that  of  ihe  proltte) 1.17 

Correct  for  curvature  ai  0.03  lu  0.0$  vertical  feet  for  each  dejEree  o(  CCfi' 

iral  angle,  which  Is  in  elfect  an  mldilion  10  the  grade  of 0.I1 

And  we  have  at  the  equivalent  nominal  grade,  including  eflecf  of  nncom' 

pencalcd  uurvjiture 1,39 

Where  the  eurvamrc  is  makrs  no  grc.it  difference^  unlcn  it  etotis  the 
truiii.  and  wr  nerd  not  now  eo  into  thiit  detail. 

Then  to  compute  the  first  te*t  «-c  have;* 

1'raiii  struck  foot  of  grade  at  velocity  ol  ifi.o  miles  per  honr,  and  nailed 

In  3700  ft-  Vcl.-head  lor  i$.o  milen  (Table   tiSl.  tt.jo  fL;  ill?  s   o.jit   vwl. 

JJ.OO 
ft.  pet  Matiun  a«  ihe  woik  done  by  momcnlum.     I.J9  —  a.Jli  =  1,08  per  venl 
as  the  tirtual  grade,  or  the  one  i^)  which  the  uma4tuUtl  ftatli^ii  ••/  Ikt  engimt 
hauled  the  ttain. 

Hilet  (XT  hour.     W.-aod. 

S/tond  TV^/,— Speed  »t  foot  of  grade  USoo  ft.  lORgt--.-      >a.3  >7.47  'L 

"    "top       ■•      4.S  -rati- 

16.94 


'  Fur  HlricE  GoifeCtneH  the  distance  iravelled  up  Ihe  gndt  by  ihe  ceair*  at 
gravity  of  the  train,  and  nnl  the  engine,  thnuld  be  Itied  in  Ihis  leil.  but  al 
the  initial  velocity  was  taken  from  the  engine  it  b  impotaible  to  do  so. 
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16.04  vert.  ft.  ,  .  ,  ,  .     •      ,  . 

-,  -  =  o.iii  vert,  ft,  per  station  as  ihe  assistance  derived  from  mo- 

4S.00  siauons 

menium,  and   1.39—  a-353  =  1.04  per  cent  as  the  virtual  grade  in  the  second 

test. 

All  this  is  shown  graphically  in  Fig.  133.     At  the  foot  of  the  grade 
the  vertical  head  corresponding  to  the  given  velocities  is  erected,  and 


I. 


ASOO 

Fic.  333. 

Bisoattheheadof  the  grade,  although  it  is  so  small  as  to  be  hardly  visible. 
The  dotted  lines  show  the  virtual  grades.  The  two  tests  coincide,  it  will 
be  seen,  almost  exactly  in  the  virtual  grade  which  they  indicate,  espe- 
cially if  we  remember  that  the  engine  used  a  little  more  steam  on  the 
upper  part  of  the  second  run. 

This  virtual  grade  includes  the  effect  of  curvature,  and  for  the  power 
developed  by  the  engine  we  have  : 

LIh.  per  uw. 

Train  resistance 5.0 

(jrade  worked  by  engine  power  (say  1.06  per  cent) 31.3 

ToihI  per  ton 36.3 

J'i.2  lbs.  per  Ion  X  747  lonB ..=  19. 57'  Ihs- 

Against  Mr.  Hudson's  compulation  of  actual  work  of 87.467    " 

And  of  tht-oretical  work  nilh  130  ibs.  pressure  of 34,960    " 

The  actual  work  done  requires  an  average  effective  piston  pressure  of 

■■■'"  ■  =  a  fraction  over  100  lbs.  per  square  inch,  which  is  coming  down 
192 

within  the  bounds  of  reason  (and  barely  that)  for  a  Consolidation  engine 
carrying  140  lbs.  of  boiler  pressure  and  running  over  15  miles  ;>er  hour. 
9M,  Wc  may  see  how  these  variations  of  velocity  may  tend  to  in- 
crease grades,  and  how  nearly  our  process  of  computing  them  will  check, 
by  considering  what  took  place  between  the  starting-point  and  foot  of 
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the  grade.  1 500  ft.  ofT.  over  a  nouinally  level  grade.    The  virtual  grade 
may  be  thus  determined  : 

la  dm  leat.         Id  •ecood  im. 

Speed  acquired  in  1500  ft iB.oo  33.30 

Corresponding  vel.-head,  ft 11.50  17.67 

Then  we  have,  as  ihe  virtual  grades  per  itation.. .   — ^  =  0.77       ■        ■  =  118 

iS.oo  "       15,00 

In  other  words,  in  the  first  test  the  engine  started  oR  lazily  and  did 
not  do  as  much  work  as  after  it  struck  the  grade.  In  the  second  test  the 
engine  succeeded  in  doing  somewhat  more  work  than  it  did  after  it  stmclt 
the  grade,  as  is  but  natural  from  the  fact  that  its  average  velocity  was 
less  and  (probably)  it  used  more  sand  and  had  a  somewhat  higher  boiler 
pressure.  But  the  correspondence  is  close  without  these  allowances ; 
quite  suflicient  to  indicate,  what  is  beyond  question,  that  the  method  is 
essentially  trustworthy. 

Now,  had  this  grade,  instead  of  being  only  4S00  ft.  long,  been  48.000 
ft.  long,  it  will  be  evident  that  the  same  initial  velocity  would  have  done 
very  little  to  help  out  the  engine.  To  derive  equal  aid  from  momentum 
we  should  have  needed  to  have  a  vertical  head  ten  times  as  great  in  that 
case,  or  176  ft.,  which  would  have  carried  the  necessary  initial  speed  up 
to  the  impracticable  limit  of  nearly  71  miles  per  hour.  Consequently. 
while  short  grades  and  shore  sags  may  be  operated  almost  as  levels  with 
speeds  of  30  to  jo  miles  per  hour,  long  grades  or  bad  sags  can  be  but 
little  helped  out  by  momentum.  In  the  one  case  the  profile  tells  the 
truth,  and  in  the  other  it  docs  noU 
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LARGER  ECONOMIC  PROBLEMS. 


"  The  rich  roan's  wealth  is  his  sltong  cilj' ;  the  destruction  o(  the  poor 
b  their  poverty." — pROVtHBS  x.  15. 

"  For  whosoever  liath,  10  him  shall  be  pveix,  and  he  shall  have  nioie 
abundance  :  but  whosoever  hath  not,  from  him  shall  be  taken  awayerea 
that  he  hath."— MATTItew  liii.  12. 

"  For  which  of  you,  intending  to  build  a  tower,  sitleth  DOl  down  fint, 
ard  counteth  the  cost,  whether  he  have  sutlicient  tofiDish  it!  Lest  haply, 
after  he  halh  laid  the  [oundation,  and  is  not  able  to  finiih  it,  all  that  be- 
hold it  bejipn  to  mock  him.  saylnj;,  This  man  beg;aD  to  build,  asd  was 
DOi  able  to  finbh."— Luke  liv.  H'lp. 
4S 


J 


PART   IV. 
LARGER   ECONOMIC   PROBLEMS. 


I 


CHAPTER    XXI. 

TRUNK    t.lNES    AND   tlHAKOI    UNSS. 

That  Itic  most  Rlemt;nli*rv  conditions  on  which  the  suc- 
cess or  failure  o(  railway  enterprises  depend  arc  often  radically 
misunderstood,  almost  necessarily  follows  from  the  fact  that  the 
world  is  so  full  of  examples  of  misdirected  enterprise — of  lines 
built  with  great  hopes  of  profit  which  have  proved  miserAhle 
failures:  while,  on  the  other  hand,  there  are  so  many  examples  of 
roads  built  for  local  purposes,  or  otherwise  without  particular 
expectation  of  n  Itrilli.ini  future,  whti^h  have  proved  ma^ificent 
properties.  Among  innumerable  examples  which  might  be  men- 
lioncd  we  may  take  the  West  Shore  Railroad  of  New  York  as 
an  example  of  the  first  class,  and  the  parallel  New  York  Central 
of  the  last:  the  present  New  York  Central  &  Hudson  River  Rail- 
road having  been  made  up  by  the  consolidation  oi  six  or  eight 
different  local  lines, built  with  little orno  reference  to  the  forma- 
tion of  a  frreat  trunk  line.  These  two  lines  itre.  in  their  different 
ways,  striking  examples  of  the  fact  that  the  conditions  which  con- 
trol the  future  prosperity  of  such  properties  are  often  wholly 
misunderstood. 

901.  It  seems  for  many  reasons  probable  that  by  far  the  larger 
pan  of  this  very  general  misunderstanding — of  the  blundering 
inio  unexpected  success  on  the  one  hand,  and  Into  dismal  and 
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utter  failure  on  the  wtlicr — arises  from  a  single  cause,  viz..  ao 
imperfect  understanding  of  certain  elementary  facts,  whlcli  we 
wiU  now  consider,  as  to  the  effect  upon  the  productiveness  of  the 
property  of  any  increase  in  llie  sources  o(  truffle.  The  unex- 
)>ectcdly  good  or  bad  foituiic  o(  hundreds  of  properties  can  lie 
traced,  in  part  or  whole,  to  tliis  single  cause. 

033.  Let  us  suppose  a  rsilway  to  be  projected,  say  lOo  fniles 

long,  to  connect  two  traffic  points  of  some  importance,  A  B,  Fig. 

f^  233'.  We  will  assume  (or 

•  ■•    simplicity  that   there  is 

''s  •«■  little  or  no  intermediate 


il  traffic,  as  often  happens.  We  will  consider  A  and  U  to  be 
{ual.  not  necessarily  in  population,  but  in  traffic-contributing 
capacity  to  this  particular  line.  The  traffic  which  the  railway 
ha-i  to  support  it  may  be  then  represented  by  the  combination 
AB.  being  that  which  naturally  exists  between  two  tralTic  points 
of  the  importance  of  A  and  B. 

954.  Let  us  now  suppose  that  another  alternate  route  may  be 

chosen,  which   by  a  slight  detour  will   strike  an   intennedL-ite 

^^^_C^^  traffic  point  C,  Fig.  334. 

_4— — ""^^  _  IirrrrTrrrT*^*    **'  equal  potential  mag- 

nitudc  with  A  and  £: 
'  ***■  how   have    we    affected 

the  revenue-earning  capacity  of  the  line? 

j\  most  natural  answer — beyond  all  question  a  very  common 
answer — is  that  we  have  increased  it  jubt  50  per  cent.  Instead  of 
serving  perhaps  100.000  people  in  the  two  towns  A  and  B.  we 
now  serve  150.000  people  in  the  three  towns  A.  B.  C.  Fifty  per 
cent  more  people,  fifty  per  cent  more  traDic,  fifty  per  cent  more 
earnings— «eem  natural  corollaries  of  each  other. 

On  the  contrary,  it  may  be  shown  at  once  that  we  have 
doubled  our  priibablc  craffic,  and  re.illy  we  have  tripled  our  traffic, 
and  rather  more  than  tripled  it,  Instead  of  having  only  Traffic 
All.  Fig.  133',  wc  have  Traffic  AB,  Traffic  AC,  Traffic  CB,  Fig.  S34 

The  value  of  the  latter  is  obviously  twice,  and  really  consid- 
erably more  than  three  timeS;,  that  of  the  former. 


I 
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To  have  lite  (radic  tripled  we  must  assume  thai  Traffic  A£, 
Traffic  WC,  and  Traffic  JiC,  Fig.  234,  are  ui  equal  linaiicial  value 
— which  iticy  arc,  as  nearly  as  may  be. 

9W.  An  objection  to  litis  stuiement  will  naturally  suggest  it- 
self— tliat  in  Fig.  134,  attliougli  the  traffic  points  jf,  ii.  C  are 
cquul  in  magnitude,  yet  the  iiAt-'L  nn  the  Traffic  AB  is  twice  that 
un  Traffic /*C or  C/jf.  Therefore,  if  the  volume  of  each  he  the 
same  and  the  rates  he  the  same,  ivc  apparently  have  Traffic  AB  = 
Traffic  AC  ■*■  Traffic  CS,  so  that  we  have  only  doubled  instead  ot 
tripling  our  triiflic  from  a  revenue- producing  point  of  view. 

But  Ihc^e  iRiier  assumptions  are  not  correct,  either  as  respects 
the  volume  of  or  rates  on  traffic. 

As  respects  the  effect  of  distance,  it  may  be  said  in  a  general 
way  that,  if  we  consider  only  great  and  decided  liiQerenccs  of 
dUiance,  the  volume  of  traffic,  both  passenger  and  freight,  will 
be  at  least  inversely  as  tlie  distance  :  that  is  to  say,  if  two  given 
traffic  points,  100  mites  apart,  could  be  moved  up  to  a  distance 
ot  only  50  miles  from  each  other,  and  remain  otherwise  un- 
ehanged,  the  volume  of  traffic  between  them  will  be  at  least 
doubled.  New  Vorlc  and  Philadelphia,  (or  example,  arc  90  miles 
apart,  and  New  York  and  Roston  sji  miles.     Could  these  cities 

»bc  moved  up  to  within  45  and  1 15  miles  of  each  other  the  volume 
of  (raffle  between  them  might  even  be  quadrupled,  and  certainly 
the  lines  conni-cling  (hem  would  be  very  much  belter  properties, 
hecau«c  the  loss  of  haul  would  be  more  than  made  up  by  the 

» increase  of  volume,  even  as  respects  gross  revenue,  leaving  the 
saving  in  expenses  by  the  shorter  haul  and  the  probable  higher 
rates  per  mile  almost  a  clear  gain. 
SM,  As  to  rates,  it  is  an  entirety  safe  general  rule,  that  freight 
hauled  only  half  as  far  will  pay  a  materially  larger  rate  per  mile 
for  the  haulage  proper,  excluding  the  terminal  charge,  which  is 

I  in  effect  a  part  o(  every  rale. 
The  passenger  rates  per  mile  might  well  be  ihc  same  or  even 
lower,  but  this  would  only  be  for  the  reason  that  it  was  profita- 
ablc  to  make  them  lower,  losccurc  the  far  greater  net  gain  from 
the  increase  n(  vohimr.  The  traffic  would  in  ull  such  cases  bear 
a  materially  higher  rate  per  mile  without  decreasing  its  volume 


W 
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below  wliat  would  exist  with  twice  the  haul.  Taking  both  these 
consldcr^itions  together,  it  is  quite  certain  that,  whether  \vc  con- 
sider great  distances  or  small,  nearness  of  traffic  points  is  cer- 
tainly no  disadvantage  lo  the  financial  productiveness  per  unit 
of  the  traflic  between  ihem.  For  example,  if  the  haul  on  wheat 
to  the  seaboard  were  only  half  as  great,  it  cannot  be  questioned 
that  It  would  be  a  more  proRtabtc  traflic,  and  it  would  possibly 
pay  quite  as  large  gross  rates.  The  New  York-Newark  traffic, 
9  miles,  is  far  more  profitable  and  fur  larger  in  the  aggregate, 
in  proportion  lO  ihe  size  ot  the  two  places,  than  the  New  Vork- 
Philadelphia  traflic,  90  miles.  If  Philadelphia  were  as  nenr  to 
New  York  as  Newark,  both  the  volume  and  the  productive  value 
of  their  interchanged  traffic  would  be  cnorinously  greater  than  it 
is  now 

mi.  There  arc,  of  course,  certain  possible  exceptions  10  this 
genrral  rule.  The  tnniiiige  between  the  unlhracile-coiil  mines 
and  New  Vork,  (or  ex;implt^,  might  iiol  lie  much  larger  than  it  is 
if  Ihe  haul  were  only  50  miles  instead  of  150,  for  about  so  much 
must  be  had  at  any  cost,  and  more  than  that  is  not  needed.  And 
yet  ii  probably  would  be  larger,  both  because  the  more  favorable 
conditions  for  coal  supply  would  have  greatly  stimulated  manu- 
factures, and  so  the  growth  of  popuI;ilion  as  well,  and  because 
the  rates  per  mile  hnuled  would  be  higher. 

958.  We  see,  therefore,  (he  reasons  why,  assuming  the  poinu 


FI6.JW. 


Fin.  •)!. 


A,  B,  C,  Fig.  134.  to  be  of 
inherently  equal  traffic- 
producing  capacity,  the 
short-haul  traffics.  AC 
and  CB,  should  each  one 
of  them  be  of  more  rath- 
er than  less  value  than 
Q  the  long-haul  traffic,  <4j9; 
"  from  which  it  follows 
that  the  aggregate  of  the 


three  traffics  AB.  AC,  CB,  Fig.  134,  will  be  worth  more  rather 
than  less  than  three  times  as  much  as  the  traffic  AB  alone. 
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This  being  determined,  let  us  now  extend  the  inquiry  by  de- 
termining, in  ilie  same 
manner  as  above,  the 
probable  comparative 
traffic  on  five  diSerenC 
lines     of   any     common 

length.    Figs.      233-^37.  ^'.c.j,. 

liaving  two,  three,  four, 

five,  and  six  traffic  points  on  them,  each  point  being  assumed, 
for  the  sake  of  simplicity,  to  be  of  equal  traffic-producing 
capacity. 

We  then  have. 


In  Fig.  J3J,    a  traffic  points. 


TdAfnc  Umits. 

A   B  only. 


334, 
235, 


236,    5 


»37.    « 


AB, 

\AB. 

\ad, 

(AB. 

\ad, 

'  AB, 
AD, 
AE, 
DE, 
CE, 


AC, 

AC. 

ED, 

AC, 

BD, 

BE, 

AC, 
BD, 
BE, 
AE, 
DE, 


CB, 
CB, 
CD, 
CB, 
CD. 
CE, 

CB, 
CD. 
CE, 
BE, 
EE. 


COHfAIUTIVS 

Tumc 

I 
3 


DE,S 


10 


IS 


Comparing  Fig.  233  with  Fig.  237,  by  multiplying  our  traffic 
points  by  three  we  have  multiplied  the  traffic  by  fifteen,  or 
have  increased  the  productiveness  of  each  separate  traffic  point 
live  times. 

9S9.  This  process,  with  certain  corollaries  which  follow  there- 
from, is  extended  somewhat  further  in  Table  191  and  illustrated 
graphically  in  Fig.  238. 

It  will  be  seen  from  Fig.  238  that  when  on  any  given  line  with 
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any  given  number  of  traffic  points  of  equal  weight  on  it,  we 
have — 


3      I 


I 


,.«, 


No.  of  traffic  points,       z 
Wehaveforthecom.)      I  ,_,.,  ,  ,_^,^     |  ,^,^^  ,  _  .j.(„_,j_ 
parative  traffic,        J      i      '      i      '      '  ■»  i      r    t^J   '  '  \        ' 

In  other  words,  thcf  omparalive  aggregate  traffic  for  any  num- 
berof  traffic  points  n  is  given  by  (he  sum  of  the  natural  mrm- 
bers  to  n  —  I  inclusive.  The  sum  of  such  a  scries  to  «  inclusive 
is  given  by  tlie  formula 

I  _y  _«(«+')  _"'  +  «  ,. 


J    B   "S         ^°  ^^''-  '*""  ''^^  aggregate  traffic  T,  due  to 
f    £    8  n  traffic  points,  we  have 


I    ^    T~  /"  ~  '^'  +  ^"  ~  '^  =  /"t"  ~  '>' 


%  t 

a    I    S    9   /  being  any  coefficient 

z    X    S   t- 


1 

A 

B 

o 

1 

0 

2 

1  I 

AB 

3 

C 

2 

3 : 

AC 

ec 

4 

D 

3 

e  1 

AD 

BD 

n 

CD 

6 

E 

4 

10 ; 

At 

BE 

C£ 

DE 

6 

f 

S 

15; 

AF 

BF 

CF 

DF 

EF 

7 

G 

e 

SI ! 

AG 

eG 

CG 

DG 

EG       FS 

8 

H 

r 

2a 

AH 

BH 

CH 

OH 

EH 

FH 

GH 

Fja,  3]8.— iLLl'IITRATinG  THB  Lav' OF  IhCKeMRNT  IK  TrATFIC  RR^VLTii 
IVC.  FprtM  Tin  Inthrpot-atiow  OFTHl  Adcittonau  Tra>"MC  Poiwh 
C.  a.  E.  F.  fiTC,  FiCi'i.  133  TU  137. 

For  any  larger  number  of  points  N  wc  have  similarly 
^^^N{N-i)^^ 


(0 
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(4) 


whence  the  ratio  of  increase  is 

T  _  N(N-  i) 

r  "   «(«-i) 

As  n  becomes  a  larger  number,  the  ratio  of « to  w  —  i  becomes 
more  and  more  nearly  unity,  until  finally  the  ratio  of  7*  to  T 
becomes  sensibly 

r      N'  .  . 

T  =  l? (5> 

which  is    THE   EQUATION    GIVING    THE   GENERAL    LAW    OF   INCREASE 
IN  EARNINGS  DUE  TO  AN  INCREASE  OF    TRIBUTARY    TRAFFIC    POINTS 

ON  THE  SAME  LENGTH  OF  LINE  ;  i.e.,  the  produclivc  traffic  varies 
as  the  SQUARE  of  the  number  of  tributary  sources  of  traffic 


Table  191, 

Showing  the   Effect   ufon   Ar.cRECiATE  Traffic   of   Interpolating 
Adbitioal  Traffic  Points  in  thb  Line. 

[See  Figi.  133-S3a.] 
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It  will  be  seen  from  the  last  column  of  this  lable  Ihat  Ihe  absolute  gajn  from  a  giTeD 
addition  of  tributary  fmjmiaiion  is  grcalei  in  priiportion  to  the  amount  of  other  Itibutary 
population,  but  thai  the  addition  ftr  cinl  a  very  much  greater  on  light-lrafiic  roads. 
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Summary. 
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Since  1S85  a  further  and  gieat  increase  has  bei^n,  so  that  there  ii  eveiy  prospect  thtl 
it  wfll  be  more  notable  in  proportion  than  hefelofore. 

Whlle  the  growth  of  city  travel  is  la  some  respects  a  special  problem,  since  its  Increw 
results  In  gteat  [lari  (roni  ihe  increasinE  distances  which  latger  populaiion  biitiRs,  yel  it  it 
mainly  but  otu-  expre>sioQ  of  a  Een4:!ral  Ian-  broui^ht  out  in  Chap,  X\l..  that  irinif:  tend! 
£0  increase  about  .is  the  square  ol  the  population  or  sources  of  traffic  united  by  cotw 
venieni  means  of  communication.  Quite  as  forcible  an  illuslration  of  thi<  Law  El 
obiamed  by  studying  the  growth  of  traffic  of  Slates  and  the  United  Swtea  as  elsewhei* 
presented.     Compare  Tables  14,  15,  16;  also  Tables  a,  3,  7,  ai  lo  38,  34,  etc. 


960.  It  is  plain  that  we  cannot  always,  nor  ordinarily,  count 
on  any  series  of  points  A,  if,  C,  D,  E,  etc.,  eacli  of  wliich  is  ex- 
actly equal  to  each  other,  but  we  may  push  the  generalization  a 
little  farther. 

Taking  the  entire  population  of  a  country,  or  of  a  continent, 
or  of  the  world,  and  conceiving  it  to  be  made  up  of  a  great  num- 
ber of  units,  either  of  single  individuals  or  of  groups  of  10,  100, 
1,000,  or  1,000,000  individuals,  it  is  plain  that  each  one  of  these 
units  has  potential  traffic  relations  with  every  other  unit.  The 
components  of  each  unit  visit  those  of  the  other  socially  ;  they 
buy  and  sell  from  each  other  ;  they  visit  each  other  in  the  hope 
of  buying  and  seiling;  they  produce  more  (this  is  "an  invariable 
law)  for  the  especial  purpose  of  supplying  the  necessities  of  01  hers 
with  whom  they  have  or  finally  secure  traffic  relations.  Until 
such  traffic  facilities  exist,  these  relations  are  inchoate,  or  merely 
potential.     As  the   facilities  arc  extended  they  become  actual ; 
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unil  they  should  tend  to  become  actual,  if  our  reasoning  tiuft 
Lc«T)  correct,  about  in  proporiiun  to  the  ^uar>:  of  the  facilities 
iiCForded  and  of  the  pupulaliun  served.  Experience  seems  to 
show  that  Ihcy  do  lend  tu  increase  about  in  this  ratio,  some  evi- 
dence of  which  fact  is  combined  in  Tabic  19],  as  also  in  Table 
i<.  IS,  16,  and  others  referred  to  below  Tabic  191 ;  but  however 
Ihis  may  he,  that  they  increase  in  verjr  much  more  than  direct 
ratio  is  beyond  all  question. 

It  is  therefore  unnecessary  to  Ukc  each  individual  town  as 
a  traflic  unit,  as  we  have  done  heretofore.  Wc  may  regard 
each  individual  person  as  the  traffic  unit,  and  while  it  will  be 
by  tio  means  liierally  true  that  he  will  have  actual  traffic  re)a> 
lions  with  all  those  for  whom  the  facilities  exist,  but  only  with 
every  tenth,  hundredth,  thousandth,  nr  millionth  person,  accord- 
ing lo  liis  character  and  occupation,  yet  practically  Ihe  result  is 
the  same.  His  aggregate  contributions  lo  railway  Iraffic  will 
vary  in  close  accordance  with  the  total  population  connected  with 
him  hy  traffic  facilities  anri  his  payments  to  any  particular  line 
will  be  in  <lirect  proportion  tu  that  fraction  of  Ihe  total  of  the 
whole  population  connected  wilh  him  by  traffic  facilities  which  Is 
reached  by  him  over  that  particular  line. 

961,  We  have  thus  only  to  consider  the  points  A,  B,  C,  D,  B, 
f  E^'  '33''37-  t*>  represent  single  individuals  ini^tead  of  towns  or 
other  traffic  points,  and  to  consider  ihcir  number  n  lo  be  indefi- 
nitely multiplied,  when  precisely  the  same  process  of  reasoning 
we  have  just  applied  to  towns  leads  to  precisely  the  same  conclu- 
sion as  respects  individuals. 

We  then  have  n{n  —  i)  =  n*  [Hr|s.  (4)  and  (5)]  almost  exactly; 
whence,  if  /*  =  the  actual  tributary  population  on  the  line  and 
/  —  a  possible  additional  population,  the  percentage  of  increase 
in  traffic Z,  uU  other  things  being  equal,  will  be. 


z  =  (£+f!: 


In  other  words,  if  wc  have  1,000,000  tributary  population 
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can  add  100,000  more,  each  unit  of  which  is  of  the  same  traffic* 
producing  capacity,  the  increase  will  be 

^ r-^  —1  =  21  per  cent. 

If  our  origioal  population  were  500,000,  we  should  have,  all 
other  things  being  equal, 

(S  +  ')' 

—    ,-- I  =  44  per  cent. 

This  is  really  a  more  correct  way  of  arriving  at  the  theoreti- 
cal effect  of  additional  sources  of  traffic  than  that  used  in  Table 
191,  since  it  takes  each  individual  as  the  unit,  instead  of  a  group 
of  20,000  or  100,000.  It  gives  a  somewhat  smaller  percentage,  but 
the  difference  is  not  great  enough  to  make  a  material  difference 
in  what  are  at  best  merely  illustrative  computations  ;  not  sus- 
ceptible, nor  supposed  to  be  susceptible,  of  exact  application  in 
practice,  except  as  indicating  the  comparative  probable  revenue, 
all  other  things  being  equal,  of  alternate  routes  between  the  same 
termini. 

962.  In  any  actual  instance,  of  course,  all  other  things  would 
be  more  or  less  unequal,  and  hardly  any  of  them  equal,  so  that 
it  would  be  quite  impossible  to  make  any  very  precise  estimates 
by  the  formula  given.  In  the  first  place,  it  is  impossible  to  more 
than  guess  at  the  true  tributary  population.  That  which  is  ap- 
parently tributary,  from  being  on  the  line,  is  decreased  by  the 
competition  of  other  lines,  so  thdt  only  a  fraction  of  it  is  really 
tributary  ;  while,  on  the  other  hand,  there  may  be  an  immense 
population  beyond  the  limits  of  the  line  itself  which  is  indirectly 
tributary  to  it  through  the  medium  of  other  lines,  as  in  the  case 
of  the  trunk  lines  from  the  sea-coast  to  the  west.  In  the  second 
place,  a  mere  enumeration  of  heads  is  a  very  rude  index  of  the 
traffic  value  of  those  heads.  A  great  mining  or  manufacturing 
or  commercial  point  will  contribute  vastly  more  traffic  per  head 
than  other  more  inert  communities,  and  a  large  town,  almost  aU 
ways,  more  per  head  than  a  small  town. 
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963.  NeverUiele»,  when  we  connect  Smithrillc  with  our  line 
we  gel  ihc  New  York  Smitliville  as  well  as  the  SiaitbvtUe- 
New  York  trallic;  and  the  traffic  o(  New  York  is  made  tip  only  of 
the  aggregate  of  thai  to  tliou sands  of  Sinithvtilcs,  of  which  we 
get  '.h«>&e  which  we  reach  in  one  way  or  anocber  by  our  line 
Tbu&  tlic  discrepancy  on  account  of  the  diflereace  in  the  it 
producing  capacity  of  individual  i»  less  than  might  be  supposed,' 
and  Tables  14.  15,  16.  and  191.  with  various  otbe.'S  in  this  volume, 
show  that  the  law  holds  tolerably  well  when  applied  on  a  largeJ 
enough  scale  to  eliminate  sources  of  irregularity,  while  there  Are 
innumerable  examples  of  single  lines  whose  protpcrily  or  ad- 
versity can  be  directly  shown  to  imply  the  existence  of  soom 
»uch  law. 

These  fundamental  truths  being  granted,  therefore,  it  leads 
ver>'  directly  to  certain  conclusions  as  to  the  proper  manner  of 
laying  out  both  trunk  lines  and  branch  lines  ;  concluiiions  which, 
while  they  may  be  difficult  to  apply  so  exactly  as  to  avoid  a  coo-j 
siderablc  pcrccninge  of  error,  will  yet  be  so  definite  chat  the  fadi-~ 
cal  error  of  mistaking  black  for  while,  so  to  speak — taking  that 
for  the  best  course  which  is  rather  the  worst  course, — is  not  likelf  j 
to  occur. 

TRUMK  UNK8. 

964.  Trunk  or  main  lines  maybe  roughly  divided  into  two 
classes:  those  which  arc,  and  those  which  are  not,  liable  to  b« 
subjected  10  close  compcittion  at  almost  every  important  point. 

Almost  all  lines  in  the  United  States  belong  to  the  fumer 
class.  Their  only  permanent  protection  against  competition,  in 
most  cases,  is  to  throw  out  a  skirmish-liue  of  branches  and  par* 
allcl  routes  so  as  to  cover  securely  a  considerable  territory;  and 
this  is  one  great  reason  for  Ibe  tendency  in  that  direction  which 
is  so  notable,  and  which  has  already  gone  so  far  that  more  than 
half  .he  mileage  of  the  United  States  is  controlled  by  a  doien 
managemcnis,  with  every  prospect  that  the  tendency  to  consoli- 
dation will  grow  still  stronger.  Table  193  shows  how  far  tbU 
tendency  hai  already  gone.  Another  and  still  stronger  rcasoti, 
however,  directly  results  from  what   lias  preceded — tiiat  ever; 
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Table  193>' 

or  Road  aki>  Gko«s  Eakmsc.s  or  Fnt'RTiwN  G»at  SviTBMa  or 
Road  is  the  Uniteo  Status,  1S81. 


(AbMncted  from  a  Papn  bf  Wm.  V.  Shinn  on  "  lDcruB*d  Cffidenc;  o!  Railway*  lor 
lh>  Tiuufxiitaitoa  ol  rnlehi,"  Trans.  Am.  Soc.  C,  E..  November,  iMIi.  »]th  ihc  addl- 
UoB  u(  ilK  BalUmorc  &  Ohio.  Aicbuoa,  Topclu  St  Sanu  V'i,  and  Kima  minor  df  Iiils,] 
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■B,«6(J7? 
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•  TU>  line  ia  nei  iDdudcd  10  <b«  IooMl 
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TAiii.e  \9%,~-ContiHutd, 

Hlhc 

Gt««S*ntaBb 

tits-Alb 

Ptr  Mill  Ij.vi* 
J), 11  ij,  I. 

roTAi.  or  Miim  LwM  ol  tlx  Vsitnl  KulM,  under 

1 

tits,  tit,  111 

Per  MlK  ff . )») 
1ft  »i  p,  V. 

Total  el  til*  Unlttd  Suict  in  tUi.oC  wbkb  can- 

^■4>« 

SliKC  iMi  \\uin  )ian  been  many  fhansci  ID  the  dculb  ol  Uie  itore  utile,  bm  tks 
tpitaX  *pUR»  ciirn  jirntxiblT  nivtr  iii  III*  aCETOCUe  J  Mill  Urxn  propOftiao  «(  llw  lOUl 
mlliocE  of  itae  L'Dilpd  Suis.  Then  wm  in  ia8i  >  lolal  o(  104.813  mik*  rtporUd  blik. 
i<L.t)7  DiUa  of  wIikIi  did  not  repon  aminp.  btloe  \ar^i  n«wly  built  1in«. 


addition  to  llie  triltulury  population  tnakex  \\\e.  revenue  per  head 
from  llie  previou>ly  trilnitary  piipiiliition  greater.  This  ma)-  not 
•jftcn,  perhaps  never,  be  more  than  dimly  felt,  but  that  it  is  the 
true  cause  and  justification  for  many  such  extensions  we  cannot 
doubt. 

Nevertheless  there  are  certain  mouniainous  or  nparxely  popu* 
Ia[ed  and  poor  regions,  in  this  and  all  other  countries,  where 
reasonable  (reedum  from  competiiive  lines  is  assured,  as  ia 
Mexico,  the  lines  in  which  alforrlcd  some  instructive  examples  of 
the  right  »iul  HTong  way  of  laying  out  main  lines. 

9«.  Bearing  in  mind  what  we  have  already  seen  as  to  the 
small  expense  of  operating  extra  distance  (par.  197),  the  appreci* 
able  additions  to  revenue  which  may  be  expected  to  arise  from 
it  (par.  130).  and  the  small  effect  of  moderate  additions  of  dis- 
tance to  discourage  traflic.  there  can  be  no  question  that  the 
hinHamcnliil  rule  for  laying  out  such  lines — deviated  from  only 
fi>r  good  special  reasons— should  be  to  link  together  the  largest 
possible  population,  regardless  of  minor  losses  of  distance,  pro- 

lided     THE    AGC.KECATF.    fOPt;LATION    PER    MIIJE    OP    ROAD    is    ROt 

diminished  (par.  337),  or  even  sometimes  if  it  is.    An  ultimate 


ml 


Llimit,  beyond  which  It  would  ceruiiiily  be  unwise  lo  go,  and 
whence  which  should  not  be  closely  approached,  is  that  the  in- 
crease per  cent  of  distance  should  not  exceed  the  increase  per 
rent  of  probable  revenue,  according  to  eq.  (6),  par.  961. 
966.  The  most  marked  exception  to  this  rule  is  when  the  dif- 
ference of  distance  becomes  so  great  as  to  seriously  discograge 
^traffic,  or  encourage  the  construction  of  a  more  favorably  situ* 
ited  competing  line. 

A  further  exception  is  when,  by  passing  midway  between  two 
traflic  centres,  neither  of  which  can  be  reached  readily  by  the 
aain  line,  both  may  be  served  fairly  well  by  branches  or  other- 
'  wise  (par.  66). 

Any  marked  difference  in  grades  or  costs  of  construction  mny 
course  make  a  difference  cither //'<' or  Cff«;  but  entire  disre- 
'gard  of  the  rule,  by  deliberately  neglecting  intermediate  traflic 
points  for  the  sake  of  through   traffic,  usually  means  financial 
UitUK. 

^M      967.  Several  instances  of  the  application  of  these  genera]  rules  may 

Vbc  iiudicd  on  any  map  of  Mexico,  sliowiiig  the  cxUiint;  railway  lines. 

The  mosi  pronounncd  h  tlie  choice  between  the  ruute  from  the  City  of 

Mexico  to  the  United  States  (vt'it  the  Mexican  Ontral  or  the  Mexican 

National  routes),  either  of  which  could  be  chojen  by  the  Central  at  the 

time  the  concessions  were  gtanled. 

The  longer  line.  pa.ising  through  the  heart  of  Mexico,  and  thenoe  con- 
necting at  El  Paso  with  the  Atchison.  Topeka  tt  Santa  F6,  was  chosen. 
The  grounds  for  this  choice,  bc-yond  question,  were  that  (r)  railway's  in 
Mexico  were  to  be  profilalile;  (!)  the  more  railway  controlled  tlie  more 
a^ncregaie  prolit.  even  if  the  less  per  mile ;  (3)  a  long  line  through  the 
tieatt  of  a  country  must  in  tlie  long-run  be  the  best  line. 

On  the  other  band,  the  choice  violated  two  of  the  fundamental  rules 
which  have  been  laid  down.  First,  it  seriously  discouraged  traffic  be- 
tween MmIco  and  the  United  States  by  burdening  that  which  pulsed 
over  it  with  nearly  yx>  milM  of  extra  haul:  this  practically  insuring  that 
the  National  tine,  when  completed,  would  be.  or  might  easily  make 
Itself,  the  leading  through  line.  Secondly.  It  very  materially  dccre.d6ed 
the  average  tributary  population  per  mile  over  wliat  it  would  hnvc  been 
bad  the  Mexican  Central  line  been  followed  as  far  as  Celaya.  in  Central 
Mexico,  and  the  Mexican  Natiouai  from  there  north ;  especially  had  the 
46 
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townt  of  Silao.  Gusnajunco.  and  Leon  been  linked  to  this  main  line  by  a 
branch,  ax  they  might  hnvc  been  later. 

Hnd  the  Mexican  Ccnirnl  been  built  by  thix  line  there  can  be  little 
doubt  that  it  would  be  tQ-<Uy  (1B86)  a  miiiit  floumbing  pfopeny,  both 
becatixe  it»  investment  would  have  been  smaller  and  its  traffic  tar]^r. 

968.  On  the  olhei  hand,  leavinjt  the  floumhing  town  of  Durango  on 
one  sitle.  althuu(;h  it  saved  distance  in  what  oas  already  a  dbaatrously 
Ionf{  line,  was  probably  an  error,  iiltbougli  tbis  cannot  be  asserted  with 
much  po3itiveae»s.  The  loss  of  perhaps  50  orte  miles  more  would  liave 
taken  the  line  through  a  much  better  country,  actual  and  pivqiective. 
tor  nearly  400  miles,  the  country  through  which  the  Ifoe  was  actuallj^H 
run  liavin^;  been  almost  tlie  poorest  possible:  while  saving  that  loss  O^^B 
distance  did  not  materially  improve  it«  already  bad  case  aa  respects 
through  iraffie. 

969.  The  National,  for  ii«  part.  (cH  into  an  error  which  has  often 
been  committed  bclorc.  and  never  wjtlioul  loss— attempting  to  start  a 
new  terminal  port  at  Corpus  Chrisii,  Instead  of  mnking  for  Galveston 
direct.  Such  projects  for  changing  the  established  course  o(  trvde  seem 
to  liave  a  peculiar  fascination  for  sanguine  projectors,  but  it  a  always  all 
but  certain  that  they  will  end  in  failure. 

The  more  instruciivc  example  to  be  found  on  the  National  lines,  how- 
ever is  a  striking  instance  of  how,  when  traffic  is  at  best  thin  and  prob- 
ably non-compciiiivc,  <~i>nncciing  the  large&t  possible  population  by  the 
main  line  isnlmnsi  surely  the  wiser  course.  Fig.  339  shows  this  instance; 
tile  dotted  line  being  what  had  been  projected,  and  Ihc  full  line  the  route 
finally  choscri  by  the  company  on  the  writer's  recommendation. 

The  full  line  seems  a  rnost  roundabout  course  for  a  main  line,  espfti^^l 
cially  as  the  total   mileage  to  be  constructed  was  not  diminished,  but^l 
rather  Increased.     It  was  to  be  remembered,  howe^'er,  first,  iliat  ibe 
traffic  was  thin  and  non-competitive:  secondly,  thnt  the  number  of  trains 
could  not  be  great :  thirdly,  that  rciisonably  good  facilities  for  continu- 
ous traffic  between  every  one  of  the  many  points  connected  by  the  line 
was  desirable:  and.  finally,  that  with  a  traHic  thin  at  best  the  mainie- 
nanre  and  separate  operation  of  branch  lines  is  very  burdensome-    It  was 
therefore  decided,  as  respects  the  line  from  Morclia  to  Zaniora  and  I-a 
Piedad,  that  it  would  be  better  to  make  the  branch  to  Pitxcuaroa  pan 
of  the  main  line,  thus  accomplishing  tbe  double  end  of  decreasing  tb 
aggregate  niileace  to  be  operated  and  mainiaJoed.  and  facilitating  Pi: 
ruaro-Zamora  traffic  and    (by   more  iralns)   Patzcuaro-Morelia  tra: 
while  gaining  more  revenue  from   through  traffic  t^  not  material! 
heavier  through  rates. 
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970.  QcycMKl  Lu  Barca,  altlK>Uf{h'  Uie  line  had  already  been  nin  out 
of  itt  ooune  (rum  Patxcuaro  to  the  Pacific,  It  was  decided  to  run  it  null 

,  farther  north  to  take  in  the  imporuni  city  of  Guadalajara,  tliu  second 
city  in  Mexico  (about  80,000  inhabitants),  whence  the  line  started  almost 

'  due  xouth  (or  Colima  and  the  coasts.  This  change  alone  much  rnore 
thxn  doubled  the  probable  ira(hc  per  mile  of  the  lond.  and  it  woujd  have 

rbeen.  from  an  economic  point  of  view, »  very  great  error  not  10  do  iL 


Fia  i». 


I  It  in  effect  cut  the  line  into  two— one  from  Guadalajara  to  the  coast,  and 
Lone  from  Ou-ndaUiarA  lo  Mexico:  but  all  the  more  it  w.-u 'Icninible.    The 
nharply  aceentuntctl  topoBmphitral  condiljons,  whirh   it  i*  impoMiibte  to 
^  describe  with  more  detail,  mude  this  |Mn)cul;irly  clear. 

971.  Trunk  iikeb  open  to  destructive  competition,  and  able 
ho  command  only  a  narrow  belt  on  each  siilc  of  them  as  ihcir 
[natural  tributary  territory,  nor  that,  unless  they  afford  almo&l  as 
3od  accommodations  as  !t  is  possible  to  give,  can  of  course 
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afford  no  such  sacrit  _ 

complex  one,  tlie  conditions  of  success  and  r»ilitrc  may  perhapt 
be  more  usefully  indicated  in  a  small  space  by  a  few  notes  (rotn 
the  history  of  the  actual  trunk  lines,  and  notably  of  the  low 
trunk  lines /fl»'«w//c«<; — the  New  York  Central  4  Hudson  River, 
Frie,  Pennsylvania,  and  Baltimore  &  Ohio — than  by  a  more  gen- 
eral discussion. 

972,  Tlie  New  York  Central  is  probably  the  most  striking  example  In 
the  wliole  world  of  two  truths:  That  lines  connccixig  the  largest  agpe- 
|[aie  of  population  will  be  likely  to  lie  on  the  most  favtirnble  route  forcasr 
grades,  and  that  easy  grades  give  an  overwhelming  advantage  in  handllnf; 
low-rate  traffic  cupediilly.  As  n  ilimiigh  line  the  New  York  Central  »m 
not  niAde, — it  grew.  Some  fifteen  ilitfcrcnt  rorporatioos  built  its  Net 
York-Chicago  line,  each  without  n  thought  of  doing  mote  than  co^ncc^ 
ing  itfl  awn  particular  termini.  Consequently  It  did  connect  them  effec- 
tually, and  the  magnificent  string  of  towns  (torn  which  the  New  Yort 
Central  has  dmwn  it*  chief  prosperity  was  the  result. 

Its  intended  rival,  the  West  Sliorc.  was  built  in  a  very  different  way. 
It  was— unfonun.«cly — planned.  From  attaching  exaggerated  impoi- 
tance  to  through  traffic  and  to  the  effect  ihcrcon  of  accommodating  way 
traffic  or  from  other  cause,  several  of  the  most  important  local  potato 
as  notably  Albany  and  Rochester,  were  left  at  one  side,  and  others 
ill  served,  there  being  hardly  a  competitive  point  on  the  line,  not  evca 
its  1WO  termini,  as  n'cU  served  by  it  as  by  the  Ceiiral.  This  may  ban 
been  unavoidable.  The  expense  alone  of  doing  otherwise  would  hart 
been  cnoriiious.  and  had  tlic  expense  been  incurred  it  might  not  have 
insured  ilic  success  of  <he  line;  but  the  (act  that  it  was  not,  foredoomed 
failure — for  the  two  reasons.ihat  the  line  which  is  only  half  es  convenient 
as  another  docs  not,  therefore,  get  half  as  much  business,  but  none  at  all 
(par.  51  ft  al.y,  and  for  the  further  reason  (par.  959),  that  the  value  of  a 
line  >s  as  the  squakf.  of  the  population  best  served  by  it. 

973.  From  the  through  business  proper  the  New  York  Central  faai 
derived  comparatively  little  benclii.  Its  grctter  length  redtKes  its  avcr> 
»^  receipts  per  mile  on  competitive  traffic  materially  below  thooe  of  the 
Pennsyhsinia.  and  the  miignificent  water-way  which  Is  immediatriy  adja- 
cent to  it  for  the  entice  distance  from  New  York  tu  Chicago  has  tended 
powerfully  to  still  further  curtail  its  ratev  But  its  unequalled  grades  (by 
much  the  most  favorable  in  the  world  (or  a  line  o(  such  length),  and  tba 
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ndlrvct  beaclit  <A  its  immeiiM  local  tmffic.  which  alone  required  and 
aipportfrd  all  t)i«  stall  and  plant  of  a  great  railway,  enabled  ii6  throu(;)i 
Hifincss.  vast  as  It  was.  to  be  handled  as  so  much  extra  business,  the  only 
Bxpccisc  forohich  was  the  direct  outlay  (orwagcs  and  fuel  .ind  a  small 
Rtnouni  for  wear  and  lesr  of  track. 

Of  no  other  trunk  line  was  this  so  nearly  true  but  iht  lower  rate  per 
lilc.  and  high  cost  for  fuel  and  (compimitively)  raw  material  on  the  Ncir 
Ir'ork  Central,  has  united  to  produce  one  result  wliiob  n  not  always  under- 
d:  The  per  cent  oF  operating  expentcK  to  receipt!  is  antl  han  always 
high  on  it.  as  shown  more  clearly  In  Table  37,  ^i^e.  1 10^  vix.: 


iirt-co-  mi-*}. 

New  Vnfk  Central 61.3  67.9 

Ene. TOjo  69.7 

Pcnniylvania, 55.7  58,3 

Datuinorc  &  Obio, 53.9  5&J0 

This  contrast  is  immutably  fixed  by  the  nature  of  the  trttSic  and  the 
cratinif  conditions,  and  |{ive»  no  indication  ol  relative  ciricieiicy  of 
eraliuo.  as  hai  often  been  carelessly  assumed. 

974<  The  jncreui:  in  the  percentsKc  ul  oporatini;  expenies  which  is  visible 
kbovc  Hi  the  fljrufct  for  every  one  of  the  three  Ibes  but  (he  Erie,  Is  due  dimply 
^\o  the  enormou*  redaction  in  rales  In  rcceni  yeart,  tlie  laiicr  bcinx  a(  once  a 
tause  and  cffcci  of  ibe  still  more  cnarmoui  increase  in  volume  of  traffic.  The 
Mlimniliajt  anilalittoM  incredible  fisuicsEorthtiehange  are  shown  in  Table  194, 
»nd  Krapbitally  in  V\t^.  340.  The  history  of  the  worlJ  iRor  Js  no  parallel  10  il. 
«(iil  il  II  one  of  (he  stronireit  proofs  thai  w«  have  not  erred  far  in  oiu  cooclU' 
sluns  in  (lie  first  part  of  thi*  chapter. 

H  978.  The  PENNSVt-VANiA  is  In  many  respects  s  contrast  to  the  New 
York  Centra!.  Like  the  latter,  ji  grew,  ratlicr  than  «-as  made,  as  a  New 
York  and  toniinenial  trunk  line.  Projected  to  bring  traffic  from  the 
West  to  [*l>iladelphia  only,  It  chanced  to  He  Iti  the  most  favorable  posi- 
tion for  a  short  low-grade  line  between  New  York  and  the  Weil.  The 
irresistibk  tendency  of  events,  and  of  its  situation,  linked  with  it  a  Penn- 
sylvania-New York  line  on  the  East,  and  a  branching  network  of  lines 
rough  tlic  WcsL  In  comparing  it  with  the  New  York  Ccnira)  one  <a 
tmmedlatcly  struck  by  the  contrast  in  this  respect  which  its  policy 
aflords,  and  while  much  of  this  may  well  be  due.  and  no  doubt  Is,  to  a 
difference  in  the  "  personal  equation"  of  the  managers,  iin  underlying  rea- 
son lor  it — ofwbich.  perhaps,  no  one  vrascoosctous—is  that  the  Pcnnsyl- 
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Table  194. 

tfiCKKASE    OF    TKAFFIC    A.tD    DECKEAiE    IN    RaTEs    0>    VaUOITS    GkOTK    OF 
[The  last  part  of  Ihu  Ubie  b  shown  gnptkallT  in  Ftf.  140.] 


Sn  Chicaco 

R''ADS. 

T»B.>-rK»sm 

-KA&isc  LncsL 

Tui. 

Too-     ; 
II  =      1 

1,DCID,0(»,J 

CCDU. 

Too- 

ini!c«. 
*i  = 

1  .EXA.aA.  > 

tUle. 
Ceou. 

1   =    1,300,300. 

FiTtfbi 
■  t  = 

SlJOO.- 

7-.OOi 

ToDf. 

Too- 

nuln. 

3.«3 

Rau. 

.8*J  ... 

1  /»> 

J.>>- 

3  ^3 

33 

'    j«! 

<K7   ... 

3  '7S 

JO 

1  u.- 

—J-.'**— 
5.161 

1  ^51 
1  J'S 
l.iBS 
1.478 
1  *7j 

8M 
i.oH 

.',:»J4_ 

i."33 
i.JiJ 

3    ■■» 

3.1M* 

>  lit 

J.JO, 
1  !Sj 

J) 
3» 

3-:t: 

■ 4-4  J*_ 

J. Ill 
s-»jr 

C.-7J 

!o.iii 

■i;.4  J 

1  1(1 

■"»7I 
1S7J... 

1    CI3 

1J7)     . 
IBM    .. 

■  87! 

S.«7) 
5.9i7 
''.7}-l 

1.470 
I    MI 
1  .|6> 

■<^%~ 
It' 

l-JM 

_'■»>■_ 

■        '■9°' 

1        '.W« 
i.iii 

7  ifio 

1.S7; 
1.664 

^7 
—H  - 

1  J7.^H* 
ia*.r^. 

1    ^  Tl 

I  Ji4 

1874... 
i8;j   .. 

69 

9.131 

■  114 

1.1.J3 

i!,i 

T'..  1.." 

,!:'■'"__ 

ll.'isv 

:i,i5, 

7'  = 

-;:■, 

.f  ; 

1        -i.iii 
J.4-> 
4.?*4 

I    47* 
1   ;*> 

~T  ir« 

1    4»5 

'  j't 

/ 

lot  ' 

■-=-■5.' 

1  ■ .  -74 

lot. .-  i 
n,  .    1 

i.l..      .T 

14',-   ,, 

■   ?IJ 

1*11       .       . 

tK\i   ... 

116 
i_'t 

1.34 

11.111 

|".7I  J 
II. .J    1 

;.;'g 
S.-41 

e.i=7 

1.-,:^ 
1    j^r 

1  .  i-X' 

141 
144 

17.3^1 
IM17 

1'.  ■.--! 
■14.'- J 

0  a-- 

Till-  i.iI.Il-  i:.  fn.ni  dau  cinipiled  by  Mr.  flfiin-  \'.  Pmir.  Th^  .*i-cn  tniriL  lino  ate 
llw  J't'iln^>^aElja  L  I'lli^bur^,  t'<prT  ^^'aiiiT- ^*i  t'hi^-a^o  ;  New  \'nrk  Cnurjl ;  [^k^.  >li'»ri-- 
Mjf  ln,;Jii  '.'<-mral  :  J^isliin  &  .MK^iii}  ;  and  N'-w  VniL.  Ijke  Mri*.  \'  W-rslifm.  Thr  nii 
<  liic.^i,  lipi.~.  ari.  llir  IIIillili^  Ciiilrah  CliiiJ-n  .V  .\lion  ;  Chiijaii  \-  Root  [.-land ; 
*.'hJ<ab;'N,  iiurJin^ii"  Jv  Quincy  :  Chitapi  A-  NiNrth"-e>ttrn  ;  Clmai:M,  MiJuaiiLn^  A-  Si. 
I-..11I 

I  \v-  lliirUi'H  f'jads.  with  rijjht  iilhtrs  of  tiii.-t  prc'ininrmc,  arc  iiiiludt-d  in  \\\t  la>l 
]url  '.f  iIh'  f.-ihJ"-,  /rnni  whiili  |-^i^-.  'iY,  w,lv  <  h  ^ri-f  riicli-d. 


\Anv.\  \\\\i\  riiori'  ti)f,'ain  by  c.ilpndinK  itscH  in  all  directions,  .-ind  more  to 
low  hy  iu)i  rloinfj  so.  Aiiiid  luNAi.  tr:iH"u:  wt-  have  seen  Ipar.  41 1  to  be 
Ilial  UN  wliirii  niiKvaysi^row  ritb.  Willi  the  yrtatesi  citv  of  the  countn- 
only  liini-ty  miles  c)lf.  it  w;is  iiniispcnsable,  to  secure  tlu'  utmost  tr.iHic 
from  it.  to  rcacli  it  by  its  own  lines,  even  with  a  friendly  indejiendent 
connetiion  iis  an  alternative.     The  (utility  of  tLTminatinj;  a  line  al  any 


CHAP.  XXl—TRUSK  LINES. 


1*7 


■   other  than  the  target  nvaitabte  city  was  never  lieiter  illustruied.  >inlcs<i 
'  the  experience  of  the  Erie  at  Dunkirk  on  a  smaller  »ca1e.     Perliaps 
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■I  I"  I  I  I  '  '  '  I  '  '  '  '  I  '  ■  I  '  I 

'Fi^.  S41  Is  as  good  an  object-lesson  a*  cuuM  be  found  a^  to  tite  foUy  lA 
iucli  attempts  even  when  circu instances  seem  to  especially  fa\'ur  what 
sanguine  projectors  look  on  lu  u  "  lull  divide"  of  an  cnormouA  tralAc. 


728 


CHAP.  XXl.-TkVNK  UXSS. 


976.  A  Ui^cr  reason,  which  indndes  die  fint,  »m  that  the  Pms 

vsnii  vas  fo  bIi 
u  to  torni  a  ^07  their 
line  between  almoa  aHI 
points  OB  ibe  ^* 
the  9caH»ut. 
Hired  Kood  aixn^c  taie* 
per  mile,  while  tbe  alma. 
dance  of  ca«l  and  ima 
on  the  line,  and  tbe 
lance  ammint  of  favnr> 
able  gradei  inmred  ln«r 
operalinijeKpcnsei.  Tbe 
Pennsylvania  liad  mucli 
to  piin,  therefore,  fron 
handling;  additional 
ihriHiRh  iraAc  ovek  us 
ows  LINE3.  accNrdif-el 
to  the  law  laid  down  m 
par  :ii— that  the  onlv 
conditions  under  whidi 
u  line  could  reap  the 
full  beiwAt  o(  betns  a 
abort  line  was  tbui  It 
should  reach  all  its  im- 
ponant  traffic  points  bf 
itsown  lines-  TbePenn- 
ajlnuiia  was  such  a  shun 
tine;  it  proceeded  to 
satisfy  the  other  half  of 
(he  true,  and  too  little 
'  aa  shitrm  Pown,  tt)6>i«v  considered.     condltioaS'] 

(One  nr  KiBT  iiiiniiuiDai  at  ike  DtnMacy  vith  nkicli  o'  prosperity,  as  il  was 

|wra<1<n>hll»>inculk>iT«dBBc«twiir(i4in»caiKln«    '"  nftufai   policy  tO  at!. 

poiBu)  Until  it  did  *o  it  waa. 

by  iia  extuencc  and  (aciUtiea.  making  the  lortanea  of  other  line*  in> 
Mctd  of  its  own. 

Moreover,  the  additional  through  tralBc,  which  il  could  secure  In 
controlling  ita  connections,  was  a  ffreat  object  to  it.  lor  it  made,  and 
nuK  alwaya  continue  to  make,  a  comparatively  large  profit  oa  it.  while 
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to  the  Nev  York  Ceninl  it  was  a  araal)  object.  becauM  it  made  a  small 
profit  out  of  it.  The  New  York  Central's  chief  reliance  has  been  on  it* 
local  traffic ;  iIk  through  rates  per  mile  being  uecesaarily  lour  at  best, 
even  on  diat  trallic  su  situated  ai  to  conic  to  it  moat  natural))-,  while  its 
eKpcii<«i  were  higher  because  o(  dear  fuel.  Had  it  (;one  much  um  o( 
its  way  to  Mck  more  tlirough  tralfic  iu  uvurajtc  rates  (icr  mile  would  have 
been  km-er  yet.  and  un remunerative.    Therefore  it  has  not  done  so. 

977<  In  part,  this  likewise*  explains  why  tlie  unforlunatc  Erie  has 
nevcrtended  to  ramify  throughout  the  West;  but  the  Eric  is  an  example  of 
a  line  which  has  succeeded  m  spiti;  of  tliisdisadvjiniRgc.  for  four  rmsons: 

1.  By  terminating  at  ihc  greatest  city  of  the  V.as\,  and  (after  cutrcct- 
itig  the  error  ol  attempting  to  make  a  new  great  city  at  Dunkirk)  at  the 
chief  traflic  point  at  the  eastern  cud  of  llic  great  lakes,  making  two  ad- 
mirable termini. 

2.  By  Its  skilful  location,  most  of  lis  line  being  on  very  low  grades 
bideed,  although  it  has  some  high  summits  and  bad  sections. 

3.  By  its  local  coal  traffic  and  cheap  supply  ol  fuel. 

4.  By  its  Urfce  and  growing  Icfcal  traffic — less  than  the  New  York  Cen- 
tral's, but  larger  than  the  Pennsylvania's,  and  until  very  recently  litllc 
subject  to  cumpvtilion. 

These  gave  it  great  powers  of  offence  against  the  New  York  Central, 
and  it  lias  been  able  to  coininaiid  at  all  times  -j.  fair  proportion  of  the 
traflic  which  lines  in  the  CcNiral  interest  bmuglit  to  BulTalu.  But  the 
Eric's  prosperity  has  been  injured  by  throe  causes  quite  as  potent: 

I.  Of  all  the  great  Eastern  cities,  the  Erie  readied  advantageously 
only  OSB.  wbcrca*  the  New  York  Central  readied  two.  New  York  and 
Booton  (in  fact,  all  New  England  and  a  large  part  of  the  Canada  trade 
has  been  almov^t  monopoliivd  by  the  Cenirall,  and  the  Pennsylvania 
reached  POlu;  the  two  greatest  dirrctly.  New  York  and  Philadelphia, 
and  Boston.  Uattimorc.  and  Wuhingion  fairly  well.  This  has  been  the 
primary  difficulty  with  the  Erie.  "To  him  that  hath  shall  be  given."  It 
might  pay  the  Pennsylvania  well  to  control  a  line  to  Smilhvillc  in  order 
10  secure  thereby  its  traffic  with  the  whole  At  Untie, coast,  when  it  would 
not  pay  the  Erie  at  alt  to  own  a  line  to  it  which  would  secure  only  its  New 
York  business.  "  Whosoever  haih  rot,  from  him  shall  be  taken  awny 
even  that  he  hath, " 

The  Smilhvillc- Pittsburg  traffic,  the  Smithvil1e>Boston  traflic. and  the 
Smilhville-Jonesburg  iraffic  naturally  gravitated  to  the  line  which  com* 
manded  its  other  irafTic  East :  and  so  the  owners  of  tines  in  the  West 
were  naturally  drawn  most  to  that  line  which  offered  the  most  widely 
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rafflifjrit^  oMfKcttoas.  and  could  both  give  and  uk  better  urtu.  Heace 
U  bu  hopfKnoJ— 

3:.  The  Erie  has  never  betn  aMc  to  secure  good  Western  connec- 
tlon«.  The  onW  »erious  Mtempc  in  that  tmc.  until  1881,  was  the  trid  At- 
tantic  Jt  Giedt  Weitera.  one  of  the  nioei  tll-jud;;ed  cnierprises  which  hM 
ever  been  cunMructed  in  thin  country.  whoK  iailurc  was  fomlnanicd  (root 
the  beginning,  oa  pointed  out  in  par.  ii;  ft  i*f.  We  may  be  tolcr^ibly  a»- 
sured  Uiai  tl>c  Erie  never  will  have  a  gr^  system  ot  connecUng  [ims, 
(nr  it  ■«  not  |>lanned  to  secure  tbcta.  In  this  respect  the  btslt^  of  the 
road  i«  full  of  ingtruction. 

3.  The  Efic  lias  been  pcniltarfy  unfonanatc  in  its  past  ntanagcment— 
io  part  from  tack  of  oomprebcftnoa  bf  its  ion^ga  owoen  of  ita  necoai- 
ti«  and  condition*. 

978.  In*  [HLtiMONKi  Ohio  is  somewhat  of  a  conimry  example— 
of  a  line  wlKte  judicious  and  consisieni  manafccmeni  has  ghren  RreaC 
financial  KrenfEili  to  a  (iraperty  aiidcr  many  diiadvuRtaiiea.  Il  has 
obeyed  the  irresistible  tendency  of  the  times  by  cxlcndinjc  its  lines  to 
Chicago  in  the  West  (at  well  at  to  the  Ohm  Kiver  tier  ot  cities;  aad  10 
Pliiladc1|ihiH  and  New  York  on  the  East.  The  ellect  of  the  luttet  tt  is 
as  yet  iiSg6f  impoHible  to  lorcsee;  but  unless  the  laws  of  riiilvi-ay  pros- 
perity which  prevail  elsevrbcTe  arc  to  fail  in  its  case,  it  will  rcsull  In  a 
very  KtrM  addition  to  its  tralTic,  KiviUR  it  what  il  has  never  had  before— 
wbai  may  be  called  a  coniincnial  trallic. 

For  the  Batlimore  &  Ohio,  as  it  stood  up  to  about  1880.  was  merely 
an  example  of  ibe  fiaancial  strengtli  which  may  be  tccnmi  by  locaiiog 
between  contidenbtc  local  source  of  natural  Imlfic  and  holding  strictly 
to  them.  Between  Baltimore  and  Wasliingtun  un  the  East  and  Pius- 
burg.  Cincinnati.  Louisville,  and  St.  I.ouia  00  the  West,  the  Baltimure  ft 
Ohio  wha  the  natural  channel  of  communiCMion.  and  as  good  ■  ooe  as 
could  be  Kcaiiul.  A  lar^  cool  traffic  was  also  assured  to  It.  On  this  it 
prospered,  aroidini;  itisupation  of  its  means  on  many  brHRches  and  coo- 
neciions.  Nevertheless,  ii  was  economically  impossible  thai  it  should  hU 
for  loiif;  to  reuch  out  to  the  other  lar^  cities  mentioned,  and  10  tnutsfer 
Itself  Ironi  a  local  line  to  a  national  one. 

Had  ihn  Pennsylvania  choaen  to  restrict  itself  to  Hs  main  line  between 
Piltsbtirg  and  Philadvliihia,  witli  u  few  only  of  the  most  necessary 
liranches,  il  also  would  have  been,  and  might  have  indefinitely  continued 
'  to  be.  a  prosperous  local  line  of  the  kind  that  the  Baltimore  A  Ohio  W9^ 
It  might  even  hnve  eatncd  as  good  or  ttctter  dividends  th^n  now.  but  its 
cost  and  value,  and  Its  earning  capacity  likewise  would  ha\-c  been  far 
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less,  and  its  a^regate  profits  vastly  less.     It  was  therefore  not  to  be  ex- 
pected, nor  for  the  public  interest,  that  it  should  pursue  this  poli<^. 

979.  In  the  history  of  these  four  trunk  lines,  could  we  afford 
s|>itce  to  consider  it  in  detail,  we  liave  warning  of  almost  every 
possible  danger  which  can  arise  in  the  laying  out  of  trunk  lines 
— meaning  by  the  latter  term  not  necessarily  lines  of  enormous 
tratlic  (see  par.  981),  but  lines  the  main  part  of  whose  traffic  is 
complete  in  itself,  so  that  they  are  not  mere  branches  or  feeders 
of  other  lines.  We  may  summarize  a  few  of  the  more  important 
conditions  of  success  in  such  lines  as  follows; 

1.  They  must  reach  by  their  own  lines  the  largest  traffic 
point  at  each  end  which  is  at  all  within  reach  by  an  extension  of 
20  or  30  per  cent  of  their  length,  and  there  must  stand  on  equal 
terms  with  their  connections  as  respects  benefits  iind  injuries  to 
he  given  and  received.  Failing  to  do  this  is  pretty  sure  to  result 
in  great  loss,  and  generally  in  insulvfncy. 

2.  They  must  reach  without  fail  every  considerable  inter- 
mediate traffic  point  along  their  line  which  can  be  reached  by 
any  reasonable  detour  or  even  sacrifice  of  gr:ides,  their  prosper- 
ity being  about  as  the  square  of  the  tributary  population, 

3.  They  can  in  no  case  attempt  to  create  new  channels  of 
trade,  as  by  attempting  to  make  a  seaport  out  of  some  neglected 
roadstead,  without  the  greatest  risk  of  failure.  The  attempts  in 
this  direction  have  been  many  ;   the  successes  as  yet  none. 

4.  Nearly  or  quite  half  of  llieir  traffic  must  practically  begin 
and  end  on  tlieir  own  lines,  either  because  it  goes  no  farther,  or 
because  it  is  delivered  at  some  great  competitive  distributing 
point. 

5.  It  is  of  little  avail  to  run  a  line  even  from  a  great  city  to 
nowhere.  The  apex  to  the  pyramid  in  Fig.  138  is  eloquent  and 
truthful  in  this  respect.  Without  a  good  traffic-point  at  each 
end  of  a  line  the  conditions  for  great  prosperity  are  not  present. 

BRANCH    LINES. 

980.  That  branches  are  in  the  main  profitable  investments  is 
evident  from  their  very  rapid  rate  of  Increase,  which  is  largest, 
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up  to  a  certain  point  al  least,  on  the  most  pri»peruiis  lines.  That 
they  are  rarely  very  profitable  when  considered  by  lhent&clve&, 
and  apart  from  the  main  line,  and  as  a  rule  do  little  more  thau 
[>ay  operating  expenses,  is  abundantly  shown  by  the  reports  of 
almost  cvcrj-  line  which  has  branches  and  reports  their  traffic  in 
detail.  This  fact  is  so  clear  and  so  generally  admitted,  that  it 
hardly  needs  statistics  to  prove  it.  As  a  rule,  the  earnings  per 
mile  of  brunches  range  only  from  a  fifth  to  a  tkkiii  of  ibo 
earnings  of  the  main  stems. 

961.  The  only  considerable  cxceptionsto  thisrule  are  branches 
which  are  in  reality  main  lines,  having  a  very  considerable  traf- 
fic which  is  complete  in  itself.  A  striking  example  of  this  kiod 
of  branch  is  what  is  known  as  the  Mahoning  Division  or  Cleve- 
land Branch  of  the  New  York,  Peniisylv^inia  &  Ohio  Railroad, 
which  runs  diagonally  across  the  main  line  from  Cleveland  to 
Youngstown.  This  nominal  "-branch"  was  really  a  subordinate 
main  line,  built  by  a  separate  company  and  projected  on  rational 
principles,  according  to  par.  97(>.  It  had  and  has  a  very  consider- 
able  traffic,  both  freight  and  passenger,  which  is  complete  io 
itself.  On  the  other  hand,  the  nominal  "main  line"  is  in  reality 
a  mere  branch,  violating  conspicuously  every  one  of  the  condi- 
tions for  the  success  of  main  tines  specified  in  par.  979.  It  is 
not  surprising,  therefore,  that  the  "main  line"  was  a  financial 
failure  and  the  "branch"  a  financial  success,  which  has  largely 
helped  to  support  the  main  line  even  after  paying  a  very  heavy 
rental  (10  per  cent  dividends  per  annum)  to  the  lessor  company. 

982,  The  reason  for  the  continued  and  rapid  building  of 
branches  in  spite  of  their  apparent  unproductiveness  is  simply 
this :  They  contribute  traflic  to  the  main  line  which,  as  it  is 
merely  an  increment,  costs  always  comparatively  little  to  move, 
and  often  nothing  at  all.  The  company,  therefore,  receives  from 
its  contributed  traffic  rates  for  a  haul  of  perhaps  500  miles  at  a 
cost  for  hauling  due  10  only  too  or  loo  miles.  This  follows 
directly  from  what  we  have  seen  in  Chapter  XV.,  par.  i8t,  and 
elsewhere.  Rudely  speaking,  if  we  call  the  average  cost  per  (ob 
or  passcngcr-mile  100,  we  may  say  : 
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Average  C04I  per  nnit  of  tnflle  = 

E:itn  piiMecig«r5.  singly,  cMt >•>■ •••• 

"  "  In  car-IoadtcooT. ..> 

"  "  In  iraln-tQiacIt  cost 

C>tr>  (rviKlu  in  «mull  Ion  cuscb  often  in  both  dirtclioas  and  usually 

ID  one  directioQ 

■  ••        "     In  car-load*. 

**  "  in  irajn.loiuU  (and  hII  car-loads  must  ordinarily  b«  con- 
■idered  to  be  maile  up  into  exua  iraina  in  tbc  dir«c> 
t(on  ol  heavlcM  traffic)  not  oier 
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Not  unfrequcntljr  when  a  large  part  of  the  traffic  of  a  branch 
,<ocs  over  the  main  line  in  ihc  direction  of  favoring  grades  it  is 
n<in(Ilc<i  over  the  main  line  at  no  appreciable  extra  cost  by  simply 
ttlling  up  trains,  and  the  branch  is  then  enormously  profitable. 

■  To  these  direct  nnd  evident  iidvaniages  from  a  branch  is  to  be 
added  the  vivifying  ciTcct  of  tncrciising  the  tributary  population 
from  the  cstiscs  discussed  in  the  first  part  of  this  chapter,  the 
prosperity  of  the  tine  increasing  tn  something  like  the  square  ol 

'the  tributary  population. 

983.  U  ii  not  to  be  wondered  at,  therefore,  that  branches  and 
extenitions  are  much  sought  for  by  prosperous  companies,  even 
In  regions  where  there  is  not  the  likelihood  of  rapid  increase  of 
tra&ic  which  prevails  throughont  the  United  Stales.  Neither  is  It 
to  be  wondered  »t  that  the  seeking  for  them  is  often  overdone, 
so  that  the  branches  become  a  burden  which  threatens  to  swamp 
the  main  line,  and  often  does  so.  For  there  is  this  to  be  said 
against  branches  :  Their  traffic  is  usually  tlitn,  while  they  cost  as 
much  or  more  to  build  and  not  much  less  to  keep  up  than  the 
main  line.  Thei^iore  it  is  easy  to  lose  all  that  Is  gained  on  the 
main  line  by  the  extra  cost  of  handling  the  traflic  on  branches 
and  paying  their  rentals;  although  it  Still  remains  universally 
true,  that  branches  are  far  more  profitable  than  appears  on  the 
face  of  their  returns,  separately  considered. 

984.  These  facts  make  it  easy  to  sec  what  should  be  the  gov- 
erning rule  in  laying  out  branches     The  otic  universal  rule,  to 

■  be  deviated  from  only  when  special  reasons  to  the  contrary*  ap< 

■  pear,  is  this  :  Sthiki;  the  main   line   as  sook  as  possiblk.     In 
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laying  out  a  branch  to  A  from  the  main  line  £I>,  Fig,  341  (which 

represents  to  scale  an  actual  instance),  B  Is  In  all  ordinary  cases 

~.  the  point  to  sifike  the  main  line,  if  possible,  even  at 

V-'-'T^  son)«  disadvantage  in  grades  and  conslruciion.     U 

\J       is  not  corrccl  to  compare  the  entire  line  ABCD  with 

cC  the   itlternalc   ACO.     Were  we  building  a  line  /•?' 

V       han<i!r  a  matH-Hnf  Iraffit  between  A  and  D.  that  would 

Fio.  Ml'.  be  tlic  proper  course  to  pursue ;  but  with  a  branch* 
line  traffic,  ^-hen  we  have  gotten  U  to  the  main  line  we  may 
8iy.  for  pruliminaiy  iiiid  approxitnale  purpost.s,  that  we  shall 
handle  it  thereafter  for  nothing.  If  the  branch  iniffic  be  nearly 
all  toward  D  and  the  grades  favor  it,  this  will  be  almost  literally 
true.  Therefore  the  true  question  is :  How  will  this  iraflic  he 
moved  to  tiib  main  line  most  chcnply  and  advantageously — via 
AB  or  via  ACi  In  nine  cases  out  of  ion  AB  will  be  the  best,  for 
these  reasons : 

98ft.  Branch-line  traffic  is  light  and  fragmentary.  Grades 
and  curves  then  become  minor  considerations  within  pretty  wide 
limits,  especially  when  one,  two,  or  three  engines  must  be  kept 
on  the  branch  anyway.  On  the  other  hand,  the  extra  cost  of 
keeping  up  the  tr.-ick  on  AC  instead  of  AB  is  so  much  dead  loss. 

Any  traffic  AE  is  seriously  buidcncd  by  the  additional  dis- 
tance  ma  ACE  over  ABR,  while  the  gain  to  the  traffic  AD  is  but 
trifling. 

Passenger  traffic  is  almost  invarinbly  better  served  if  deliv* 
ercd  on  the  main  line  with  the  shortest  possible  itaiil. 

It  is  therefore  bad  practice  to  lengthen  out  branches  to  gel 
cheap  construction  and  good  grades,  even  when  the  difference 
favors  most  of  the  traffic  of  the  branch,  unless  the  extension  is 
justified  by  the  cardinal  rule  laid  down :  By  which  route  is  the 
traffic  delivered  on  the  uaik  like  at  any  point,  most  cheaply 
and  advantageously,  regardless  of  where?, 

986'  To  the  preceding  is  to  be  added  another  still  more  im< 
portant  and  sometimes confliciinft  rule  :  Strike  TH£  MAIN  LINE  AT 
.V  CONSIDERABLE  TOWN,  IF  possini.F..  If  ihcrc  be  a  town  of  some 
size  at  cither  B  or  C,  Fig.  24i',ili»t  will  be  ihc  point  to  termt- 
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Date  the  branch  at,  or  to  consider  it  to  terminate  In  comparing 
the  alternate  routes,  for  the  (raHic  o(  the  br.iricli  will  be  very  apt 
to  be  delivered  at  this  town  even  if  the  branch  strikes  the  main 
line  elsewhere,  if  it  does  not  add  tnofc  than  30  per  cent  to  the 
haul. 

The  purely  local  trafBc  of  two  neighboring  towns,  A  and  B 
or  A  and  C,  will  ordinarily  be  found  a  very  welcome  addition  to 
the  traflic  contributed  to  the  main  line  by  the  branch,  and  it 
depends  greatly  on  facili'i«»  If  a  train  has  to  be  taken  from  B 
to  C  and  then  another  from  C\.o  A  to  get  from  A  to  B.  the  A-B 
trafTic  will  be  practically  killed.  Only  the  necessary  travel  (par. 
45)  will  remain. 
K  W7,  The  preceding  has  been  on  the  assumption  that  the 
I  branch  i»  lo  reach  a  I-uint  A,     When  ilic  {turpuse  ul  lUc  brancb 

ts  not  to  reach  any  particular  point,  but  to  develop  a  tract  of 
territory,  the  conditions  are  of  course  somewhat  changed,  but 
even  then  the  same  general  principles  apply.  It  will  as  a  rule 
be  more  economical,  and  more  convenient  to  the  trafRc.  to  con- 
centrate it  upon  the  main  line  as  soon  as  possible.     Therefore  it 
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IS  not  as  a  rule  good  practice,  even  when  the  purpose  of  the 
branch  is  to  develop  a  long  strip  of  parallel  territory  which  has 
traffic  relations  mostly  in  one  direction,  C,  I'ig.  J4J,  to  construct 
branches  along  parallel  lines.     The  method  outlined  in  Fig.  243 
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^H            ts  far  more  likely  to  accomplUh  its  purpose  advantageously,  even 
^H            when  brandies  like  DEF  beoucne  necessary;  t)ie  governing  rules 
^H            lx:ing,  Rrst,  to  Jink  t-^gctlicr  neighboring  towns  having  natural 
^^k            traffic  relations  as  directly  as  possible,  and  secondly,  to  reach  the 
^H            main  line  quickly. 

^H                 98S.  This  policy  Is  the  correct  one,  not  only  because  It  handles 
^H            e  given  tralVic  most  economically,  but  because  it  lends  to  uni/y 
^H            the  district  served  by  the  railivuy  and  aggrandize  points  on  its 
^P            main  line.    The  two  lines  ^Cand  J>C,  Fig.  341,  are  practically 
^H            two  separate   roads   having  no   interrelation    with   each  other 
^H            whatever.     A  less  amount  of  road  in  Fig.  343  gives  equal  traffic 
^H            facilities  from  the  district  AS  to  C  at  less  cost  to  the  railway, and 
^^            likewise  promotes  traffic  relations  with  other  points  on  the  main 
^H            line  and  to  the  south  of  iL 

^H                  When  the  traffic  of  the  branch  is  equally  divided  between 
^H            East  and  West,  or  nearly  so,  as  respects  destination  on  the  main 
^^^^^-                                       J                      line,  then  Fig.  344  gives  what 
^^^^P                     It                      is  abstractly  by  much  the  best 
^^^^                      \                   \                c   system  for  layingoui  branches. 

^^^^                 /                /              1               otherthingsbcingequal.  Other 
^^^B            /              /             /             things  rarely  are  exactly  equal, 
^^^^^^^                        f                               and  hence  considerable  devia* 
^^^^^^P                   Pio.  vtf                      tlons  from  this  plan  arc  often 
^           required  in  the  laying  out  of  such  branches,  but  in  all  cases 
^H            branch  traffic  needs  to  bequite  differently  considered  from  what 
^K^      it  would  be  if  we  were  laying  out  i»  main  line  to  the  same  poinL 

^^^^H           The  writer  t*  compelled  10  omit  %  number  of  concrete  examplet  of  tbe  lay* 
^^^^^       Ingout  <ti  branche*.  eipeclally  a  m<»i  Intcrcitlng  one  havinn  refereoce  to  tbe     ^^H 
^H               Pacific  brand)  of  the  Mcilrjin  Cenirai  Roiliray,  u)  onlct  10  Iwep  tlua  toIuom    ^^| 
^^B               wllbln  more  rcuonoblc  auic.                                                                                             ^^H 

UOHT   RAILS   AND   LIGHT   RAILWAVa 

969.  A  FACT  evident  enough  in  the  existing  railway  system  of 
this  country,  and  indeed  ot   the  world,  is  that,  taking   it  as  a 
f\%o\t,  distinctively  liglii  railways  do  not  prosper  nor  multiply. 
The  apparent  field  for  them  is  great — many  times  greater  than  for 
railways  of  th^  ordinary  type.    The  need  for  them  h  keenly  f^lt 
in  many  regions  where  it  would  appear  as  if  cheap  light  lines 
would  tiniiwer  every  require  men  t  which  the  tritfEc;  justifies.  Such 
lines  can  admiltcdly  he  built,  and  in  many  cases  have  been  built, 
both  of  standard  and  narrow  gauge,  for  but  little  more  than  the 
cost  of  a  good  turnpike  ;  some  of  them  even  following  the  turn- 
,  pike,  using  low  speed,  light  rails,  light  rolling-stock,  sharpcurves, 
lund  little  or  no  grading  beyond  a  mere  smoothing  of  the  sur- 
face. 

Yet  it  ts  a  significant  fact  that  out  of  the  115,000  miles  of  rail- 
way In  the  United  Sutes  (1885)  verj-  Utile  of  it  is  of  this  charac- 
ter, or  anything  closely  rcsemhling  it.  Absolutely  there  is  a 
large  amount,  no  doubt ;  but  comparatively  there  is  verj-  little, 
and  that  little  shows  a  constant  and  strong  tendency  to  iipproxi- 
maie  to  the  general  standard.  In  spite  of  enormous  differences 
in  traffic  there  may  still  be  said  to  be  a  certain  average  standard 

■to  which  the  vast  majority  of  the  roads  approximately  conform, 
or  begin  to  do  so  almost  as  soon  as  the  track  is  laid.  Between 
the  13,000  to  14,000  mites  of  trunk  lines  or  sections  thereof, 
which  make  nearly  half  the  carntiigs  and  mrrj-  far  more  than 
half  the  traffic  of  the  country,  and  the  113,000  10115,000  miles 
which  manage  to  live  on  the  rest  of  it,  or  on  less  than  one  tenth 
as  heavy  an  average  traffic,  there  are  indeed  considerable  differ- 
ences of  condition;  yet  the  resemblances — in  raib,  in  tics,  in  bal- 
47 
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lasl.  in  rolling-stock.  In  alignment— are  siill  more  striking, 
ing  almost  to  demonstraiiun  tliat  the  law  (to  which  there  jrc  t>fl 
course   exceptions)   is  iliat   distinctively  li^ht  railways  do  noLI 
prosper,  or  it  tlicy  prosper,  do  not  stay  \\^h\,     Wc   need  not 
search  far  lo  find  some  strong  reasons  why  this  should   be  so, 
and  it   is  well  iliat  every  one  should  do  so  who  is  concerned  in 
prujectiiig  a  light  line  before  finally  deciding  on   its  detaiU  of 
conslniction  ;  not  because  so  doing  will  necessarily  induce  liiral 
to  abandon  his  intention. — very  liglil  lines  arc  often  ju^tiliilt)Iy 
built,  and  are  the  only  iiUcmittivc  to  none  at  all, — but  because  it 
is  always  desirable  that  the  consequences  of  an  intended  course 
of  action  should  be  fully  understood  in  advance. 

990.  The  first  and  greatest  question  in  Lxinnectton  with  a  light 
railway  is,  What  weight  of  rails  shall  be  chosen?    This  is  so  forJ 
two  reasons  :  First,  because  the  rail  is  the  largest  single  item  of 
expense  on  such  a  tine,  and  secondly,  because  on  the  weight  of  J 
rail  hinges  the  character  of  the  rolling-stock,  the  ties,  the  ballast, 
and  so  to  a  greater  ur  less  extent  almost  every  other  detail  of  tfiel 
line.     The   mil   question  is  therefore  a   very  fundamental  oiic.j 
which  wc  may  well  consider  with  some  care. 

Cutting  down  the  rail  section  is  almost  the  first  point  of  at- 
tack for  a  certain  large  class  of  economists,  much  as  cutting 
percent  off  salaries  is  liable  to  be  at  a  later  period  in  the  historyJ 
of  a  railway.  There  is  probably  no  other  way  in  which  anything  < 
like  .19^  large  a  saving  can  be  effected  with  so  little  demnnd  upon 
the  time  or  thought  or  skill  of  the  manager  ;  nor  does  it  admit 
of  doubt  th.li  either  or  both  of  these  economies  may  at  times  be 
both  expedient  and  necessary.  Nevertheless,  they  would  not, 
wc  may  be  certain,  be  resorted  to  nearly  so  often  as  they  are  K 
the  full  extent  of  the  sacrifice  made  were  realised. 

991.  That  it  is  not  more  fully  realized  as  (o  rails  is  probably 
due  in  ihe  main  lo  a  not  unnatural  Impression  that  in  buying  rails 
what  one  wants  is  steel  ;  That  if  liglu  and  heavy  sections  are 
the  same  price  per  Ion,  buying  a  30-lb.  section  instead  of  a  6o-lhL 
is  like  a  poor  and  hungry  man  buying  a  one-pound  loaf  at  liTe 
cents  instead  of  a  two-pound  loaf  at  ten  cents. 


t- 
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Tliis  is  not  at  all  the  case.  In  buying  rails  we  are  nut  buying 
slcel  ;  ut  leaiii  we  du  not  care  to  buy  it.  We  are  buying  three  im- 
ponderjiblequattiies:  (i)  stiffness,  (a)  strexoth,  (3)  DUKABiUTy. 
If  wc  get  our  money's  worth  of  these  r|ualitte»,  it  is  a  matter  of 
complete  indifference  (except  tlic  (tilure  scnip  value  of  ihc  steel, 
hich  a  poor,  light  trallic  rodii  caiinoi  nfTord  10  give  mucli  thought 
►)  whether  wc  get  much  or  little  of  steel.  If  we  do  not  get  our 
mney's  worth  of  what  nr  want,  our  bargain  is  just  as  bad,  how- 
!vcr  much  >ie«l  we  get. 

9M.  To  determine  whether  we  do  or  not,  one  must,  nnfortu* 
aiely,  use  an  intelligence  somewhut  higher  than  that  of  a  hay- 
ale.  Any  absolute  measure  of  the  qualities  mentioned  is  cs- 
cially  difficult.  Thu;^,  it  may  be  hardly  ncce&sury  10  say  here 
litiai  to  estimate  exactly  our  stiffness  and  strength  wc  must  de- 
inc  the  (>oslliun  in  ihc  rail  section.  Fig.  245,  of  two  little 
ts  which  lie  at  »  distance  (^^allcd  the  radius  ok  cvhation 
rom  the  centre  of  the  rail  (meaning  simply  the  points 
where,  if  all  the  steel  in  base  and  head  were  concen- 
trated, it  would  have  the  same  power  to  resist  gyratit 
i.e.,  bending,  as  il  now  hus)  und  we  must  then  mitke  a  Fib.  •4). 
number  of  other  assumptions  in  regard  to  the  character  of  the 
inad  and  support  which  we  well  know  arc  not  only  doubtful,  but 
ill  not  be  even  approximately  true  in  practice,  unless  by  ac- 
cident. 

But  for  comparative  purposes  all  this  is  unnecessary.  The 
support  given  to  the  rail  from  below  by  the  road-bed  and  ties  may 
he  iissumcd  the  same  for  any  section  of  rail,  whatever  it  may  be 
bsoluiely.  We  may  assume  that  any  two  or  more  sections  re- 
quiring to  be  compared  will  be  practically  "similar"  to  each 
other,  i.e.,  with  the  same  proportion  of  base  to  height,  etc.  etc., 
so  that  Fig.  145  may,  by  simply  varying  the  scale,  be  taken  to 
represent  a  section  of  any  weight  from  10  to  100  lbs.  per  yard, 
pd  yet  be  tolerably  well  designed  even  for  these  extremes.* 
rom   established    mathematical    laws  we  also  know  that  the 


Bints       ^ 
tion,    ^.L^ 


*  It  is  badly  designed  in  having  >  head  lUring  oulwaM  at  the  botlotn,  but 
bat  il  ■  detail  wc  need  dcx  cnier  inio. 
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weight  n-ill,  un<ler  th««e  assitmpticintt,  vorjr  as  ^rtadlh  X  ^fi'git. 
and  thill  Itic  stiffness  will  vary  as  brrndth  x  euif  of  kdgkf.  Ttial 
is  to  say,  ifwc  multiply  every  dimension  by  two,  we  increase  the 
weight  of  the  section  by  i  xi  =  4.  but  the  siiflncss  by  a  x*'  or 
«  X  8  =  i6  or  a';  in  other  words,  the  stiffness  in  that  case  varies 
as  the  fourth  power  of  the  increase  in  linear  dimensions,  whercu 
the  weight  varies  only  as  the  square. 

993.  An  algebraic  demonstration  ol  the  simplest  chanictcr, 
which  it  is  unnecessary  to  give  here,  would  prove  this  result  to 
be  in  accordance  with  a  general  law— that  rnK  stipfnbs*  ik  a 

HAtI,    VARIES   AS   TKK  SQUAKt^   Of     IIS    WtlCHT    l'l:X    VARO.       If    we 

increase  the  weight 


to  percent. 


so  per  cent, 


we  shall  increiise  the  stifTness  to 


I.10*=  1.31, 

Or  31  percent. 


1.40'  =  t.44, 
or  44  per  cent. 


30  per  cent, 


1.30'  =  r.6n, 
or  ^  per  cent 


Mere  fornuilie  have  a  hazy,  indefinite  sound,  which,  it  is  evi- 
dent from  what  we  sec  around  us  (for  these  general  facts  arc  well 
enough  known),  do  not  produce  much  impression  on  the  mind; 
but  let  US  reduce  them,  in  the  accompanying  Tabic  195,  to  the 
plain,  practical  basis  of  now  mi/ch  STirFNK^s  we  get  po»  a 
noLi.AR  with  light  and  heavy  r«iU,  and  wc  shall  have  some  more 
forcible,  because  more  readily  comprehensible,  evidence  as  to 
why  light  rails  arc  sooner  or  later  avoided  as  the  plague  by  all 
railways ;  admitting  the  evident  fact,  that  for  light  line*  especi- 
ally stiffness  is  not  only  by  much  the  most  important  quality  a 
rail  can  have,  but  {a«tve  shall  see  more  fully)  by  much  the  cheap- 
est stability  to  be  had  in  the  market — far  cheaper  than  ismping- 
bar  stability,  which  roads  of  heavier  traffic  CJin  afford  to  rely  on 
more  extensively.  In  Table  195  n  50-lb,  niil  is  tuken  a«  the  unit 
of  comparison,  as  being  about  the  maximum  for  distinctively 
light  railways  and  the  minimum  for  those  of  ordinary  type,  and 
the  cost  of  rails  is  taken  al  the  even  figure  of  $30  per  ton. 


CHAP.  XXI/.-UCJir  KAILS  AND  LIGHT  RAILWAYS.  74I 


TaUle  199. 

COUMSATIVK  AUOUMT  AKD  CO&T  Ol'  SvirPXESS  IM  LlClIT  AHR  HraYY   RaiU. 
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Ton  ti  nil  per  mile  Uikcn  ai  i.4  tnni  per  lb.  per  jnuil.  ollai'lni;  (oi  i  ccruin  iDllll- 
Minoof  ndt  irxk.     Main  ii«k  only  rcqulm  V  o^  <-57'  «"■>  P^'  pounil  i>«t  ]>krd. 

CMt/kini/iiv  liiffittn  l4lh  oolumn)  it  ««  Ihr  Kiiiurr  '■(  il>v  wti^hr  |iti  yvd,  50  Ifea. 
beinc  Uten  «■  the  Umll  at  tampaiiiDO.  Ci^f '  /rr  untl  0/  iligifts  [jlh  columnt  li  rItch 
tgr  divkSne  eolunui  j  by  cnlumii  4-  Ci<ni/t>riif(W  («Air  mtivt^ /fr  $■  I  Iwi  columDl  ti 
1  b]r  ittndin|;f3400  by  uilunin  J. 

g94.  Tilts  table  should  be  carefully  studied.  It  will  be  seen 
(rom  it  tliat  Die  lighter  the  original  section  of  a  railroad,  the 
iiorc  it  Io»c»  by  u»ing  a  light  scciion,  because  the  more  would 
I  be  its  proportionate  gain  from  a  given  increase  in  weight  of  sec- 
ItioD.  Tlic  sacrifice  of  value  in  buying  light  sections  is  precisely 
I  the  same  as  if  in  buying  rails  wc  were,  in  fact  as  well  as  in  form. 
Itiuying  STEEL  instead  of  stiffness  and  were  to  chowsc  light  scc- 
|tioni  in  spite  of  the  following  market  quotations: 

Steel  In  30-lb.  scaions 875  00 

JO- 
40" 
SO" 
60  " 
70  ■■ 

So- 
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Oi ,  again,  our  loss  is  the  same  as  if  wc  wcrr  ofTrrcd  a  certaiit 
amouiit  of  swcl  in  sj-lb,  sections  at  gjo  per  ton,  but  were  told 
that  if  wc  would  lake  twice  as  many  tons  in  the  form  of  50-lb. 
sections  w«  could  have  the  remainder  at  $10  per  ton.  That  it 
precisely  what  we  are  told  in  eflect,  as  re»|>ecis  the  quality  we 
are  really  buying — sTifFN ess— when  we  are  offered  rails  of  sucb 
seclions  ai  a  uniform  price  per  ton. 

999.  1\\v.  VLTIMATK  8TKKMGTH  of  rails  IS  B  tess  impoitwii 
quality  than  ihe  stiflncss.  because  it  is  never  expected  to  be 
called  fully  into  use.  Nc^'c^thclc$s.  it  often  is  so  called  into  use 
and  even  exceeded,  especially  as  the  rail  wears  out,  and  it  is 
therefore  an  important  quality.  The  strength  is  less  aflected  bv 
tlie  weight  of  the  rail  than  the  stiffness;  for,  referring  fi  Fig.  s^% 
once  more,  ihc  strength  varies  only  as  the  square  of  the  height, 
whereas  the  stiffness  varies  as  the  cube,  both  varying  directly  as 
the  width.    Therefore,  in  a  similar  way  to  ttaat  employed  for 


Tahi.k  196. 
CoMPAKAnvB  AuoL-NT  ANU  Cost  of  St*ei«gtii  ik  Lrctrr  ahd  Hkavt  Rml>. 
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determining  stiffness,  we  may  determine  that  the  strength  varies 

as  the  square  root  of  the  cube  (or  —  power)  of  the  weight,  and  thus 

obtain  Table  196.     This  table  also  should  be  carefully  studied. 

The  loss  of  strength  obtained  with  light  sections  will  be  seen 
from  Table  196  to  be  fur  less  striking  than  the  loss  of  stiffness. 
Nevertheless,  it  is  as  if  strength  were  a  ponderable  element,  and 
we  bought  it  in  spite  of  the  following  prices  per  ton: 

Per  ion. 

Rails  of  20-lb.  section (47  50 

30  "  ■'           38  60 

"      40  "  "           32  30 

'■      50  '■  "           30  00 

"      60  "  "           27  40 

"      70  '•  "           25  30 

80  '■  "           23  70 

If  steel  were  quoted  at  these  prices  per  ton,  it  is  a  tolerably 
safe  hypothesis  that  light  rail-sections  would  not  be  in  much 
favor;  yet  this  is  an  unduly  favorable  showing  even  for  the  item 
of  strength,  for  if  we  were  10  compute  the  comparative  strength 
after  the  seciions  have  received  a  certain  fixed  amount  of  wear, 
we  should  find  the  apparent  disadvantage  of  light  sections  as 
given  above  very  much  increased. 

996.  h  is  a  little  difficult  to  determine  a  standard  by  which 
to  measure  durabii-ITy,  because,  as  a  rule,  light  and  heavy  sec- 
tions are  chosen  for  very  different  duties,  i.e.,  are  approximately 
proportioned,  and  necessarily  must  be,  to  the  kind  of  locomo- 
tives running  over  them,  so  that  no  rational  comparison  can  be 
ma<le  between  the  durability  in  a  10.  or  20-lb.  section  and  that 
in  a  ;□-  <ir  80-lb.  section,  as  there  can  be  in  the  items  of  stiffness 
and  Miengtii,  What  we  can  do,  however,  is  to  compare  each 
section  with  one  s  or  10  lbs.  heavier,  since  there  is  a  rational 
anil  practical  choice  between  such  sections,  for  any  one  given 
service, 

Tiiking  a  rude  yet  tolerably  approximate  average  of  rails  as 
they  are  now  designed  and  chosen,  we  may  say  (1)  that  half  the 
total  weight  is  in  the  head,  and  (z)  that  half,  or  nearly  half,  of 
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itic  meul  in  the  )>cucl  (or  \  of  the  whole  weight  of  the  r^tl)  is 
expected  to  be  worn  away  before  the  rail  is  tlnally  coademncd 
as  URtiafc,  although  it  may  be  earlier  removed  to  a  lets  trying 
location.  That  is  to  say,  a  40-lb.  rail  has  to  11m-  of  wear  in  it, 
and  a  50-lb.,  i3|  lbs.,  niakin({  their  weight  when  finally  con* 
dcinned  30  and  3;t  lbs.  respectively, 

997.  Bui  when  comparing  two  rails/iTtr^j-Me/irviiwrr/V^  it  is 
obvious  that  this  is  an  unfair  basis  of  comparison,  since,  what- 
evi:r  the  original  weight  per  yard,  a  rail  for  any  one  given 
seivicc  may  be  so  de&igned  as  to  utilize  most  of  any  addttiuaal 
weight  in  wear,  leaving  the  weights  of  the  worn-out  raiU  when 
scrapped  nearly  the  s^nic.  ThU  i»,  of  course,  not  (ully  possible 
without  using  very  ugly  and  distorted  original  sections,  but  it  is 
at  least  a  moderate  statement  that,  even  if  any  two  rails  of  dif- 
fei-cnt  weights  arc  designed  precisely  "similar"  to  each  other  (as, 
Siy,  Fig.  34s),  so  that  they  have  the  same  proportion  of  waste 
ntetal  (as  respects  wear)  in  the  base,  yet  the  head  can  in  all 
Ciiscs,  in  any  one  given  service,  be  worn  down  to  an  equal  ulti* 
ntate  weight  before  condemnation,  so  that  a  4o-lb.  and  5»-lb. 
rht)  would  compare  ax  follows: 


.-WlllH   XlH.— 

. Wh  ■!•  WolOI  OffT.              . 

He«d.        Bu*. 

Hm.         Bur.               ToUL 

40-lb.  rail,  .     . 

.  10  lbs.     30  IIni. 

10  lb«.     SO  11m.         30  lbs. 

jo-lb.  rail.  .     . 

.  2$  lbs.     1%  lbs. 

10  lbs.     35  lbs.         35  lbs. 

I 


A  jo-Ib.  rail  worn  down  to  35  lbs.  may  fairly  be  said  to  be  at 
le#st  as  strong  and  safe  as  a  40-lb.  rail  worn  down  to  30  lbs., 
although  (hat  is  rattier  an  extreme  illustration  ax  respects  the 
absolute  amount  of  wear  for  either  of  ihc  raits  specified:  but  by 
proper  design  it  is  realiiable  in  sections  sufficiently  strong  for 
their  duty. 

999.  If,  however,  w«  arc  practising  the  last  degree  of  economy 
in  first  cost,  clwosing  the  very  lightest  section  which  is  con- 
sistent with  the  duty  laid  upon  it,  as  we  have  already  admitted 
is  sometimes  expedient,  it  is  obvious  that  we  cannot  count  on 
any  such  rate  of  wear  as  that.  Wearing  off  half  the  head  means 
reducing  its  ultimate  strength  by  something  like  45  per  cent,  and 
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its  stifTness  by  65  10  70  per  ceiti  (making  merely  a  rough  cstimaie 
of  ihc  new  "mmiienis  o(  inertia"  and  "radius  of  gyradon" 
necessary  10  determine  11  cxiictly).  When  we  nre  selecting  a 
rail  as  light  as  wc  dare,  we  have  no  such  margin  as  that;  yet  wr 
must  assume  some  margin  for  wear,  for  however  light  a  section 
may  be.  it  cannot  be  expected  to  become  unserviceable  as  soon 
as  ibc  top  is  fairly  polished.  We  may  assume,  perhaps,  that,  in 
such  cases,  a  wear  equal  to  one  ririK  of  the  metal  in  Itic  head 
fs  more  or  less  consciously  contemplated  and  actnatir  realized. 
With  these  premisr*,  we  may  determine  in  Table  197  how  much 
durability  wc  get  for  a  dollar  with  light  and  heavy  sections,  and 
it  will  be  seen  that — of  all  the  three  qualities  we  are  buying— 
the  worst  sacrifice  by  far  is  in  buying  durability  in  light  sec- 
tions. It  is  as  if  when  buying  rails  wc  were  buying  steel  in- 
stead of  durability,  and  chose  the  light  sections  in  the  face  of 
the  following  raarkct  quotations  of  steel: 

Steel  in  lo-lb.  sections. $30  00 

Additional  lot*  (spot  cash  for  future  delivery,  as  needed,  at  end 

o(  —  years), 1  7S 

StccI  in  40-lb.  sections 30  00 

Additional  lots 1  31 

b(ct:l  in  6o-lb.  sections, JOOO 

Additional  lots, f  76 

Of  course  this  enormous  diSerence  is  due  not  so  much  to  the 
extraordinary  cheapness  of  the  durability  In  the  heavier  sections 
as  to  the  extraordinary  dearness  of  the  durability  tn  the  lighter 
sections.  Still,  if  wc  assume  thai  we  get  our  money's  worth  out 
of  the  light  sections,  the  comparison  is  a  (air  one.  By  varying 
the  assumed  rates  of  wear,  the  numerical  comparison  will  be 
modilicd  accordingly,  but  in  no  probable  case  enough  to  make 
the  moral  materially  different. 

999.  Of  course,  too,  it  is  to  be  remembered  that  durability  is 
a  quality  (or  future  delivery  (for  light-traffic  roads,  perhaps,  in 
a  very  distant  future),  which  we  pay  down  for  now,  in  cash.  It 
is  therefore  only  the  pkf.sfnt  worth  of  this  future  value  which 
we  ought  to  consider.     Still,  Uiis  applies  only  to  the  durability. 


CirAP    XXIL—LICUT  RAILS  AND  UdlT  RAILWAYS.   747 

The  strength  and  stt£Fness  wg  have  use  for  from  the  vfiry  clay  the 
rails  arc  laid;  and  even  the  present  worth  of  the  extra  durability 
at  the  largest  prohal>!e  rate  of  interest  and  the  longest  probable 
life  of  light  rails  is  cheap  indeed  at  the  price  paid  (or  it,  as  will 
appear  from  Table  18,  page  81,  or  more  directly  from  the  follow- 
ing Table  198,  which  explains  itself,  and  will  probably  make  it 
very  clear  that  whether  a  new  project  as  a  wiiolk  will  pny  or 
not.  it  is  almost  sure  to  return  a  heavy  profit  on  the  adi>itional 
capital  invested,  obtained  at  any  prob<iblc  cost,  to  buy  reasonably 
heavy  rail-sections,  (or  the  sake  of  their  durability  alone. 

Tasi^  190. 
YiACS  OF  Wear  witini  a  Lickt  RAa-SecriON  Minr  Outlast  wmtx.  THS 

DCKABILITV  OBTAtNABLK  HV  AUDINC  FlVK  Lui.  PKH  VaRD  TO  IT  WILL 
BECOMS  A  L-OtlKC  ElAKCAlK,  ConlKC  MOKX  TtlAK  THAT  OF  THE  LlCHT 
SlCTlOK.* 


WcicitT  «r 

PlEUHT  Cost  or  Catital. 

Licm  StCTioa. 
tbt.  Pf(  Yird. 

{  ptrctni. 

ID  per  ceoi. 

1 )  per  ixm. 

»pcce«tii. 

Vm*. 

Vno. 

Vetn. 

Year*. 

30 

45. ft 

JJ.O 

'5'7 

tl.O 

*=■ 

*i>.l 

n  » 

17. a 

"3-1 

1            40 

sa.o 

lb  & 

iS.I 

r4.S 
'S-S 

1      ^ 

58-1 

S9  4 

ig.d 
ia.6 

1            "^ 

60,3 

jt>.9 

31.  1 

16.1 

'            SO 

61.4 

JI.9 

ai.a 

16.7 

•  For  the  uliimMcvilue.t',  Ota  certain  (ua^iaTcnedMCOiBpaund  iatciai  lor  n  re««  at 
r  per  ecDi.  *<  tan 

*b(De«  lot  t/  3  ioi[/-l-i>a('-f  *)y  ■^ 

loed  +  •] 

L«ltli)H  dw  DUBCMMT  <i}  M  ihtvulor  (ra«><'>><  >•■  o»ltfmii«of  Tihle  (47  ^  /  (Ibt  lot  0' 
irUdi  its  and  air  tcdioptndt,  Ihc  dcflenilnilor  t>(  ihc  umc  fnciiooi  ttllt  =  U^teA  kcIwtc 

tooo.  In  these  facts  we  have  reasons  enough,  and  to  spare, 
why  all  roads  should  tend,  as  they  do  tend,  to  use  what  project- 
ors of  new  roads  call  a  "  hca\'y  '  rail,  and  think  they  can't  afford. 
It  is  because,  for  a  poor  road  as  well  as  a  rich  one,  the  cest  ts 
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TtiR  ciiEAPi^sr.  and  a  poor  road,  even  more  than  a  rich  one,  must 
have  the  cheapest  to  live  at  all.  It  is  because,  with  railways  ss 
with  men,  "  the  destruction  of  the  poor  is  their  poverif,"  in  that 
there  arc  not  as  many  cents  in  a  poor  man's  dollar  as  in  a  rich 
one's,  because  of  the  bad  bargains  which  hts  poverty  drives  him 
10 — or  he  thinks  it  does.  While  it  may  still  be  right  to  buy  the 
Kght  sections,  if  we  must  have  something  and  cannot  pay  more 
it  should  iu  least  be  realized  how  great  a  sacrifice  it  made,  in 
order  to  make  sure  that  there  is  no  other  direction  in  which  a 
less  costly  economy  can  be  exercised. 

Of  course,  as  has  been  already  stated,  there  is  another  side  to 
this  question — a  certan.  legitimate  and  advisable  use  of  light 
rails.  If  a  man  needs  but  three  yards  of  cloth  to  make  a  coatr 
and  only  needs  one  coat,  there  is  no  particular  economy  in 
hi*  bnying  four  yards,  simply  because  he  can  get  it  cheap;  and 
then,  besides,  there  is  always  the  open  question  whether  his  great> 
est  need  is  for  u  coat  or  a  pair  of  breeches.  That  part  of  the  ques- 
tion we  mtiy  now  cu^^ide^.  We  have  merely  found  so  far  that 
if  a  man  is  going  lo  buy  a  coat,  there  is  a  fearful  loss  which  a 
poor  man  cannot  afford  in  buying  one  which  is  too  small  to  fit 
and  too  flimsy  to  wear.  Of  all  directions  for  economy,  cutting 
^ou-n  the  rail-section  is  the  most  costly  in  the  end. 

(001.  If  attempted  economies  in  .ill  other  directions  were 
eqiiaUy  disastrous,  we  should  be  led  directly  lo  the  conclusion 
that  it  was  not  worth  while  to  build  light  railways,  and  that  they 
could  never  reasonably  be  expected  to  prosper;  but  such  a  con- 
clusion must  be.  in  part  at  least,  fallacious:  for  there  is  evident 
need  at  many  points  for  just  such  lines,  which,  when  built,  di 
prosper,  or  at  least  answer  the  requirements.  Hence  there  mast 
be  certain  directions  in  which,  within  certain  limiis,  it  is  expe- 
dient to  economise  in  their  construction,  and  there  are,  in  fact, 
many  directions  where  economy  does  little  harm.  If  we  exam- 
ine in  detail  the  cost  of  even  a  moderately  important  line,  we 
shall  find  that  an  enormous  proportion  of  it  is  for  items  which  a 
light,  cheap  railway  either  has  no  use  for  at  all,  or  can  dispense 
with  at  slight  inconvenience,  in  part  or  whole,  or  can  postpone  at 
moderate  sacrifice  to  some  indefinite  date  in  the  future. 


I 

I 
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1002.  Terhikal  facilities,  for  instance,  are  an  Immense  item 
in  [he  investment  in  large  railways.  In  the  Buflalu  (N.Y.)  yards 
alone  there  are  650  miles  of  track  (Tabic  103),  representing  an  in* 
vesimeni  ai  milliuns.  Station  jind  other  buildings  arc  oilier 
large  items,  which  may  be  made  xmull  on  n  light  road;  but  the 
chief  \}i  itti  directions  in  which  a  rigid  yet  intelligent  eci>nomy 
may  b«  cxcreised  to  rctlwcc  largely  the  construction  account  with- 
out undue  cfTecl  upon  earning  capacity  is  in  the  conslruciion  of 
llie  road  to  sub-Kradc. 

,  1003.  This  is  best  seen  by  considering  how  much  (or  rather 
liow  little)  the  cost  of  5  1b».  per  yard  extra  weight  in  the  rail, 
which  we  may  lake  at  the  even  figure  of  %y>  per  ton,  or  $140  per 
mile,  will  do  In  construct  the  roud  to  ^ub■gradc.  We  have  seen 
how  very  advantageous  is  the  effect  of  this  expenditure  npon  the 
rail-section.  If  expended  on  grading  and  mnsonry,  the  same 
amount  will  only  do  the  following: 

Cobic  Vud*. 

Earthwork,  at  30  cents  per  cubic  yard I.SOO 

Kquat  to  a  continuous  fill  5  in.  deep,  or  a  cut  10  It.  deep  and 

100  It.  long. 
Rock  cutting,  at  ti. 50  per  cubic  yard ifo 

EquaJ  to  a  cut  100  ft.  long  and  3.3  ft.  deep. 
Culvert  masonry,  at  ts  per  cubic  yard 48 

Or  one  sniall  box  ciiK'crt. 
Bridge  maMiiry.  at  ftio  per  ctib«c  yard only  24 

Far  more  than  these  quantities  can  usually  be  saved  by  aban* 
doning  the  attempt  to  fit  the  line  for  high  speed  and  long  trains. 
and  judiciously  economizing  in  these  three  ways  ;  (i)  By  using 
sharp  curviiturc;  (1)  by  using  trcstiing  in  place  of  masonry  and 
heavyearthwork;  (j)  by  modcruic  undulations  o(  grade;  to  wliioh 
may  be  added  (4)  sacrifice  of  distance  to  obtain  easy  work,  and 
especially  to  reach  towns. 

1004.  Whatever  conclusion  may  be  just  as  to  the  proper  stand* 
ABP  oi  cuRVATt'RE  for  lines  of  fair  traffic,  it  is  certain  that  for  a 
road  to  which  the  last  degree  of  economy  in  first  cost  is  essen- 
tial, and  which  does  not  expect  more  than  a  very  light  traffic,  the 
intelligent  use  of  sharp  curvature  oilers  oni:  of  the  simplest,  most 
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effective,  attd  most  expedient  methods  of  eccNiomtzing  in  first 
cost.  We  lute  seen  ilui  sioce  the  tntrodncUon  of  steel  railt  and 
air-brakes  both  the  operating  cost  and  tiie  daDiccr  of  ^hiirpcurvo. 
tare  have  been  greatlrdiminished.  The  New  York  elevated  rmtl- 
way*  run  800  or  more  trains  of  four  cars  each  per  dav  aroaod  tbc 
63"  curves  {shown  in  Figr.  201-3)  with  perfect  ease  and  with  only 
a  moderate  sUckening  of  speed.  Another  much-used  curve  of 
50  fL  radius  is  described  00  page  336.  In  Tabic  1 16  full  details 
a.e  given  of  uiher  sharp  curves  in  use  on  standard -gauge  lines, 
ranging  from  410  to  175  ft.  radius,  over  many  of  which  a  verr 
bei.ry  traffic  pasies.  While  these  extremes  are  to  be  deprecated 
(oor  are  they  often  required),  they  do  make  it  an  absurdity  to 
say  that  a  cheap  lighl-iralTic  railroad  may  not  UM^  almost  any 
curvature  which  the  nature  of  its  route  calls  for  in  order  to  re- 
duce first  cost,  whatever  its  gauge. 

In  a  country  offering  any  difliculty,  the  reduction  which  can 
be  effected  in  this  way  is  very  large  indeed,  and  it  wUI  in  gen- 
eral be  found  that  no  excessive  reduction  of  radius  ts  needed  to 
give  a  line  cloitely  approximating  to  a  surface  line,  and  fitting  so 
well  that  any  further  reduction  of  radius  will  save  but  little 
(par.  883).  This  disadvantage  is  far  less  than  that  of  light  rails 
in  ilmost  every  instance. 

1009.  Moreover,  if  the  profile  of  almost  any  line  be  studied,  it 
will  be  found  that  the  r.xPE.VDiTL'RES  are  larcelv cos-cent raied 
ATStMCUePOlNTik  FuuT  Or  Hvc  cuts  in  a  mtic,  eight or  ten  miles  in 
a  hundred,  are  what  bring  up  the  average;  so  that  in  seeking  the 
last  degree  of  economy  at  ikttt  eriticat  poinit  the  linr  a$  n  whole 
is  not,  after  all.  so  seriously  modified  ns  would  \x  imagined.  A 
further  advantage,  or  raiher  a  bright  side  to  the  disadvantagf  of 
so  economizing  by  sharp  curvature  is  that  at  many  points  the 
wiirks  may  assume  a  mere  temporary*  character  for  present  ne- 
cessiltes,  while  being  adapted  for  ready  improvement  in  the  fu- 
ture, when  and  if  means  exist  for  doing  so.  In  this  way  the  oe- 
cessities  of  both  the  present  and  future  are  better  provided  for 
than  if  a  compromise  line  were  chosen  in  the  beginning  which 
did  not  fully  insure  either  present  cheapness  or  future  excellence. 
Par.  183  gives  a  notable  insuiKC. 
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1006.  Here  the  question  of  GAUGE  naturally  comes  up.  Among 
the  tnuny  advantages  whicli  have  been  ko  lousely  claimed  (ur  the 
narrow-gauge  system,  peihiqis  none  tius  been  so  Insiiled  on.  or 
kO  affected  tlie  popular  imaginuiiDn,  as  this  one  of  being  able  to 
iim:  sliarp  curves  readily  which  were  all  but  impracticable  with 
the  standard  gauge, 

A  few  years  ago,  when  the  first  edition  of  this  treatise  imn.  i*. 
sued,  no  discussion  of  ihe  question  of  light  railways  could  have 
been  adequate  without  entering  pretty  fully  Into  the  /ro/  and 
<9m  of  the  gauge  question.  Thi>  is  no  longer  necessary.  The 
irretiitible  logic  of  events  has  practically  sellled  ihc  question, 
and  the  belief  in  tlie  narrow-gauge  as  an  expedient  and  defensi- 
ble system  of  construction,  which  was  from  the  beginning 
H  founded  chiefly  on  illusion  and  delusion,  is  rapidly  passing  away, 
and  all  but  gone.  We  may  therefore  merely  summarize  briefly 
lltc  leading  points  of  llie  question. 
H  As  respects  curvature,  we  have  already  seen  {pars.  j^5-6)  that 
™  while  the  gain  in  curve  resistance  from  a  narrowing  of  gauge 
only,  with  no  other  change,  is  very  slight,  yet  when  the  wheeU 
base  is  reduced  correspondingly  the  curve  resistance  is  probably 
diminished  about  in  proportion  to  the  gauge.  As  this  is  what  is 
usually  done  in  practice,  we  may  consider  it  from  that  point  of 
view- 

1007.  But  thcquestion  then  arises:  What  is  saved  thereby  ?  If 
it  be  to  increase  the  hauling  capacity  of  engines,  a  very  slight  ad- 
ditional curve  compensation  will  neutralize  the  extra  resistance 
of  the  wider  gauge,  and  we  have  already  seen  (par.  290)  that  any 
radius  which  is  likely  to  be  desired  is  readily  practicable  for 
properly  designed  standard-gauge  engines,  [f  it  be  10  save  the 
extra  wear  and  tear  and  loss  of  power,  a  small  reduction  in  an 
item  the  whole  of  which  is  so  small  (Table  115,  page  333)  is  not 
worth  any  considerable  sacrifice,  nor  can  it  be  taken  for  granted 
(nor  is  it  probable)  that  there  is  any  such  reduction. 

nOO.  As  respects  rolling-stock,  there  cannot  he  a  question 
that  there  is  absolutely  no  practical  advantage  in  the  narrower 
gauge.    Any  reputable  locomotivcrbuildcr  will  contract  to  build 
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engines  of  (he  same  weight  and  power  for  citlier  gauge,  which 
will  traverse  the  same  curves,  fur  the  same  price.  The  Mimdard- 
g;auge  engine,  in  fact,  will  or  can  have  enough  &honer  wbcel- 
buse,  because  of  its  grenler  n-i<Iili,  lo  mjikc  it  tiike  ciir%'cs  n  little 
belter — 'a  very  tmpurlani  poini  which  narrow-gauge  advocalcs 
and  opponents  alike  have  nlmosl  wholly  lost  sight  of. 

The  ^mc  Is  essentially  true  of  the  cars.  The  car-bodies  may 
be  exactly  the  same,  and  the  trifling  loss  from  the  extra  width  of 
trucks,  if  ii  were  worth  discussing  at  all.  may  be  fully  made  up 
by  a  slight  increase  in  the  weight  and  capacity  of  the  car-body, 
while  car'bodies  of  the  ordinary  size  and  Cii|iacity  can  go  Nifely 
over  any  structures  or  track  which  will  carry  a  light  locomotive 
— whether  standard-gauge  or  narrow-gauge — and  carry  as  large 
a  proportion  of  paying  load  as  is  customary  in  narrow-gauge 
ciirs, 

1009.  The  bridges  and  trestles  are,  of  course,  not  affected  by 
the  width  of  the  gauge,  if  rolling-$tnck  of  the  same  weight  and 
width  pass  over  ihem;  besides  which,  we  shall  shortly  sec  cvl< 
dence  (par.  1039)  that  the  cost  of  bridges  is  but  very  little  affected 
by  the  load  per  lineal  foot  they  are  built  to  carry,  so  ihal  there 
is  little  real  inducement  lo  build  such  structures  to  carry  lesD  iban 
the  common  loads. 

The  earthwork  and  masonry  is  affected  only  by  whatever  dif- 
ference there  may  be  in  the  width  of  the  road-bed,  which  cannot 
properly  be  more  than  the  difference  of  gwugc.  The  ries,  we  shall 
soon  see  (par.  1056),  may  be  made  somewhat  shorter,  or  about 
three  quarters  of  the  usual  width,  but  only  at  the  expense  of  de> 
creasing  the  stability  of  the  track  and  increasing  the  labor  re- 
quired. 

Fencing,  right  of  way,  buildings,  frogs,  snitches,  side-tracks, 
shops,  etc.,  etc.,  are  not  affected  at  alt,  tf  the  standard  of  excel- 
lence and  weight  of  rolling.siock  be  the  same. 

tOIO.  There  remains,  therefore,  as  the  net  gain  from  the  nar- 
rower gauge,  only  the  slight  saving  in  grading  and  ties,  which 
may  amount  to  one  to  four  per  cent  of  the  total  cost  of  the  line. 

On  the  other  hand,  there  are  several  very  serious  losses.    Tbe 
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wnr  whic))  is  aluiie  of  decisive  importance  is  tiic  great  losa  from 
not  being  able  to  c-xcliangc  traffic  in  bulk,  but  having  to  isans- 
ship  ail  freight  and  passengers.  The  loss  from  this  is  fur  more 
than  its  direct  cost.  The  resuhiiig  inconvenience,  delay,  and 
damage  to  freight  drives  away  much  iiiiffic. 

The  cost  of  muintaining  track  to  a  given  standard  of  excel- 
lence it  likewise  greater,  the  cost  for  tnick-l^bor  being  in  about 
inverse  proportion  to  the  length  of  the  lies.  The  less  bearing 
area  of  the  ties  on  the  ballast  increases  this  disadvantage  ma- 
terially. 

The  maintenance  of  rolling-stock  is  decidedly  more  costly  In 
proportion  to  work  done,  and  the  train  resistance  higher,  because 
of  the  smaller  wheels.  The  speed  is  neccssaiily  lower,  and  the 
passenger  cars  less  comfortable. 

These  facts  are  now  admitted  by  all  intelligent  managers, 
whether  of  broad  or  ti:irrow  gauge,  and  the  reconstruction  of 
narrow  to  standuni -gauge  is  now  going  011  with  great  rapidity. 
Several  thousand  miles  of  narrow-gauge  lines  have  already  been 
changed,  and  it  is  plainly  only  a  matter  of  a  few  years  when  prac- 
tically all  the  remaining  lines  will  be  changed. 

1011.  It  is  often  apologetically  admitted  by  those  otherwise 
opposed  to  the  narrow-gauge  (hat  for  certnin  mountainous  re* 
gions  it  is  best  adapted.  This  likewise  U  an  error,  except  for 
such  few  lines  as  arc  not  likely  to  either  have  or  desire  traffic 
relations  with  other  roads. 

An  example  is  the  great  system  of  narrow-gauge  lines  in 
Colorado.  The  Denver  &  Rio  Grande  was  projected  in  the 
«ar!y  days  of  the  narrow-gauge  movement,  and  did  much  to 
vxtend  it,  if  indeed  it  may  not  be  said  to  have  been  the  origin  of 
it,  as  it  certainly  was  the  source  of  its  temporary  strength.  It 
it  by  much  the  most  considerable-  narrow-gauge  system  in  the 
world,  and  for  many  years  was  ,1  great  fin.incial  success;  nor  are 
its  later  troubles  lo  be  ascribed  primarily  to  its  gauge,  but  to 
bad  judgment  in  extensions  and  other  expenditures. 

NeverthcicBS.  the  success  of  this  line  had  Ititle  or  nothing  to 
^0  with  its  gauge,  but  was  due  rather  to  the  faci  that  it  was 
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cheaply  t>iiill,  and  was  assured  a  monopoly  of  a  rcmuDcraiive 
and  growing  traffic  at  very  liigli  rales — rates  (rom  three  l« 
ci((ht  times  liighcr  than  were  usual  on  lines  farther  cast.  Tlie 
disadvantages  of  a  break  of  gauge  were  likewise  reduced  to  the 
minimum  by  lis  location.  Its  narrow-gauge  system  was  com- 
plete in  itself,  and  connected  with  sundafd>gauge  tracks  at  but 
a  few  points,  where  transshipment  was  often  no  disadvantage' 

Vet  even  under  these  circumstances — ilie  most  favorable  under 
which  any  large  narrow-gauge  lines  have  ever  been  placed — tl»e 
disadvantages  of  the  gauge  have  proved  so  serious  that  it  (a 
now  (t8S;)  only  the  lack  of  means  which  prevents  the  immediate 
widening  of  the  gauge  on  all  the  more  important  Imes.  To  do 
tills  involves  tittle  expense.  The  ties  are  rather  short  for  the 
purpose;  but  the  so"  and  24°  curves  can,  in  the  first  place,  be 
passed  without  difliculty  by  the  sUndard-gauge  engines,  and.  in 
the  second  place,  tiic  cost  of  reconstructing  such  curves  as  are 
objectionable,  while  it  may  be  a  considerable  absolute  sum,  will ' 
be  A  very  trifling  one  in  proportion  lo  the  total  investment,  and 
probably  far  less  than  the  present  yearly  loss  from  the  narrower 
gauge. 

1012.  The  use  of  a  narrower  i^uge  to  cheapen  construction 
has  been  proved  by  actual  experience,  therefore,  to  be  in  all  cases 
inexpcilieni  for  any  road  handling  a  general  traffic,  or  bavin^l 
any  reasonable  chance  of  wishing  to  exchange  traffic  with  other 
lines, 

1013.  Returning  to  the  more  hopeful  directions  for  economy:  1 
the  free  use  of  wooden  trestling  and  the  practical  abandon- 
mcnt  of  the  (immediate)  use  of  masonry  is  another  legitimate 
and  wise  device  for  reducing  first  cosL 

There  are  not  a  few  engineers  who  decry  the  use  of  woodeitl 
trestles,  nor  can  it  be  denied  that  they  are  often  ill  and  danger-  | 
ously  built,  and  then  neglected  so  long  that  they  become  a  (re-' 
quent  source  of  accident.     But  when  properly  built  and  properly 
kept  up,  they  furnish  a  safe  and  cheap  method  of  .tvoiding  or 
postponing  the  more  costly   features  of  consiniciion,  so  that, 
even  for  roads  of  considerable  tntffic,  it  is  far  wiser  to  preach 
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ic  guspel  of  sound  construction  llian  to  decry  their  existence. 

Tuiiunaicly,  under  existing  cunditions  in  America,  tno^t  of  the 

jfocalitics  where  very  light  railways  only  can  be  supported  are 

tear  eiioujih  to  local  timber  supply  to  obtain  pine,  hemlock,  or 

thei'  suitable   trcstting  timber  at   very  low  prices;  and   with 

>IU  stringers,  and  split  sills  and  caps,  it  is  easily  possible  (with- 

>ul  gning  into  fuller  details,  tvhicli  would  be  inappropriate  in 

lis  volume)  to  erect  suhstanlial  liUuciures,  without  mortises,  in 

rhich  each  individual  stick  is  rcnewahle  in  detail,  and  wliich 

rill  be  its  safe  for  the  passage  of  trains  as  any  bridge,  so  long  iis 

'  are  properly  maintained.     The  great  majority  of  the  ircMles 

erected  in  this  country,  however,  ai«  ilUdesigned,  especially 

specie  the  floors, 

1014.  At  somewhere  from  lo  to  15  feci  of  height  of  fill  such  a 

llructurc  becomes  cheaper  in  first  cost  than  even  a  plain  earth  (ill; 

and  when,  in  additinn  to  the  fill,  there  would  h;ive  to  be  a  tnn- 

Bonry  structure,  or  when,  if  it  were  not  for  the  trestle,  the  grade 

would  have  to  be  dropped  or  the  line  swung  in  so  as  to  give  a 

rock  cm  (or  even  a  heavy  earth  cut)  at  each  end  of  it,  the  trestle 

becomes  very  much  cheapei',  and  its  free  use  affords  us  a  solid 

and  safe  roadway  for  immediate  use  which  can  be  continued  in 

(he  same  form  indefinitely,  if  poverty  requires  ii,  or  which  can 

be  advantageously  and  economically  replaced  by  more  perma- 

^nent  structures  at  any  lime,  using  trains  to  make  the  Tills  and 

Supply  ihe  stone. 

lots.  It  is  also  allowable  to  use  woodkn  BOX  culverts,  (o  be 
cplaccd  in  time,  as  they  begin  to  decay,  by  iron   pipes  placed 
side  of  ihcm.     Many  great  roads  where  stone  is  scarce  build 
in  place  of  open  culverts  or  trestles  as  a  regular  pr.iciice, 
much  can  be  said   for  it.     No  road,  of  course,  would  use 
Iwood  for  box  culverts  when  stone  could  be  obtained  at  reason- 
able cost. 

1016.  The  use  of  moderate  undulations  on  gradients  affords 
another  means  by  which  the  first  cost  of  a  line  may  often  l>c 
largely  reduced,  and  we  have  seen  (par.  397)  chat  if  the  triuk  be 
j;ood  enough  to  stand  a  certain  moderate  increase  of  speed  at 
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Special  points,  il  involves  no  injury  to  llic  hauling  capacity"! 
engines.  Tlie  limits  wiiliin  wliicli  momentum  can  be  relied  on 
in  this  manner  has  been  already  considered  (par.  441)  and  auy, 
when  economy  Is  urgent,  be  closely  approached,  us  in  the  io- 
stance  of  pur,  831.  bcL'iiUSe,  should  such  undulations  prove  seri- 
ously objectionable,  they  may  be  tuken  out  at  any  time.  Thi» 
is  certainly  a  far  wiser  way  of  economizing  than  cutting  down 
the  rail  so  light  that  it  will  barely  carry  the  engine,  as  is  o(ten 
done. 

1017.  rinally,  one  remaining  device  will  complete  all  thai  is 
postilile,  or  probably  neceswiry.  in  llic  way  of  reducing  the  firW 
cost  of  the  road-bed,  A  great  de<il  of  money  is  spent  by  man; 
roads  which  can  ill  afford  the  luxury  in  gelling  a  short  line,  lo 
the  light  of  the  facts  brought  out  in  Chap,  VII.  it  is  tittqucsiitm- 
able  that,  however  it  may  be  with  roads  of  large  or  of  fair  traflk, 
a  cheap  light-traflic  railway  which  spends  money  (o  get  a  sh 
line  is  burning  its  candle  at  both  ends,  and  the  engineer  of  su 
a  line  cannot  too  carefully  remember  tlial,  although  on  the  one 
hand  its  length  may  be  the  ruin  of  it,  because  il  has  to  operate 
it,  yet  oil  the  other  hand  it  is  its  salvation,  because  its  revenue 
deprnds  on  it. 

lOIB.  Bspccially  is  this  true  when,  in  choosing  ihe  easiest 
line  rcgaidtess  of  distance,  we  not  only  obtain  nn  easier  line  to 
construct,  but  one  which  will  take  us  Ncakeh  TO  THE  various 
SOURCES  Of  TKAKFic.  However  it  may  be  with  lines  of  larger 
traffic,  a  poor  railway  certainly  cannot  afford  to  pass  by  on  the 
other  side  even  quite  small  traffic  points  which,  by  going  nearer 
to  them,  will  add  a  Utile  more  traffic  10  the  slender  aggregate; 
not  only  because  every  little  helps,  but  because  the  revenue  pet 
head  of  that  population  is  also  smaller,  as  we  have  »eeo  in  id 
preceiling  chapter. 

1019.  The  truths  which  hiivp  been  stated  are  not  to  be  talcca 
"  iicitt,"  nor  recklessly  twisted  to  mean  more  than  has  been  said; 
as,  for  instance,  that  il  is  ever  expedient  to  lengthen  a  line  mertff 
for  the  sake  of  lengthening  it,  or  that  it  is  not  worth  while  to  try 
to  avoid  curvature,  or  that  wooden  trestles  are  as  good  as  pe 


;)ne 


et 


I 


CHAP.  XXI/.—UGIlT  KAILS  AXD  UCttT  RAIL  i¥A  VS.  757 

manent  works.  It  has  been  merely  intended  to  shuw  ihat,  for  a, 
rusd  wliikh  must  practise  the  last  degree  of  ecunomy  and  wbkli 
lias  little  more  than  a  turnpike  trallic,  the  coNSTXticTlOK  op  the 
KOAi>  TO  suB-cHAnF,  \i  the  proper  phice,  iind  the  most  hopeful 
place,  for  "culling  to  ilic  bone."  because  an  aniouni  sufficient 
10  give  a  decently  solid  supersiructuie  can  usually  be  saved  out 
of  the  first  construction  with  far  less  risk  of  injury  and  loss. 
This  is  apparent  from  Tabic  1(19.  showing  ihc  percentages  of 


Table  199. 

SiiowiNc  TUK  PesocMTAaE  &f  Cost  to  Soi-Giuds  on  Vaxjdua  Itsms  or 
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60 
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46 
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Ckaiuctkb  or  Lisib)  : 

L  Chi«ftTliet)(.  wfib  tKiioiuothnvTtiadlOE;  no  neae-wnrk. 
n.  UodrFilrly  litflit  t^tiAmc.  wilh  HctiDDt  of  hMvy;  nutif  tiriictuns. 

III.  SidF-hlU  line,  no  turfacc  work :  very  nunwraut  ■trucliirni 

IV.  LkKtii  ■utfooe  giadtDg.  IwD  OHiIr  brldcH  only :  muchhiEli  trailtue- 
V.  Ons  nf  Ills  eowlitM  wctioiu  of  inounuin  line  In  ibe  L'ulitil  Suio. 

The  rclttlvt  coii  <rf  aaothcr  lii^i  Wntoii  raul,  Mivral  hunilrrd  miln  lone. ' 
dhided  a  foUuivf,  Indudlne  all  U«ii».  met  noi  iboM  to  mb-Gndc  only : 
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*i 


I>rciBilM  up  road-bed  aiwr  irinur i-t 

Rlj{hi  of  way,  fencing,  c-jiElv-ctuida  tod 

roait'croHlnRi i.« 

lUlbwd  uathlaytnc,  comprew if.} 


p.  c 

Cro«*-»™  (tiiy  iiniii![| t.j 

EoauK-homri.    thnpa.  muImm.  wattr 

■upply,  punpcvic *.« 

I/KomoilTuind  «fi  lo.i 

Inlermon  bondi  to  openinf. %.% 

DiKonnlon  band*-..   ........4..- ■■-.-.     ^.y 

Tace*  la  ApFnlnE «.■ 

Offlc*  txyaat*.  Bliirtei.  eic.  lo  opm- 

innoffinE  ---  -.--.      .- 

Incidcntjil  taopvrdnf  of  [Ins ...... ...... 

Total  10  opMlu  of  1IM 
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tlie  cost  [o  sub-grade  of  various  ilcms  on  dtfTcicDi  railrujids,  all 
of  tliemof  cumparaiivcly  light  (altliougli  not  the  lightcsi)  inilfic. 
and  v^iying  in  >  hurnctcr  nf  work  from  modeiately  light  tuthr 
very  he;iviesi.  The  prices  on  all  of  them  were  from  15  lo  40  per 
cent  higher  than  now  (iiI3(i)  obtain,  under  fnvorablc  conditions: 
but  in  each  case  alike  it  will  be  seen  how  much  less  injury  a  sav* 
ing  of  $140  per  mile  in  some  or  all  of  the  ticms  given  would 
piobubty  have  done  to  the  road  than  if  5  lbs.  per  yai-d  were  cm 
off  the  rail-!>ection, 

1020.  Nothing  has  been  said  so  far  about  ckauients,  because 
a  ver>-  light  iralhc  road  cannot  afford  to  sjieud  money  to  obiaia 
more  favorable  gradients  than  careful  study  of  the  country  will 
afford  at  the  minimum  cost,  which  (par.  S94)  will  generally  lie 
quite  reasonably  favorable.     At  any  rate,  white  the  lemptuiioi 
for  the  locating  engineer  to  magnify  tiis  office  may  be  gre. 
until  provision  has  first  been  made  for  a  reasonably  snbsmniin 
and  welUmaintained  track,  it  may  be  taken  as  a  tolerably  safe 
general  rule,  that  the  same  amount  of  money  expended  on  trad: 
will  add  far  more  to  the  hauling  capacity  of  the  line  than  il  c: 
pendcd  to  reduce  gradients. 

1021.  Cutting  the  work  down  in  the  various  ways  suggest 
with  due  care  lo  do  the  minimum  of  injury  to  it&  ellicicncy,  %y»o 
to  $5000  per  mile  may  he  made  to  grade  a  very  light  railway 
through  tolerably  broken  country,  and  ihi&,  of  course,  under  fa- 

orablc  circumstances,  may  be  reduced  much  lower.  For  such 
lines,  intelligently  planned,  there  is  and  will  probably  always  be 
a  very  wide  field.  The  trouble  is  that  the  economy  Is  too  often 
given  a  wrong  direction,  and  the  item  which  is  ordinarily  the 
first  attacked— the  rail-sectioD — is  one  of  the  last  of  all  to  attempt 
to  economize  in. 


lOiS.  Thin  m.-iy,  perhaps,  be  made  still  clearer  if  we  revert  10  the 
question  (or  a  moment  10  consider  a  liiile  more  exactly  llie  kfLaTIO: 
OF  BAIL  ro  TRACK-LABOR.  Wlicre  IS  uionc)'  fo*  iniproviiiK  track  Ijest 
ex[)ended— in  increasing  the  rail-section  or  in  more  track-labor?  The 
stiller  the  rail  the  less  perfect  need  l)c  the  supports  of  the  road-bed  for 
equal  excellence:  but  It  is  sometimes  claimed  that  this  needed  support 
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on  be  more  cheaply  obtalncil  by  putting  a  little  more  work  Into  the  snr- 
fucing.  especially  when  extreme  economy  in  first  cost  seems  necessary. 
It  hsfdly  iiceils  mote  tlian  a  few  col1(^a'^tin|{  ligurcs  to  sec  that  this  Is 
more  an  impression  than  a  well-founded  belief. 

1013.  To  increase  tlie  weight  of  rail  10  lbs,  per  yard  requires,  in  round 
numbers.  16  tons  per  mile,  costing,  at  the  even  fi^^re  of  $>>  per  ton,  $480 
per  mile,  the  interest  on  which  is. 

Al  S  per  cent.  At  10  per  cent.  At  to  per  cent, 

t>4-oa.  94S.im.  I^p.ca. 

Equal  to  a  cost  in  cents  per  train-mile,  assuming  various  numbers  of 
trains  per  day  each  uray,  of 

■ Cnrn  p«b  Thaih-Miu  . 

Al  5  p.  c.  Aliap-c.  AiBp,«i 

■rain  per  day 3.39  t^.%%  ij.iA 

'         "           1.64  j»ij  6.58 

'         "            ......  0.33  0.66  I,3J 

to     "          "            ....          .  0.16  Oi33  0,66 

10S4.  The  common  expenditure  on  raising  and  surtacing.  ballast,  etc.. 
is  about  10  ccnis  per  irain-milc.  as  an  average,  and  from  that  to  15  or  18 
cents  per  irain-milc  on  roads  of  vcrj-  light  tralfie :  and  contrasting  this 
»iini  with  the  figures  above,  we  see  at  once  that  on  a  road  of  any  consid- 
crablc  irafiic.  which  is  a  kind  of  road  we  are  not  now  considering,  the 
stability  gained  by  add  ing  1  o  Ihs.  per  yard  to  the  weight  of  a  rail  wrould 
giw  tar  more  (or  the  money  invested,  at  any  probable  rate  o(  interest, 
than  the  expenditure  of  an  equivalent  sum  annually  on  addnSooal  track- 
labor  lor  lining  and  surfacing.  On  a  road  running  10  trains  per  day, 
even  i(  it  cannot  get  money  at  Icm  than  10  per  cent,  the  interest  charge 
of  $48  per  ycsjf  per  mile  amount*  to  but  0.33  cents  perirain-milc.  There- 
fore the  extra  j  lbs.  per  yard  has  only  to  save  leas  than  3^  per  cent  of 
track-labor  to  be  a  paying  investment.  It  is  unquestionable  that  far 
more  than  that  might  be  saved,  and  yet  maintain  equal  condition,  even 
when  the  rail  was  a  tolerably  heavy  one. 

I03S,  As  respects  the  extreme  of  llght-tralRc  roads,  especially  those 
built  at  great  cost  for  oipital.  it  musi  tic  admiiicd  that  the  case  is  not  so 
clear  as  that.  In  fact,  for  the  extreme  of  thin  traffic  and  scant  capital, 
say  one  train  per  day  and  20  per  cent  cost  of  capital,  it  seems  at  lirst  sight 
clear  that  ii  will  not  pay  to  incre.ise  the  rail-section  beyond  what  safety 
requires,  as  the  cost  of  interest  on  even  ;  lbs.  per  yard  extra  weight  of 
rail  will  in  that  case  be  6.;8  cents  pec  tniin'inilc. 
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1026.  But,  premising  that  this  cxtTcme  case  can  but  rarely  be  <p- 
pttMctied  in  prncticc— bcc«u«  fi)  there  arc  few  even  ot  Ihc  ligliiest-liairic 
road^  which  tin  not  nin  more  thAn  one  train  esch  way  prr  dny;  and  (i) 
fou-  ro^idK  'Af:  Ml  jioor  thni.  if  the  case  is  properly  pre«c»ial.  they  cunnol 
raise  a  moderate  attdi'limtal  ca\yi\.a\  (or  bctierments  which,  wluiicver  the 
prolit  on  the  enter)>ri9ie  as  a  whole,  will  return  20  per  cent  proftl  on  tlxir 
own  Mpsrate  cc»l, — it  miiy  be  reuaonnbly  niiiintained  Irom  the  roult  o( 
experience  that  even  in  ihi*  extteiTic  aue  ibe  extra  weight  u(  rail  b  Uie 
beat  use  which  ciin  be  made  of  the  money.  The  very  Icjist  which  can 
po&sibly  be  spent  on  mere  crack  •sue  facing  and  niainCenance  (par.  134)  to 
kc«p  it  m  fairly  sAiv  condition  lor  the  passage  ol  unc  train  per  day.  li 
rrom  $iooio$t;s  per  mile,  with  (So  to  (100  additional  (or  lies.  or.  say, 
(loo  in  all,  excluding  perhaps  $100  more  for  jrards  and  miscellaneous. 
The  cost  of  the  5  lb«.  per  yard  extra  weight,  even  at  30  per  cent  interttt 
on  capital,  is  only  $48  per  year,  for  which  shglit  increase  of  one  Afih  or 
one  sixth  in  the  interest  charge  on  tails  we  have  ]ust  seen  (Tables  195, 
196,  197}  that  wc  obtain  an  average  increase,  in  a  very  hghl  mil.  ul  fully 
50  per  cent  in  the  three  elements  of  sirennth.  xtitlness,  and  durability. 
Ciranling  a  luiul  to  be  »o  puur  that  no  increaite  whatever  in  total  charges 
Ciin  be  b»rne  (or  :iny  bcticnneiil,  liuwevcr  great,  beyond  absolute  neces- 
sities, is  it  certain  that  so  great  a  difference  In  ihc  stability  of  (he  rail 
will  not  enable  one  fourth  of  the  otherwise  minimum  track  cxpeitditure 
10  be  saved,  while  yet  leavmg  the  track  as  safe  and  good  as  before  }  Ii 
is  (airly  even  biilance.  indeed.  i;nrlcr  this  extreme  supposition.  Unlets 
the  rails  were  very  light  inciced,  it  probably  would  not  pay  to  increase 
their  weight :  but  it  is  difficult  to  escape  from  the  conclusion  that  under 
any  ordinary  condition*,  with  the  lighicxt  traffic,  it  plainly  will  pay  to 
use  a  tolerably  heavy  rail  before  relying  on  ttack-tabor  to  make  up  by 
better  surfacing  for  iix  de&ciency  of  strength,  simply  to  save  a  slight  ad- 
ditional inveitraeni  of  capital. 

1027i  If  so.  (hen  as  the  traffic  increases  up  to  a  comfortable  average, 
as  to  six  or  eight  or  ten  trains  each  way  per  day.  there  becomes  plainly 
an  immense  ectmomy  in  u«ing  heavy  rails  (o  save  track^labor,  so  much 
so  as  to  indicate  strongly  that  the  very  curious  simiiarity  in  weight  of 
tails  used  on  all  roadu  in  this  country  above  the  poorest  ckss.  despite  the 
great  dlfTcrciKC  in  volume  of  traffic,  is  due.  not  so  much  to  the  use  of  too 
heavy  rails  on  light-iraflic  roads,  as  the  use  of  far  too  light  raili  for  trtie 
economy  on  our  more  important  lines,  as,  for  instance.  60-  or  6s-lb.  nils 
on  trunk  lines  which  would  he  acting  more  wisely  to  use  ia-  or  90-  or 
loo-ll>.  rails.     The  diHerence  is.  however,  that  such  lines  are  rich  enough 
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;.Io  slund  (he  retiuliing  lass,  whereas  n  pour  road  which  |>crmits  ils  pm'crty 
dcaiitiy  il  by  buying  an  over-lighi  rail,  cuunoi.  Some  of  our  more 
prosperous  linen  have  recenity  begun  to  break  through  this  rule  by  uiitig 
what  arc  now  called  very  heavy  raik  but  the  exceptions  arc  not  yet  so 
ifiutncroua  as  to  do  more  than  prove  the  rule.  U  is  in  every  way  prob- 
^ttblc  tliat  within  a  (cw  years  So-lb.  or  90-lb.  rails  will  be  the  rule,  and 
lighter  (ail»  ihe  exception.  The  inenia  from  past  precedents,  wlikh 
lavc  come  down  to  us  from  the  days  when  rails  were  several  limed  more 
<xm\\y  than  now.  will  in  time  be  overcome. 

1036.  We  are,  therefore,  iigiiiii  and  more  strongly  driven  to 
the  c-oncliision,  thai  the  one  thing  on  which  it  is  dan^fcrous  to 
ecunotnize  Is  the  item  which  Is  often  cut  down  first  ol  all — the 
'weight  of  rail.  On  the  other  hand,  we  are  led  to  these  cunclu* 
[fioiis  as  respects  the  details  of  alignment: 

I.  As  respects  the  minor  dcliiils,  distance,  curvature,  and  rise 

and  fall,  their  effects  lo  increase  expenses  are  al  best  small,  and 

when  the  trulfic  IS  very  light  become  very  small.     They  are, 

hercforc.  one  of  the  first  direciions  in  which  close  economy  is 

Warrantable  for  very  light  roads. 

».  In  less  degree  the  same  is  true  of  ruling  grades.     Much 
flcfease  o(  expenditure  to  obtain  lower  grades  than  a  careful 
study  of  the  ground  shows  to  be  possible  at  a  minimum  expense 
is  not  warrantable. 

3.  Both  (he  above  conclusions  are  especially  true  when  the 
objectionable  details  may  be  readily  corrected  later,  when  and  if 
the  traffic  warrants  it. 

4.  Temporary  wooden  structures  lo  decrease  the  immediate 
utlay  are  the  next  most  judicious  direction  for  economy. 

5.  Economics  which  decrease  the  stability  of  the  permanent 
way  are  the  most  objectionable  of  all. 

6.  Sources  of  local  traffic  which  can  be  reached  by  any  rea* 
sonable  sacrifice  should  in  no  case  be  neglected. 
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CHAPTER  XXIII 


TiiK  ecoNOMV  or  constructiov. 


i029>  Wt  muxl  necessarily  usiume,  in  considcrtnff  \}iK  fm 
and  (ont  ')l  inuny  of  the  deuUs  of  construction  (as  in  pai'.  15). 
that,  the  conslniction  of  lh«  road  once  entered  on.  a  liitie  moie 
or  less  money  wilt  not  be  a  serious  question,  but  that  means  will 
alwairs  be  fortli coming,  at  some  rate  uf  interest  or  oilier,  il  only 
it  can  be  shown  that  the  additional  investment  will  t>e  prolil 
able. 

Bui  while  this  is  so  far  true  in  a  small  way  that  il  is  t 
only  proper  f^uidc  for  planning  the  details  of  a  line,  yet  it  u 
undeiiiiible  that,  when  extended  to  larger  questions,  alFecling 
Con»i(lerab1e  sums  of  money,  it  does  noi  in  all  cases,  nur  in  roanjr 
very  prominent  cases,  correspond  with  the  facts;  which  are 
rather  that  a  cektain  gross  si;m  only  is  available,  and  wliem 
that  is  exhausted,  if  it  lias  not  been  so  expended  as  to  com- 
plete all  tho  more  essential  details  of  the  line,  the  company  be- 
comes bankrupt,  and  th^  line  passes  into  Other  hands — perhaps 
for  luck  of  only  a  small  fraction  of  the  sum  which  has  been 
ready  lavishly  expended. 

So  many  prominent  instances  of  this  have  happened,  tha' 
no  more  than  common  prudence  to  assume  thai  there  is  immi 
nent  danger  of  it  in  the  case  of  every  new  line,  10  the  extent 
gnarding  against  it  so  far  as  is  legilimately  possible. 

1030.  This  is  the  more  true  because  of  the  fact  alluded  to  on 
page  34,  that  money  for  new  lines  of  importance  or  for  extensive 
additions  to  old  lines  can,  as  a  rule,  only  be  raised  in  "good 
times."  "  Good  times"  are  times  of  high  prices,  as  Fig.  a\6  lU 
liistratcs  very  forcibly,  and  arc  naturally  followed  within  two 
ihrce  years  by  '•  bad  limes."     By  that  time  the  new  line  is  p' 
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haps  nearly  built,  and  needs  its  lasi  instalment  of  muuey,  which 
latter  is  often  a  ■mm  which  it  was  nut  expected  tu  need,  und 
which  was  even  refused  when  ollercd,  for  fear  of  letting  in  loo 
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inanj  "on  ihe  ground -floor"— and  this  money  very  often  indeed 
has  to  be  raided  at  great  disadvariage,  if  raised  at  all. 

Unfortunately,  the  order  of  time  in  which  the  rarious  expen- 
ditures arc  incurred  Is  such  as  to  rather  Increase  this  danger. 
Many  of  ihe  most  cs^enlial  expenditures  come  last  of  all,  and 
many  of  those  which  may  be  most  harmlessly  curtailed  or  post- 
poned come  first. 

Tile  locaiins  engineer  is  in  panicnlar  danger  of  overloading 
'  his  4X>ni[Kiny  in  this  way,  because,  from  the  order  of  timtf  in 
which  his  wnrk  is  done,  he  in  effect  hypothecates  a  large  part  of 
its  funds  to  meet  expenses  which  are  not  fully  defrayed  until 
near  the  %'cry  end  of  construction.  Prudence  indicates,  there- 
fore, that  wiicnevcr  there  is  even  the  sTiplitcst  doubt  of  securing 
the  money  necessary,  the  work  should,  from  lite  first  (par.  7), 
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be  conducted  011  the  a&sutiificiiiii  iliui  only   u  given    miiiimam 
sum  will  be  certainly  available,  and  tliul  from  it  cituugh  should 

be  reserved   to  cover  ilic  most  nefcssary  items  Mt  least.     The 

question  then  arises:  In  what  direction  will  close  economy  do^M 
least  harm  ?  ^^ 

So  far  as  it  goes,  the  preceding  chapter  is  an  answer  10  thii 
question,  fur  ihc^  economies  least  harmful  to  »  light  road  nrc 
likely  lo  be  alsu  least  harmful  to  a  line  of  fair  to  large  prospective 
traffic,  h  Is,  however,  not  a  complete  nor  entirely  pertinent  an- 
swer, 

1031.  Perhaps  the  lirst  of  all  directions  in  which  economy  should 
be  sought,  or  rather  the  last  one  in  which  expense  should  be  in- 
curred, is  in  the  huilding  or  purchase  op  mtAKcHES  during  the 
period  of  orijcioal  construction.  There  are  exceptions  to  this 
rule,  as  there  are  to  all  rules ;  but  Asa  rule,  u  point  so  important 
ilmt  a  branch  to  it  cannot  be  legitimately  postponed  until  the 
m;4in  line  is  finished,  is  so  important  that  the  main  line  should 
be  carried  through  it.  Only  in  the  event  that  all  other  expenses 
are  certainly  provided  for.  should  the  construction  of  main  line 
and  br:inche»  be  uiiderlaken  simultaneously. 

To  K<<'c  on'T  *•  AinK'n  rxHOipIr  of  the  imporunce  of  ihis  role,  tbe  Casaila 
Soulhein  Railway  Cnmpany.  while  11  wa*  buildini;  its  m^o  line  to  Chicago^ 
carried  on  *)mulianei>uily  (he  contiruclion  of  (he  Si.  Clolr  bfaMch,  63  mile*. 
«nd  AH  extension  into  Michigiin  from  Si.  Claii:  (he  Toleda  And  Oetroil  branch. 
jt  milei:  and  alio  involved  iiscif  in  expensed  to  coftlrol  an  exiMiait  line  10  Ni* 
•gata  FallL  Had  the  money  wtiich  went  inio  [hew  desintble  but  nibotdlnaie 
lines  licen  concenlFuled  on  in  mum  line,  the  latter  (roold  probably  have  been 
<ompleled  10  Chicaicu,  iui<l  would  then,  probably,  have  tceurrd  enouKh  (raffle 
to  have  laved  its  projc<(DTi  from  the  almost  total  loss  which  the  puik  of  i&j 
brought  upon  them.  In  tpite  of  <criBln  unfavorable  drcumttanccK. 

t034.  Allied  to  llie  question  of  building  branches  is  that 
DouBLF.-TRACKiKc  during  original  construction.  If  there  is  any 
reasonable  doubt  of  securing  funds  to  carry  through  the  entire  | 
enterprise  successfully,  opening  n  single  track  only  at  first  is  cer- 
tainly the  next  most  reasonable  method  for  a  temporary  econ- 
omy, to  insure  that  the  means  on  hand  shall  not  give  out  before 
■he  line  is  in  working  order,  and  on  a  business  footing.     If  it  be 
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reaaonablycertiiin  that  u  double  truck  will  be  needed  in  the  near 
[utiire,  ;ill  miisonry  sinicturcs  may  he  btiilt  at  once  for  double 
(rack,  whicb  will  involve  bin  a  small  addiliun  to  the  total  cost  of 
the  road — oi'dioarily  not  over  dve  per  cent,  and  often  much  less. 
If  it  appear  still  more  certain  that  a  double  track  will  be  speed- 
ily needed,  even  tlie  grading  mny  be  done  in  the  first  instance 
(or  double  track,  and  gruding  and  masonry  together  will  not  or- 
dinarily increase  the  immediate  capital  required  more  than  10 
(o  15  per  cent. 

But  as  both  the  grading  and  masonry  for  double  track  can 
ordinarily  Ix  done  to  somewhat  better  advantage,  on  tlie  whole, 
after  the  track  is  laid  than  before,  the  expediency  of  doing  even 
Diis  much  immedidle  work  to  provide  for  the  future  is  question- 
able, unless  the  financial  condition  of  the  line  is  very  strong;  and 
the  following  items  for  double  tracking,  at  least,  can  always  be 
poitponed  to  advantage  till  the  line  is  opened, — even  if  it  n  fully 
expected  to  immediately  proceed  with  double  tracking,  anti 
funds  for  it  appear  to  be  certain, — vii.,  the  bridging,  ties,  rails, 
and  ballasting. 

1033.  In  IKOK  RRiDCiNG  there  is  nol,  contrary  to  what  is  gen- 
erally imagined,  any  economy  worth  (diking  the  slightest  chance 
fur,  in  building  double-track  bridges  instead  of  tivo  parallel 
single-track  bridges.  Thu  weight  of  a  double-track  bridge  is 
increased  about  90  per  cent  over  a  single-track  bridge  of  the 
same  span,  and  for  the  same  live  load ;  and  although  the  cost  of 
the  Ntructure  is  not  increased  in  quite  the  same  proportion,  yet 
when  we  Uike  into  cgn.iideration  (1)  even  a  year  or  two's  interest 
at  ordinary  cost  of  capital ;  and  (i)  the  depreciation  and  possi- 
ble great  need  of  the  invested  capital  in  the  daik  days  of  the 
iirsl  (iporalion,  the  petty  saving  is  not  to  be  considered  in  com- 
parison. 

There  is  also  a  certain  considerable  operating  advanlngc  in 
having  independent  bridge-spans  for  each  track,  although  the 
single  structure  is  unquestionably  the  most  pleasing  to  the  eye. 
An  accident  to  one  structure -leaves  the  other  one  available. 

The  supeiTiiructure  of  the  double  track  complete,  on  a  line 
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requiring  double  track,  will  or<IinariI]r  cost  $to,ooo  per  mtl< 
sum  which  has  rcpcate<II)'  made  all  the  diflfereace  between  suc- 
cess and  failure. 

If  any  line  could  be  juMified  by  the  nature  of  iti  expected  tnifGc  in 
laying  h  double  tntck  ni  once,  it  was  the  Wc9>t  Shore  Kiiihoad,  but  had 
thin  policy  been  iidopted  by  tbul  line  in  iMpect  to  the  double  track  ud 
Kome  similar  mattera.  it  would  probably  have  saved  it  from  bankruptcy. 

lOM.  In  Fix-  H7  is  Riven  a  diagram  prepared  by  the  writer  from  va- 
rious duta,  but  cUieily  from  formula  for  eBiimaiing  the  weight  of  brid|[e» 
giwii  in  a  valuable  paper  by  Geo.  H,  Pegrain.  C.E.,  a  bridge  engineer  of 
Iari{e  cxpctitnce  (Trans.  Am.  Soc.  C.  E.  iSSj),  which  sliows  grapliicatly 
several  thinj^s  of  imponacicc  in  respect  to  bridges. 

It  shows.  _/fr/A  how  nearly  a  double-track  bridge  cotncs  to  bciug 
double  the  weight:  tf<on4ly,  how  little  saving  is  effected  by  btiilding 
bridges  to  carr)'  light  loads;  Ihirdly.  the  ]>oini  at  which  the  saving 
effected  by  using  steel  instead  of  iron  becomes  important :  and./oMr/rf/r. 
the  comparative  weight  of  variQUs  spans  by  inspection. 

If  the  truths  which  the  eye  readily  grasps  from  this  diagrMn  wera 
more  generally  understood  and  acted  on.  there  would  probably  be  IcM 
bad  practice  ii)  rail  way- bridge  construction. 

1039.  The  third  leaKi  objeciionabic  direction  (or  economy  is ' 
the  bold  adoption  of  TKMi'OkARV  i.iNKit  where  pcrmaneni  works  I 
of  great  cost  will  otherwise  be  required;  meaning  by   "tempo- 
rary lines"  not  those  intended  merely  for  con»tructtt>n  piirposei 
or  for  use  until  the  permanent  works  can  be  completed,  but  lines 
ffood  enouph  for  several  years*  use  at  least  without  any  great 
loss,  leaving  the  better  permanent  line  to  be  constructed  only 
when  it  is  certain  that  the  traffic  justifies  and  requires  it,  andj 
means  are  aviiilable.     Considerable  amounts  of  distance,  curva* 
ture,  and  rise  and  fall  will  not  cause  a  dangerous  tiHtt;  in  opera- 
tion for  a  few  years,  if  used  only  on  the  rougher  sections  as  a.J 
substitute  for  more  costly  works  later,  and  will  enable  the  im* 
mediate  nutlay  on  the  usually  short  scciioos  (par.  1005).  where  the 
most  costly  works  are  concentrated,  to  be  very  materially  reduced 
in  many  cases,  as  well  as  enable  the  line  to  be  opened  before  an 
impending  crash  comes.     The  same  is  true  in  less  degree  of  the 
use  of  TEMPoRAKV  Pt'i^iitK  iiRAUCS  of  an  objectionable  character, 
but  not  so  bad  as  to  prevent  the  handling  of  through-trains 
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TliU  aivpua  iitai.1,  llic  tlilppini:  veicht  <i  iron,  including  u  >ll- 
itcu  flonr,  vicfpt  tin  ani)  ipidRl-tilli.  The  natim'e'UCT  Iiilil^n  hid 
f<w  quii*  hchi  piTEiiist,  J.1  ihoim  In  Fie.  »*8-  The  illchi  iffm  of 
rolling  load  la  inctnue  wcigbl  It  peihapt  mor*  •tiikini;ly  ihown  is 
Tftlile  Bu.  Th(  lurniul*  iin  tihidi  it  »U  <an*Inict«<l  ue  glvco  Mar 
ib«  «□<]  of  ihe  lut  chajjicr. 
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1036.  The  fourtii  least  objccitonable  economy,  bui  one  which, 
like  the  precciling.  from  its  coining  umung  the  fint  in  order  of 
time,  is  apt  to  be  one  of  the  last  practised,  is  the  iidoption  as  a 
standar:].  for  the  entire  line,  of  a  systematic  economy  (in  money, 
but  not  in  lime  or  care)  in  respect  to  the  minor  details  of  align- 
inenL  The  pmt  and  iona  of  this  question  have  been  discussed 
so  fully  in  the  preceding  chapter  that  we  need  not  further  en 
liirgc  upon  it, 

In  these  four  ways  (with  which  perhaps  the  use  or  Tium." 
STRUCTL'RXS.  such  as  are  shown  in  Fig.  349,  might  mukc  a  fi(tN) 
a  very  large  economy  may  be  practised  which  will  iilmost  at>surc 
that  any  project  with  any  merit  whatever  will  be  so  little  bti 
dened  by  its  capital  account  that  it  will  be  able  to  live  on  what  it 
can  get  to  live  on,  even  if,  as  it  usually  is,  it  Is  far  below  its  ex 
peclations. 

1037.  Beginning  now  at  the  other  end  of  the  question,  the 
most  objectionable  of  all  ways  of  economizing  is  much  the  com- 
monest of  all,  for  reasons  already  sufliciently  discussed  in  Oiapi 
III.,  omitting  to  go  ixtov  as  well  as  to,  the  terminal  cities,  and 
other  imporiani  traffic  points  on  the  line.  This  error  very  largely 
arises  from  the  fact  that  it  is  an  expenditure  which  comes  late  ia 
the  liisiory  of  construction,  or  can  be  made  to  do  so. 

Probably  the  next  most  serious  injury  which  can  happen  to  a 
line  is  negle<:i  to  secure  best  pnss'ible  Rt^'UNO  ckades,  but  thti 
more  often  hnppens  from  a  lack  of  care  and  skill  than  from  a  de- 
sire  to  economize,  since  the  expenditure  ts  incurred  early  in  ifai 
history  of  construction  and  the  importance  of  favorable  grades  i' 
moregcncrallyundersiood  than  the  best  manner  of  securing  them. 

1038.  Barring  this  error,  the  next  worst  form  of  economy 
which  can  afflict  a  line  Is  what  is  more  emphatically  than  ele- 
gantly called  a  "cheap  and  nasty"  style  of  construction:   Lionr 

RAILS,  POOR    TIES,    THIN     l)ALLA!iT,    NAKkOW    KOAI>*BeDS,    rOOK    HA- 

SONRV,  and  light  kridces.  These  defects  really  sa%'e  but  little 
money,  while  the  expense  and  the  bad  name  which  has  resulted 
from  them  have  sapped  llie  life  of  many  a  line.  It  is  far  better 
to  economize  closely  in  all  the  detjiils  of  location  but  tlie  grades 


» 
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and  sofuctitnes  even  in  liie  girailcH  tlicmsclves,  ihaii  to  do  th<k. 
The  difference  between  a  ilioruughly  adequate  and  solid  ru<iii- 
Qcd,  and  us  inferior  a  one  as  it  will  seem  (lustiblc  to  tolerate,  will 


^^  fh   m  9  rp   rK  <K  ^  r.  ^^^ 


V  9'  -f#y-l-j^'4fr'*'K*>T-V  '-4«-'j<*|rf^"-K-".wf»~ 


E*^^^i*^E; 


Fid.  •tt.-BaCii'K  LAAmnmo  m  CaKrunno  i»  Waium  n)«  Fic.  x^. 

rarely  be  more  than  (looo  to  $3000  per  mile;  and  on  work  at  all 
heavy  it  is  not  difficult  to  save  that  sum  by  cconomizin);  in  loca- 
tion. usinfT  temporary  but  solid  wooden  structures,  and  llie  oilier 
ex[>ed!ents  noted  above.     These  latter  economics  wift  not  add 


k. 


*  Tbis  engine  U  nui  propedy  a  mogul,  but  a  ten-whc«l  engine. 
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materially  to  expenses  during  the  first  ten  or  fifteen  years  on 
operation,  whereas' a  poor  and  flimsy  superstructure  entails  a 
iarge  and  constant  addition  to  maintenance  expenses. 

1039.  The  loss  which  results  from  light  bridges  is  propor- 
tionately quite  a^  great  as  from  light  rails,  as  is  made  evi- 
dent enough,  witliout  further  discussion,  from  Figs.  247-8  and 
Table  aoo.  The  proportionate  loss  from  poor  masonry  is  even 
greater,  it  is  far  better  to  put  up  temporary  wooden  structures 
altogether,  than  to  put  up  such  flimsy  masonry  as  is  often  built. 
That  so  very  large  a  part  of  the  masonry  put  up  on  new  Ameri- 


Table  200, 

COMPAKATIVE    WEIGHT    AND    CoST    OC    BhIDOES,    TAKINC     BRIDGES    OP    "T' 

(Typical  Consolidation)  Type,  Fig.  249.  am  Unit. 


Cl-Av;  OF  Load. 

HiKOR  Spans  or— 

(Fig.  "19-) 

«ft. 

JO  [I. 

Ion. 

104  fl. 

150  (U 

Biwrt. 

T 

100 

98 -74 
W  73 

lOD 

9*as 
56. 4J 

100 

lOO 

9*33 
93.16 

1D0 
W-98 
90- 7S 

lOD 

94.1X1 

as.  61 

.  {Uniform  »t  7S.oa>. 


Laigir  S^ahi, 


lOlSj  f  1. 

JJO  Fmt. 

490P1RT. 

St  6  FlHT. 

IroD. 

Sieel. 

Iron. 

Sinl. 

Iron. 

Steel. 

T. 

C  

IDD 

93-3* 

100 
91. ti 

TOO 

»9SS 

IDO 

88, 7J 

TOO 

«9-H 

loa 

BS.9I 

100 

89. J5 

The  abov«  shows  at  a  glance  that  the  cITkI  of  rolling  load  on  weight  of  bridges  u 
imalJ,  and  the  foUowini?  wilJ  perhaps  more  fully  show  how  petty  \%  the  economy  . 


Por  CDfnDC*  weij^hinff  (Lona^...,......... 

Or  ia  tne  proportion  of 

And  for  a  load  behind  engine,  per  foot  of  (lbs.) 
Or  in  ibe  proportion  of - , , 


"  Typical  " 
Coni^n. 


A6.D 
lOD. 

3.000 

100 


Conaolida- 
tjon. 


£0.07 

9,940 

SS.4 


Mogul. 


80.1 

l.SSD 

JJ.o 
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Pel  Ce«. 


PttOM. 


Glvinsa  Inn  WTMOI  in  rolNnitautoTcr  l>«*lKHigan 


nog  a  Inn  pnctoi 
lypc  ot  bmtt  ol 


Tb«  nrlnc  per  ctnl  In  »iieU  (oei  ml)  «(  bridCB  It 
oniy  ■  for  «p4nit>l . . ..   - .^-,. 


On, 

ia«  ■■ 

lis  ■• 


It 
ti.» 


Beyunil  tlMW  tprnm  the  canpuallvi  rfitlrrrncr  Imunwh  ptaut,  W>  thai  m  lui*  (« 
lhi>  ilifltirvnM  bHtnwn  a  tnllinB  load  Oft  tlie  "  tyjiicnl  "  Md  ordinary  CovuoUcbtkim  lype 
<iweIocUDg  Ibe  HopU  lypei  the  Mlowins : 


Par  tpaai  of. 


w 


troa. 

Sled. 

wiHri. 

6M 

)»    " 

l.tt 

>i>.«* 

•" 

■o.tj 

•a.45 

,.«    - 

ti.n 

».« 

Thua  «««n  (he  laifMi  ipani  do  not  Inrrcan  in  wpiKht  aa  tel  »  \hi*j  ln<mat  li 
aqMcll)!.  and  on  Uie  ihoiKr  ud  miin  oomnion  ipua  an  Inmose  ol  oolf  jtaftptrcMI 
In  «elKht  eivB  li  tu  a?  pn  teiil  incrsuv  in  tiirryiun  catarnj. 


can  lines  should  give  oiii  within  a  few  years,  as  it  does,  either 
because  the  fotimtallons  were  inadequate  or  were  not  properly 
protected  ng»iiist  wash,  or  the  stone  poor,  or  hiid  <lry,  or  the 
spariK  inade<(tialc,  reflects  little  credit  on  engineers. 

1040.  A  still  less  rcHSoniible  und  creditable  mode  of  economy 
is  cuTTiNc;  DOWN  TiiK  ROAD-«Et>,  cspccially  in  cuts.  The  savtof; 
is  but  triflinjc,  and  the  effect  on  maintenance  expenses  rery  un- 
favorable, since  it  forbids  proper  ditching,  impedes  access  of  the 
sun  to  the  road-bed,  and  makes  diRliull  to  apply  a  proper  coat  of 
ballast  and  leave  any  diich  al  nil.  The  uiirrowest  road-bed  in 
earth  should  be  so  ft.,  especially  in  light  work,  or  on  light  grades 
having  many  long  low  cuts  on  them,  which  latter  are  ver>'difticult 
to  drain.  In  Alls,  r  i5-ft.  or  i6  fi.  road-bed  is  none  too  u'tdc,  and 
will  rarely  be  loimd  to  be  much  wider  than  is  necessary  to  hold 
the  ballast  when  the  track  is  laid. 

1041.  Culling  down  the  coat  of  rallast  is  likewise  one  of  the 
most  cosily  economies  in  whicli  a  lOiid  can  engage.  Sometimes 
it  is  necessary,  because  ballast  is  not  readily  available,  and  to 
some  extent  good  ditckiku  may  be  substituted  lor  it,  but  econ- 
omy requires  that  both  ditching  and  ballast  should  be  good. 
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It  wus  ;t  s;iying  o(  (he  late  Charles  Collins,  the  lamented  chief- 
engineer  of  the  Lake  Shore  &  Michigan  Southern  Railway,  that 
"two  (cet  of  ditch  is  worth  one  foot  of  ballast,"  and  this  has  n 
foiindatiun  of  truth  at  least,  as  was  shown  by  the  resulis  of  free 
ditching  on  the  Lake  Shore  road.  It  may  plausihty  he  claimed 
ihitt  when  a  road  b  neither  well  ditched  nor  well  ballasted  a  lim- 
ited amount  of  money  will  accomplish  more  good  if  spent  for 
ditching  ttiun  for  bullatting,  and  there  is  a  certain  absurdity  in 
putting  on  a  thick  coat  of  clean  ballast  in  a  cut  where  the  ditcli* 
ing  is  so  imperfect  that  there  can  hardly  be  said  to  be  any.  Nev- 
ertheless, more  and  better  ballast  is  a  ciying  need  on  many  lines  of 
considerable  traffic,  if  not  on  most  lines  not  uf  the  lirst  rank,  and 

»]f  it  were  more  generally  rciiliiced  how  cheaply  bullasl  can  be  sup- 
plied by  impruved  modern  appliances,  and  how  grcjitly  it  would 
decrease  wenr  and  le.ir  and  m.'iinte ounce  expenses,  both  of  track 
and  of  roi ling-slock,  as  wi-ll  as  soineliines  increase  by  a  car  or 
twu  the  length  of  trains,  there  would  not  be  so  many  roadi  us 
there  arc  pr;iclising  an  cxpeniive  economy  in  lhi»  item. 

I042>  One  rcuon  why  bkllasltriK  i*  often  no  cuslty.  even  nilli  all  the  ad> 
vnauge*  ol  »tcain-Kbov«I»  and  unlouding  ploughs,  is  an  obuse  (or  what  is  oficn 
such)  ia  niE  llAKtii.iNG  or  iiallait  thaim  nhich  may  well  be  noted.  Fair 
MVFTace  prim  for  twltulin);  with  steam •cicavsion  and  Kriivel  trains  may  be 
ukcn  to  be  a*  [ollows  : 

•  Ail  mpenses eonneci«tl  with  IcMdinc jets,  per  cu.  yd. 
Loading  and  delivering  on  road-brd.  lomilc  baul 10 
JO    ■'       ■■    IS    ••      " 

••  "  ■'  "  ■•  30    •■       ■■ so 

Kol  un(r«|ucntl]r.  howerer.  the  cost  will  rite  to  two  or  titrce  limes  their  Acurca. 
bceaoM  of  inlrmiplion  of  trains. 

This  result*  becsuae  ih«  batlait  train,  in  dtiregard  »f  all  eootlderaiion*  of 
MOoonty,  and  nithoul  ihe  exciue  of  any  real  ncccuiiy,  is  all  but  uoivcrmilly 
treated  at  a  kimi  of  outca*!  or  (larlab  amonc  (rain*.  Tlie  extern  ol  It*  privi- 
leges is  embodied  in  the  stereotyped  formula  that  it  "  has  iwrmission  lo  work 
between  A  and  B.  keeping  out  of  the  way  of  all  regular  trains."  What  that 
mean*,  on  a  tnsui  Aomn  any  coodderaMe  busmest,  with  all  the  ncceuory  delays 
lor  clearing  the  crack  "  ten  mtnules  ahead  of  hI]  rcKular  trains'  time."  and  for 
waitlnf  for  them  to  arrive  when  late,  is  an  enormous  proportion  of  lost  time  pti 
day,  doublinf;  and  trcblintc  the  nceeuarF  coK  of  delivering  ballast  on  ibe  trads- 
,  not  oo^  in  many  but  in  noit  cuct. 
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Newrthchsa.  Uilt  litniiatlon  of  prtvlleicc*  I*  nawral  cnouKh  and  Hell  enough 
ks  a  fliRUCT  di  pcrmiuiDnt  rule.  A  ballut  Irain  cannol  be  aoytking  «lie  dun  >n 
frrcipilar  itnin.  and  cannot  uMf  be  S'vcn  onjr  rigbis  whaiever.  excc(ii  by  •(>•. 
dal  order  :  bat  tbercln  lle»  the  dllEculty.  Truii*  are,  ai  a  maiirt  »!  (act. 
olmon  all  c«n  by  ipccUl  order,  Hiiit  ithen  ffiving  iiicb  unl«.  ii  mis  entirely 
with  the  discrriion  of  tbe  dlspaither.  niihin  ntdc  limits,  la  fa'ot  one  trmin  m 
anollier  ai  be  sees  fit.  Tbis  diKTciion,  however,  Ji  rarely  cxetclicil  m  prvvcnt 
delays  o(  ballaii  iraloi*.  trhtch  com  money,  raiher  than  itclay*  of  iTKolar  inuiu. 
whi<b  ilonoit  dIrMtly  eoM  moitey:  but  (be  ballast  train  nets  Iromtbe  dtspslcbcr, 
Impioficrty  oitd  uowbely.  mucb  the  same  kind  of  treaioKai  that  it  itecei— rtly 
and  jirapetly  haa  In  ibe  pclatcd  r^lct  and  timc-tabSet. 

Now  a  r«KUlai  frrijilit  train  U  eamiRt:  perhaps  (l.so  per  nDe  nia  and  con- 
ing %\.  but  il  will  earn  no  leai  and  cost  no  more  (barring  a  nUght  lo*a  oj  tticlj 
tor  being  a  ijuanet  or  half  an  hour  more  or  ten  upon  lu  trip*.  On  tb>  <ith«T 
hand.  (h«  total  e«pen(e»  fi>r  ntnning  a  sieani -excavator  with  perhaps  three  or 
four  engines  at  work  to  handle  the  cars,  aie  trocn  $100  to  %\%'a  per  day.  A 
(telay  lo  any  one  of  ibete  trains  is  lo  a  coBslderablc  extent  a  delay  to  all  and  lo 
the  excav.ttor  n*  well,  and  a  delay  of  three  bouis  i>er  da;  lo  tbc«e  mum  (which 
is  sboui  a  minimum)  mean*  the  toss  of  (isoo  to  (isuo  per  moritb. 

Under  these  clrcomMaiices  what  onght  to  be  done,  ii  true  ocoitomy  ts  lo  be 
coatide-red.  b  to  prepan  something  Ulic  a  repilar  Khc^ale  lor  Ibe  moTemetii 
of  Ihcae  Irnina.  from  day  lo  day  and  tiam  week  to  week,  for  tbe  u*c  ol  the  4i>- 
pauber :  to  provide  a»  gtiod  (acilitic*  u  posiible  for  comrounlcaliag  orders  to 
ihem.  and  to  require  that,  whenerer  and  wbenercr  it  it  possible  witbotu  too 
great  delay,  the  graTel  iraini  shall  be  favored  at  Ibe  expense  of  tbeocdimary 
freight  Iraiei. 

1043.  Supposing  the  delays  to  gravel  trains  to  have  been  re- 
duced to  a  mintmura,  there  are  few  expenditures  so  directly 
prolitable  as  lo  prociii^  a  steam -ex  cava  lor  and  'ballast  plows, 
and  keep  two  or  three  trains  at  work  for  a  good  pan  ol  se^xral 
seasons  increasing  the  depth  of  ballast.  Hall  a  cubic  yard  per 
cross-tic  wilt  raise  the  track  some  S  in.,  and  where  tbe  road-bed 
is  wet  and  the  haul  not  too  great,  this  would  not  be  so  vcr^  bad 
an  investment,  simply  as  a  preservative  of  cross-lies. 

An  additional  economy  for  this  kind  of  work  on  many  lines, 
and  one  deserving  of  more  frequent  use.  is  the  haulitig  ■  sitl^ 
dump  cars  loaded  with  ballast  on  regular  trains,  especially  way 
freight,  whenever,  as  is  frequently  the  case,  eight  or  ten  addi* 
tional  cars  can  be  hauled  over  a  portion  of  the  divisiun  as  well 
as  not,  owing  tu  more  favorable  gradients.     Many  types  of  can 
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irpose 


I 


suiiubte  for  thi 
man. 

1044.  One  o(  the  very  worst  places  to  economize  in,  but  for- 
Itintitirly  not  a  common  one,  is  in  the  cro^-ties.  The  number 
of  these  csnnot  be  too  great  for  economy,  until  they  become  so 
close  as  to  impede  tamping,  whicli  is  when  about  40  per  cent  of 
the  length  uf  the  mil  rests  upon  ties.  Up  to  this  point  even  the 
weight  of  rail  muy  be  jtidiciou^ly  sacrificed,  if  necessary,  to  in- 
crease the  tic  support,  as  may  be  speedily  shown. 

Trsck  is  constructed  and  made  passable  by  the  use  of  three 
agencies:  (t)  rails,  (1)  cross-ties,  (3)  tamping  under  the  ties. 
Some  proportion  of 
I  each  of  these  must  be 
used  to  maintain  a  sta- 
ble track,  but  in  pro* 
portion  as  the  stabil- 
ity from  one  of  them 
is  increased,  that  required  from  one  or  both  of  ilic  others  may 
be  decreased.  If  we  have  a  sliffer  rail,  wc  may  use  less  tics  and 
less  track-labor.     If  we  have  more  or  better  lies,  wc  may  use  a 


K.t. 


Hghtef  rail.  If  we  put  more  labor  into  maintenance,  we  may 
dispense  with  some  expenditure  on  either  rails  or  ties,  or  both. 
The  different  modes  of  yielding,  outlined  in  Figs.  350  and  151, 
which  occur  more  or  less  on  all  track,  may  be  assumed  to  arise, 
and  will  arise,  from  deficiencies  in  any  one  of  these  three  re- 
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quiremcnts,  cither  the  rails   or  ties  or  tampini;,  and   roajr  be 

cured,  in  pan  or  whole,  by  spending  more  money  on  either  odc 

o(  them.     Assuming  as  a  standard  oT  comparison  a  6xS  in.  tie  R 

(I.  long,  spaced  i  ft.  apart,  or  2640  per  mile,  the  following  com 

binations  of  spacing  and  width  will  afford  an  equal  bearing-sur- 

faice  of  ties  on  the  road-bed  and  of  rails,  but  will  be  seen  to 

afford  a  very  unequal  support  to  the  rail : 

Ticapcr  mile 2,640  5.000 

Distance  span,  cenm  to  centre 14  in-  li.ii  in. 

AvriHgr  iDKlih  of  fsoe Sin.  7.Ck|  in. 

Oar  rvpacc.  lit-  to  tie 16  in.  14.09  in. 

Comparative  itillneM  of  same  rail  for 

each  span t.oo  1.47  1.73        3.37 

Comparative  weight  of  rail  to  give  same 

stillness t^ooo  oZi%        o.76t      o.6jo 


3.168  3.S» 

zo       in.  iS  In. 

6,67  in.  6  in. 

13.53  in.  lain. 


I 


The  method  of  determining  the  comparative  stiffness  and 
eompnrative  weight  of  rail  in  the  last  two  lines  is  the  xaroe  a& 
used  in  par.  992  (or  rails,  and  need  not  be  repeated.  Whethe 
we  compiile  ihc  comparative  stiffness  of  the  rails  for  spans  from 
centre  to  centre  of  lies,  or  for  one  clear  span  between  ties,  or  for 
spans  omitting  one  tic,  as  in  Fig.  150,  the  result  is  the  same,  al 
though  the  absolute  stillness  will  of  course  vary  greatly. 

t04&.  Taking  the  extremes  of  the  table  above,  we  see  that  llie 
addition  of  S80  ties,  or  one  third  increase,  gives  so  much  addi 
tional  support  to  the  rail  that  (assuming  the  support  to  each  lie 
to  be  the  samr)  a  rail  only  two  thirds  as  heavy  will  distribute 
the  load  as  well  from  tie  to  tie.  Not  forgetting  that  stifiness  I 
only  one  of  the  three  qualities  In  a  rail  which  arc  gained  by  in 
creating  its  weight,  this  great  difference  stili  indicates  ihat  in- 
creasing the  number  of  tics  to  the  extent  of  practical  possibility 
(their  dimensions  remaining  the  same)  adds  much  more  to  the 
sggrcgaie  stiffness  of  the  track  than  the  same  amount  spent  on 
rails:  as  thus: 

The  cost  of  £So  more  cross-ties  per  mile,  more  than  doubling 
the  stiHness  of  the  same  rail,  amounts — 

At  :;  cents,  10  ^:o  =    7.>4  tons  rails  at  t)o  =  4-$  lbs.  per  jraid. 

•■  30    ■■      -    164=  8.80 =s.s 

■■  40     '■        "    3Sa='i-73    "       "        "      =7-3    "      -      " 
"  50     ■•        "    440=14.67    "       '■        -      =9.1    -      "      " 
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Coni[>aring  (his  with  the  figures  in  Table  196,  giving  the 
compar;itivc  stiffness  of  liglit  aval  lieavy  ruits,  we  liuve  the  fol- 

I  lowing  comparison  for  various  light  rail»— for  whicti  rails  only 
the  compaiiiMn  i$  at  all  close: 
Orlsinal  wviKlitot  rui) 30  lbs.       35  lbs.        $olbs. 
SUAncss  in  do.  taken  as IjOO  l.oo  \ao 

Adding  4.5  lbs.  per  y«rd  (=  cost  ol  8S0  ties 
at  >5  cents  each,  as  above)  makes  siIS- 
n«n 1.51  1.3;  1.19 

Addicig  91  lbs.  per  yftnl  (s  cost  of  SSo  ties 

ai  50  ccflts  cnch)  make*  stillness    .    .     .     3.11  I. $7  t.40 

IWbctcaa  the  same  »uin  spent  on  ties  ln> 
crtases  the  stillness. as  aoovc.  to ....  1.37 

1046.  While  the  addition  of  so  large  a  number  of  tics,  without 
decrcasin;;  their  widlli,  can  rarely  be  practicable,  and  while  the 
comparison  is  not  sirictty  exact  for  other  reasons,  this  does  incli* 
cate  clearly  the  general  fact,  that  increasing  the  number  of  lies 
to  the  limit  of  convenience  is  a  cheaper  way  of  increasing  sla- 
bility  than  increasing  the  rail-section,  even  for  very  light  rails. 
On  the  ottier  hand,  the  total  stability  which  is  obtainable  from 
ties  is  limited  by  the  number  which  il  is  possible  to  use.  so  that 
what  these  figures  in  fact  indicate  is  that,  in  endeavoring  to  get 
the  utmost  stability  at  the  least  cost,  the  first  esscniial  is  to  use 
lies  as  freely  as  is  possible,  and  the  next  essential  is  to  decide 
between  a  heavier  rail  and  more  tamping  to  supply  the  deliciL 

»1047.  The  physical  limit  to  ihe  increase  in  number  of  ties,  of 
ordinary  standard  width,  is  probably  iSoo  per  mile;  but  if,  as  tn 
the  first  table  above,  we  consider  ilie  width  of  the  tics  to  be  di- 
minished as  their  number  is  increased,  this  limit  is  considerably 
higher.  There  are  quite  a  number  of  roads  in  the  United  Slates 
which  use  3100  to  3300  narrow  lies  per  mile  with  very  satisfac- 

»iory  results.  Remembering  that  the  stiffness  of  a  rail  dccrca&cs 
fts  the  cube  of  the  span,  it  is  obvious  that  by  dividing  up  the 
bearing-surface  among  a  greater  number  of  tics,  so  that  the  ag- 
gregate area  remains  the  same,  we  measurably  obtain  two  desir- 
able ends  at  oncc^we  give  much  more  eReciual  support  to  a 
wealc  rail,  and'we  in  general  reduce,  instead  of  increasing,  the 
[total  cost  of  tics,  since  the  cost  of  ties  will  usually  increase  faster 
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Elian  the  required  minimum  face.  As,  therefore,  the  necessary 
space  between  ties  varies  approximately  with  the  width  of  face, 
and  is  itbout  twice  tlie  face  (so  that  full-width  ties  cannot  be 
used  with  very  narrow  spacing),  the  utmost  economy  would  seem 
to  require  that  narrow  lies  spaced  cto&e  together  should  be  given 
a  decided  preference  at  the  same  coat  for  tics  per  mile  when  i 
light  rail  is  to  be  supported,  and  there  arc  few  rails  indeed  in 
this  country  which  cannot  be  said  to  he  light  in  proportion  lo 
the  duty  imposed  on  them.  It  could  not  rationally  be  expected, 
indeed,  that  6-in.  ties  spaced  |8  in,  span,  instead  of  8-in,  tics 
spaced  24  in.  apart,  would  increase  the  stiffness  of  a  light  rail 
from  i.oo  to  3.37,  as  ihc  figures  above  indicate:  T^t  wc  may 
justly  conclude  that  it  will  be  increased  very  greatly,  with  a  pos- 
sible decrease  in  the  total  cost  of  ties  as  well,  where  the  supply 
of  large  timber  is  small.  In  not  a  few  localities  ties  of  5-  or6-in. 
face  can  be  had  for  but  little  more  than  half  the  cost  of  ties  with 
8-ia.  face. 

1049.  A  great  error  is  often  commiitcd  in  malting  ties  too 
thin.  A  cross-tie  is  an  inverted  cantilever.  In  Fig.  251  we  have 
a  lie  yielding,  as  they  all  do.  more  or  less  under  a  load;  and  by 
inverting  Fig.  351  it  will  be  seen  that  we  may  consider  the  lie 
as  a  cantilever  beam,  supported  upon  two  piers  (the  rails)  and 
loaded  with  a  more  or  less  uniformly  distributed  load.  If  the 
tie  were  perfectly  stiff,  it  would  be  an  evenly  distributed  load, 
and  the  pressure  of  the  tic  upon  ihc  soil  would  be  uniform  for 
«very  square  inch  of  its  bearing-surface.  If  the  tic  be  very  thin, 
the  conditions  of  the  exaggerated  sketch  will  literally  obiaia 
The  middle  and  ends  of  the  tie  will  ilien  be  able  to  transmit  but 
little  pressure  to  the  ballast,  and  (since  the  total  pressure  trans- 
niitied  must  in  any  case  be  the  same)  an  excessive  and  destruc- 
tive pressure  will  be  thrown  upon  the  road-bed  directly  under 
the  rails,  causing  rapid  deterioration  therein.  This  may  be 
ehown  by  the  load-diagram  below  Fig,  351.  Let  us  suppose 
that  a  tie  be  so  thin,  or  the  nature  of  the  support  so  unyielding, 
that  the  load  per  square  inch  directly  under  the  rail  is  Ikrtt  times 
as  great  as  at  the  ends  and  in  the  middle,  as  shown  by  the  full 
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line  in  the  diagram  bciow  Fig.  151— ;i  very  corrfmon  difference, 
if  nol,  Indeed,  one  ulmosi  universally  exceeded  in  occasional  in- 
stances, even  on  a  very  good  track.  An  increase  of  siiSness 
which  would  double  ilic  load  on  these  lightly  loaded  extremities 
would  prodoce.  as  will  be  seen  from  the  diagram,  an  absolutely 
uniform  distribution  of  pressure,  and  although  this  can  never  be 
ly  realized,  yet  it  is  plain  that  it  may  be  approached, 
t049i  Now  the  stiffness  of  uny  beum,  iiowcver  supported  or 
loaded,  is  in  proportion  to  the  cuhf.  of  its  dupih  (or  thickness  of 
(ie)  And  of  its  lengihi  between  supports  (or  the  gauge).  Any 
attempt  to  compute  from  these  facts  the  absolute  requirements, 
or  distribution  of  load,  with  a  g:iven  tic  or  gauge,  would  be  pre- 
posterous. There  is  no  absolute  requirement,  since,  however 
well  maintained  the  track,  occasional  tics  are  badly  or  unequally 
supported;  and  since  the  load  is  far  mure  than  sufficient  to  break 
any  tic  in  two  at  the  middle  if  only  supported  at  that  point  (a 
dead  load  of  i4.«oo  lbs.  per  wheel  would  probably  break  such 
ties  the  first  time  it  was  imposed),  it  is  for  these  maximum  de- 
mands, and  not  the  average,  that  we  must  provide,  Therefore, 
speaking  comparatively  only,  and  taking  a  tie  6  in.  thick  as  the 
basis  of  comparison,  we  have  the  following: 


TtaMkBcw. 

Coaatniltc 
SiIKdu*. 

!':• 

agS 

lAO 

I  " 

I-S9 

8  " 

«-J7 

Thlifenen  of  NuTa<r>  (j  ft.)  lautc  Tk  of — 


Equal  &ilfln«i» 
3.18  in. 

3.82  •■ 

4-4*  ■' 
5.10  " 

Equal  Smncilt, 

4-30  in. 
S.16    " 

6jM     " 

6.88   •* 

From  this  it  is  clear  that  although  the  nominal  bearing-sur- 
face o[  a  tie  is  not  increased  by  increasing  its  thickness,  yet  tliat 
the  egKHv€  bearing- surface  is  likely  to  be  very  materially  in- 
creased by  a  vi^ry  moderate  increase  of  thickness.  By  increasing 
the  thickness  from  5  to  6  in.,  we  nearly  double  the  stiffness ;  by 
increasing  it  from  6  to  ;  in.,  we  increase  the  stiffness  59  per 
cent,  giving  the  effect  outlined  below  Fig.  151,  in  which  the  full 
line  shows  the  assumed  distribution  of  pressure  with  a  tie  (1  in. 
thick,  and  the  dotted  line  the  effect  on  the  latter  of  thickening 
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the  :te  I  in.  liconomizin^  in  the  ihtckncss  of  ties,  therefore, 
would  seem  lo  be  one  of  ihc  pooiest  ways  of  saviogf  mone)*. 

1090.  This  is  more  fully  seen  by  comparing  llie  effect  of  diSer- 
cnce  of  length.  It  cannot  be  ultempted  to  consider  the  matter 
in  detail,  but  u  lie  which  is  under  fair  conditions  to  permanently 
fulfil  its  oRice  of  dislribuiing  the  load  may  be  considered  li> 
curve  into  tlie  three  circular  arcs  shown  in  Fig.  151,  from  which 
it  will  be  apparent  lliai,  under  whaiever  assumptions  as  to  the 
curve  of  flexure,  there  is  a  clear  limit  to  the  useful  increase  of 
length  in  lies  at  a  point  considerably  within  a  length  of  twice 
the  gawge./y"'.  If  the  tie  be  made  longer,  as,  for  instance,  ex- 
tended to//',  or.  still  worse,  tog g',  cither  the  extra  length  will 
earn,'  tittle  or  no  load  (which  is  most  likely),  or,  if  the  support 
nearer  the  rail  has  given  way  so  as  to  throw  load  upon  it,  it  will 
be  very  liable  to  break  the  tic. 

If  the  tic  he  made  shorter,  the  load  thrown  on  the  middle  of 
the  tie  will  be  disproportionately  increased  until,  if  we  conceive 
the  lie  cut  off  close  10  the  outside  edge  of  the  rail,  the  load  per 
square  inch  will,  in  the  first  place,  be  very  greatly  increased, 
jind,  in  the  second  place,  the  strength  of  that  portion  of  the  tie 
between  the  rails,  considered  as  a  beam,  is  diminished  by  about 
one  half  and  itssiiffness  about  seven  eighths;  because  the  effective 
span  of  the  beam  has,  by  cutting  off  the  projecting  ends,  been 
almost  doubled,  i.e.,  increased  from  dM,  Fig.  251,  to  e^. 

10B1>  For  the  most  efficient  service  from  ties,  therefore,  we 
have  a  certain  quite  narrow  limit  of  length,  the  minimum  being 
about  ^i  ft.,  and  the  maximum  about  t!^  to  9  ft,  for  the  ordinary 
gauge  of  4.71  ft.  It  is  clear  from  the  above  that  any  incrca&e  of 
length  above  8  ft.  gives  a  far  less  effectual  way  of  disposing  a 
given  quantity  of  wood  (to  obtain  an  approximately  uniform 
pressure  on  the  ballast,  and  so  keep  down  the  maximum),  than 
tu  increase  the  thickness,  provided  the  nature  of  the  timber  per- 
mits it.  The  apparent  gain  of  bearing-surface  by  increasing  the 
length  of  ties  from  8  ft.  to  9  ft.,  and  the  apparent  absence  of  gain 
in  beiiring-surfacc  by  increasing  the  thickness  from  6  in.  to  7  in., 
will  be  seen  to  be  precisely  the  reverse  of  the  true  condiitoni. 
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and  we  may  well  believe  ili;it  tliis  deceptive  contrast  has  been 
ttic  chief  cuuKe  (or  such  awkward  combinations  as  an  ^\-  or  9<li, 
Blie  with  only  6  in.  thickness,  which  prevails  with  6.1  per  cent  of 
ihe  ties  in  the  United  States. 

Neglecting  the  widths,  as  an  indeterminate  element  not  defi- 
nitely fixed,  the  percentages  for  the  entire  United  States  of  the 
various  lengths  and  thicknesses  of  lies  in  use  is  as  follows : 


lengths,     . 
Percentages, 

Thickness, 
Percentages, 


Sit. 

6  in. 

54-4 


8  ft.  6  in. 
37.6 

6^  in. 
3.8 


9  ft. 

8-9 

7  in. 

4>-4 


10  fL 

6  + 

8  in. 

0.4 


Total. 
100.0 

100.0 


While  these  variations  arc  in  part,  and  perhaps  chielly,  gov- 
erned by  the  conditions  of  the  timber  supply,  Ihey  uriKe  in  part 
Kftt  least,  we  may  safely  assume,  from  mistaken  views  as  to  what 
'is.  abstractly  considered,  the  best  proportion  for  a  tie.    The  best 
dimensions  for  a  tic  arc  about  7  in.  thick.  8  ft.  (3  in.  long,  and 

17  to  9  in.  face. 
10ft3>  There  is  another  side  to  ihe  question  of  masonry  struc- 
tures which  may  be  briefly  noted,     Wliile  a  structure,  it  built  at 
alt,  should  be  well  and  solidly  built,  it  docs  not  follow  that  be- 

» cause  a  certain  proportion  of  the  structures  of  a  line  eventually 
wash  out  that  they  were  therefore  ill-designed.  "The  natural 
end  of  a  tutor,"  says  the  Autocrat  of  the  Break  fas  t-Tnl>!c,  "is  to 
die  of  starvation.  It  is  only  u  question  of  time,  jusi  as  with  the 
■  burning  of  college  libraries."  So  in  n  certain  narrow  and  limited 
sense  we  may  say  that  the  natural  end  of  a  culvert,  and  even  of 
many  bridges,  is  10  perish  in  some  excessive  flood.  The  excep- 
tional storms  which  come  but  once  or  twice  in  a  century  can 
•  hardly  be  fully  provided  for,  for  the  reason  thai  it  is  difficult  to 
build  any  Iarg<-  uumber  of  structures  with  such  an  ample  margin 
»f  salety  as  to  insure  that  many  of  them  will  not  eventually  wash 

tout. 
For  example,  in  \%M  there  came  some  unusual  storms  which 
chanced  to  fall  most  severely  on  some  of  the  Boston  roads,  which 
are  about  the  oldest  roads  in  this  country,  having  been  built 
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from  40  to  50  years,  and  had  rarely  stiRcred  much  from  floodi 
and  washuuls  hci-ctofore.  As  a  consequence  structures  were 
washed  oul  in  considerable  numbers  (on  the  Old  Colony  there 
were  40  washouts),  many  of  which  were  "  supposed  to  be  strong 
enough  to  resist  any  current,"  and  had  succeeded  in  doing  so 
fur  half  II  century. 

1053.  Such  occurrences  will  iind  ought  to  make  engineere 
cautious;  but  we  may  remember,  on  the  other  hand,  that  to  have 
insured  that  these  structures  should  not  have  washed  out,  their 
originiil  tize  and  cost  would  huve  had  to  be  neitrly  if  noi  quite 
doubled,  and  a  simple  computation  in  compound  inieren^t  will 
show  that  hud  iliis  been  done  in  the  tirst  instance  the  udditionul 
investment  would  have  amounted  at  6  per  cent  to  19.50  limes 
ihe  actual  lirst  cost.  It  follows  that  in  18^5  even  a  certainty  of 
saving  ilic  cost  o(  <]iiplicating  ihe  original  structure  in  1886  would 
huve  warranted  barely  5  per  cent  additional  expenditure.  Il  is 
true  that  the  bare  cost  of  renewal  does  not  cover  the  whole  loss, 
for  there  is  a  loss  from  delay  and  danger  of  accident  incurred 
by  tlic  washout  in  uddiiron  thereto ;  but  on  the  other  hand,  to 
guard  against  all  the  contingencies  which  might  arise  in  t886,  it 
would  have  been  necessary  in  1835  to  have  about  doubled  the 
cost  of  nil  the  structures,  since  all  may  be  assumed  to  have  been 
laid  out  with  rcjuitl  care,  and  il  could  not  have  been  foreseen 
which  would  be  most  tried  iherrafier. 

All  of  which  goes  to  show  that  when  structures  have  been 
skilfully  laid  out  to  stand  the  ordinary  conitngencics  of  10  or  30 
years  it  is  al>cut  all  that  is  either  practicable  or  jusiiSable,  and 
that  the  remarkable  storms  which  come  only  once  or  twice  in  a 
century  arc  not  in  fact,  and  hardly  can  be,  successfully  guarded 
against.  This  is  especially  true  because  the  worst  effect*  of  even 
the  greatest  storms  are  localized  tviihin  quite  nairow  limits. 
The  >torms  referred  to  were  not  by  any  means  the  worst  for  50 
years,  except  at  a  f&w  spots.  But  those  structures  which  washed 
out  chanced  to  he  at  those  spots,  while  the  really  greater  storms 
which  have  washed  out  others  in  past  years  did  not  chance  lu 
fall  so  severely  on  the«. 
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1054.  The  same  b,  in  substance,  true  of  lNV^DAT■ONS  of  rail- 
way IIdcs.  Every  year  we  hear  of  miles  of  line  of  importani 
roads  being  under  w;ttec,  and  every  year  it  is,  10  a  considemtilc 
extent,  in  diflereni  localities.  It  is  a  tolerably  safe  prediction 
that  within  reasonable 
and  Justifiable  limits 
of  expenditure  no  rail- 
way can  be  carried 
for  any  long  distance 
lliroiigh  that  place  of 
all  places  for  cconomi- 
1  operation,  a  river 
valley,  without  being 
St  some  time  and  at 
me  point  under  wal- 
The  conclusion 
at  whenever  this  oc- 
rs  it  is  evidence  of 
cninneering  is  not 
ficd.  There  are 
lines  in  all  parts  of 
lie  country  which  are 
verflowed  for  consid* 
Table  distatic*-*  everj- 
'tli«e  or  four  ytars  for 
ft  few  days,  and  find 
it  cheaper  to  suffer 
the  evil  than  tn  cor- 
rect it.  Prominent 
examples  amun^  in- 
numerubli!  oihcrs  are 
Ihe  main  line  of  the  Pcnnsylviinia  Railroad  in  Trenton,  N.  J., 
rariotis  points  on  the  Erie,  Diiladclphia  &  BVie,  and  Baltimore 
Ohio,  and  various  mads  In  (lie  vicinity  of  lliiftalo,  N.  V. 
Without  going  to  Ihe  length  of  saying  that  this  is  ordinarily 
Justifiable,  which  would  be  going  loo  far,  it  Is  an  entirely  safe 
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Statement  that  when  the  works  endangered  by  such  overflow  are 
not  of  a  very  cosily  character,  it  is  far  better  to  risk  the  chances 
of  overflow  and  damage  at  a  few  points  every  eight  or  ten  or 
fifteen  years,  and  often  still  more  frequently,  than  to  sacrifice 
the  advantage  of  easy  gradients  and  light  first  cost  to  avoid  the 
risk,  especially  as  it  is  often  impossible  to  avoid  it  without  aban- 
doning the  valley  altogether.  This  latter  has  been  done  in  not 
a  few  instances,  and  by  no  means  to  the  advantage  of  the  prop- 
erty, although  of  course  there  are  many  valleys  which  are  so 
frequently  subject  to  excessive  floods  as  to  make  them  unfit  for 
any  permanent  railway  line. 

1059.  Very  great  fluctuations  in  rainfall  occur  in  successive 
years,  as  shown  in  Fig.  252,  which  likewise  strongly  indicates 
that  there  are  periods  of  great  or  smalt  rainfall  of  ten  or  fifteen 
years'  duration.  It  by  no  means  follows,  however,  that  the  years 
of  greatest  rainfall  are  the  years  of  greatest  floods,  but  rather 
the  contrvy. 
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CHAPTER  XXIV. 

THE   IMPROVEMENT    OF   OLD    LINES. 

lOSfi.  It  should  follow  from  what  we  have  already  seen  in 
respect  to  the  errors  which  may  be  committed  in  the  laying  out 
of  new  lines,  that  many  existing  lines,  built  in  haste  and  without 
adequate  study  of  conditions  of  greatest  economy,  should  be 
capable  of  material  improvement  at  a  cost  far  within  the  added 
value  to  the  property.  That  this  is  so  is  a  matter  of  common 
observation  and  belief,  and  many  lines  arc  already  acting  upon 
it  to  their  great  advantage.  Undoubtedly  the  number  of  such 
lines  will  continue  to  increase,  influenced  by  the  sharp  spur  of 
necessity  if  nothing  else,  and  it  is  probable  that  this  would  be 
more  generally  done  if  it  were  fully  realized  what  great  improve- 
ments may,  in  cases,  be  effected  at  very  moderate  cost,  and  how 
readily  the  possibilities  in  that  direction  may  be  determined 
without  elaborate  and  costly  surveys. 

The  subject  is  one  which  usually  requires  careful  study,  not 
so  much  for  determining  whether  or  not  improvements  can  ad- 
vantageously be  entered  on,  which  is  often  too  clear  for  doubt, 
as  for  determining  precisely  how  and  whkre  the  most  improve- 
ment can  be  effected  for  the  least  money,  so  as  to  avoid  the 
danger  that,  if  the  improvements  are  entered  on,  the  expenditure 
will  not  be  given  tlie  right  direction,  and  so  accomplish  a  part 
only  of  wliat  might  have  been  accomplished,  or,  on  the  other 
hand,  will  include  much  that  was  not  essential  and  so  not  return 
interest  on  the  capital  invested. 

1057,  In  attempting  to  improve  an  old  line,  as  compared  with 

a  line  which  is  still  on  paper  only,  we  are  at  once  better  and 

worse  off.     On  the  one  hand,  we  have  a  positive  knowledge  of 

its  earnings,  expenses,  and  traffic, and  far  more  definite  premises 

so 
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for  esitmuting  ihe  possibility  and  value  of  any  change  lher«ia. 
Wc  know  or  may  know  precisely  how  much  locomotives  do  and 
caa  do  on  tlic  line,  how  much  they  are  now  assisted  by  momen> 
turn  in  passing  uver  their  heavy  grades,  and  where  iliey  are 
nio»t  taxed.  Above  all,  perlia|>s,  we  huve  lime  to  fully  consider 
and  invcitigaie  all  the  conditions.  Usually,  moreover,  there  are 
certain  members  ol  the  regular  stall  who  can  devote  a  moderate 
amount  of  time  to  investigations  and  minor  surveys  without 
serious  interference  with  their  regular  duties. 

lO&S.  On  the  oilier  hand,  wc  have  the  disadvantage  that  any 
changes  of  line  or  grade,  or  of  positions  of  stations  or  water- 
tanks,  etc.,  etc.,  involve  the  throwing  away  of  a  certain  amount 
of  work  already  done,  instead  of  the  mere  addition  of  a  new  red 
line  to  the  maps  and  a  new  line  of  stakes  on  the  grbund.  For 
this  reason,  a  change  which. might  have  been  in  every  way  ex- 
pedient in  the  heginnidg  may  not  be  expedicni  when  loaded 
with  the  cost  of  two  lines  instead  of  one.  Wc  have,  moreover, 
llie  disadvantage  that  the  value  of  property  and  number  of  build- 
ings are  liubfe  to  have  greatly  increased,  often  to  a  prohibitori 
limit,  especially  near  stations  and  lurge  towns,  where  changes 
arc  most  likely  to  prove  expedient.  Moreover,  in  cases  of  con- 
siderable changes,  involving  the  abandonment  of  certain  sec- 
lions  of  line  or  even  the  moving  of  minor  stations  or  sidings, 
legal  difficulties  may  arise,  with  expenses  of  unknown  magni- 
tude resulting,  perhaps,  from  the  mere  whim  of  a  jnry,  and  re 
quiring  the  maintenance  and  operation  at  heavy  cost  of  worV 
intended  to  be  abandoned.  It  hus  been  siicce).sfully  disputed  in 
some  instances,  at  least  for  a  time,  whether  a  corporation  has 
the  right  in  law  to  abandon  nections  of  unprofitable  lines  to  the 
detriment  of  vested  interests  without  payment  of  heavy  damages 
as  compensation  for  contingent  as  well  as  actual  injury.  On 
the  other  hand,  instances  have  repeatedly  arisen  where  the  right 
of  such  abandonment  has  been  successfully  asserted  and  main 
tained.  Much  depends,  no  doubt,  both  on  the  importance  ol 
the  case  and  the  rigor  of  the  opposition,  but  in  general  it  seems. 
Kusonabte  to  expect  ih.nt  moderate  changes  for  which  necessity 
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or  good  reason  can  b«  shown  will  not  be  Kcompanied  by  a  re- 
(tisal  uf  l«gal  authority  to  make  them,  or  by  more  than  reason- 
able and  iictuul  damuges.  It  conttitgtes  sn  element  to  be  always 
remembered  und  weighed,  but  not  lo  be  exaggerated  without 
weighing  ii,  as  there  is  some  <l<inger  that  it  may  be. 

1099.  The  disadvantage  of  having  to  build  a  line  twice  over  is 
one  which,  vfhilc  undoubted,  is  liable  lo  ulfect  ilie  itnugination 
fui  more  than  its  real  importance  warrunt^.  The  conMant  loss 
horn  operating  a  bud  line,  on  the  uihcr  hand,  being  so  gradual 
and  continuous  that  it  does  not  aRect  ihe  imagination  at  all,  the 
two  causes  may  unite  to  indispose  responsible  othcei's  to  think 
of  entering  upon  a  policy  in  which  ihc  outlay  is  certain  and 
seems  larger  than  it  is,  while  the  gain  is  problematical,  anc.  even 
lis  possibility  docs  not  force  itself  upon  the  utieiiiicm. 

Tu  construct,  say,  lo  per  cent  of  a  long  tine  over  ugatn,  (or 
example,  inevitably  impresses  the  imagination  as  very  much  like 
Ndding  8  or  lo  per  cent  to  the  capital  invested;  and  as  the  ship 
is  nearly  sinking  under  the  load  it  carries,  what  may  happen  to 
■  I  with  Ihut  load  added  ?  The  chances  arc,  however  (Tahle  199 
and  14).  that  it  will  not  really  add  tnore  than  one  to  three  per 
cent.  On  Ihc  other  hand,  what  can  seem  more  impiobabte. 
a  friori.  tn  a  manager  who  is  only  liuuling  15  or  30  cars  per  train, 
lluin  that  50  or  60  cars  ciin  be  drawn  over  ihc  »ume  road  with- 
out, ^m.  dotihling  or  at  least  increasing  one  third  the  cost  of  the 
line  ?  Yet  this  has  been  repeatedly  accomplished,  and  can  be 
again  accomplished  on  many  thousand  miles  of  road,  at  far  less 
cost. 

1060.  The  defects  which  are  most  conspicuous  in  old  lines 
which  it  is  desired  to  improve  arc,  in  generid,  these: 

I.  TiiR  vAsaiNG  iiv  or  larci:  towns  or  other  sources  of  traffic 
which  should  have  been  approached  more  nearly.  This  defect, 
although  a  great  one  in  the  laying  out  of  old  lines,  is  ordinarily 
not  one  for  which  alone  it  is  expedient  to  change  the  main  line, 
but  it  is  often  an  element  in  considering  changes  which  are  de- 
sirable for  other  reasons. 

3.  Excessive  curvature;  u  defect  which  forces  itself  witb 
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quite  snUicicni  f(>rc«.  as  a  x\\\ft.  upon  the  actention  of  all  con- 
cerned, so  thai  ilicrc  is  sonic  danger  ihal  expenditures  may  be 
incurred  in  eCforts  to  remedr  this  cvit  which  might  belter  liave 
been  given  some  other  direction.  Nothing  further  will  be  mtid 
on  this  subject  than  has  been  already  >uid  in  Chapter  VIII.  on 
curvature;  but  it  is  beyond  question  lltat  on  important  trunk 
lines  large  expenditures  may  uften  be  usefully  devoted  to  this, 
as  to  almost  any  other  improvement. 

3,  Improvemen'te  in  uradients.  which  are  generally  at  once 
the  cheapest  and  the  most  important  to  effect,  and  to  which  tliii 
chapter  will  hereafter  be  devoted. 

tO$l,  The  defects  in  gradients,  of  a  remediable  character, 
which  are  most  likely  to  exist  in  old  lines,  are  as  follows; 

I.  STATION'S  ON  HEAVY  CRADF.s,  inchiding  as  heavy  grades 
not  only  those  which  appear  licavy  on  the  profile,  but  those 
which  are  sufficient  to  prevent  starting  a  full  train,  although 
easily  enough  passed  over  by  trains  under  normal  headway. 
The  nnmlier  of  lines  is  great  on  which  several  limiting  stations 
of  this  kind  exist  on  a  single  division,  so  that,  a«  the  trainmen 
put  it,  "  it  is  harder  to  start  the  trains  than  to  pull  them  up  the 
grade."  Very  frequently  these  bad  grades  at  stations  arc  the 
only  obstacles  to  a  considerable  increase  of  train-load. 

:.  GHADK-CKOSSiNCSof  Other  railroads,  which  have  often  been 
added  in  great  number  since  the  original  opening  of  the  line 
and  seriously  moditicd  the  handling  of  trainit.  especially  in  the 
West. 

%.  Needless  undulations  of  grade,  avoidable  by  slight  de- 
tour^ and  nriginally  introduced  only  because  the  irapotlance  of 
low  grades  in  comparison  with  a  short  line  or  cheap  construc- 
tion was  underestimated. 

4.  Failure  to  usk  pushers,  or  assistant  engines:  in  some 
cases  from  mere  oversight,  but  more  generally  because  the  line 
is  ill^uited  for  their  use  without  modifications  elsewhere,  tt  is 
unfortunately  true  that  in  the  original  location  of  most  Ameri- 
can railways  this  possibility  has  been  little  considered;  partly 
because  the  amount  of  future  trafBc  was  not  foreseen;  purlly 
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because  tlic  grades  Memed  too  low  to  muliv  t)m  possibility  worili 
cunsidcrmg  (it  being  only  in  recent  years  lU-ii  the  use  cf  pushei's 
on  low  grades,  to  handle  very  heavy  trains,  has  become  commidi), 
and  partly,  in  some  instances,  from  mere  lack  vt  thought. 

1063,  Ou  very  many  lines  it  bus  happened  thai  tlierc  was 
some  ODC  short  stretch  on  a  division  where  »  50  or  £o  ft,  per  mile 
grade  was  unavoidable.  Grades  nppruaching  this  limit  were  then 
used  on  other  parts  o(  the  line  which  were  easily  avoidable,  and 
can  easily  be  taken  out,  from  an  idea  (correct  enough  if  the  uac 
of  pushers  Is  not  considered)  that  they  weic  of  no  importance  if 
not  exceeding  the  maximum. 

Consequently,  when  the  line  was  opened,  tr^iins  had  to  be 
quite  short.  Stations  were  laid  out  or  have  been  added  from 
time  to  time,  without  reference  to  the  use  of  any  other  than  the 
short  trains  then  handled,  and  new  roads  have  from  time  to  time 
put  in  grade-crossings,  at  which  all  trains  were  compelled  to 
stop,  with  similar  indifference  to  consequences,  provided  the  new 
stop  did  not  require  a  still  shorter  train  than  was  then  handled. 

1063.  Thus  it  may  have  come  about,  in  the  course  of  years, 
that  there  will  be  a  doxen  or  twenty  points  on  the  division  where 
the  demand  upon  the  power  of  the  locomotive  is  almost  a*  great 
as,  and  frrquently  greater  than,  the  resistance  on  the  maximum 
grade,  so  that  no  advantage,  or  very  little  advantage,  would  be 
gained  by  the  use  of  pushers  anywhere,  nnd  the  character  of  the 
line  seems  fixed,  without  entire  reconsiniclion.  Y«t  the  whole 
may  be  often  remedied  by  some  among  the  following  simple 
ways,  at  very  moderate  aggregate  cost: 

I.  The  point  or  points  offering  most  original  difBculties  and 
having,  probably,  the  heaviest  work  and  grades  (say  60  feet)  may 
be  in  some  cases  avoided  altogether  by  a  detour  of  a  few  miles, 
but  in  general  can  more  advantageously  be  operated  as  it  stands 
with  a  pu<ther.  thus  about  doubling  the  possible  train  over  it. 

1064.  3.  The  points  of  next  heaviest  grades — there  may  be  six 
or  eight  of  them,  having  grades  of  30,  40,  and  50  to  60  feet  per 
mile — will  in  some  instances  be  to  short  that  they  are  now.  or 
can  well   be,  operated  as  momentum  grades,  with  or  without 
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some  slight  mocliricalion.  The-  feasibility  of  this  can  he  cleier- 
miocd  simpty  and  ciisily  in  tlic  miiiiiicr  explained  in  i>ar.  40S.  In 
oilicr  (and  frequent)  cases  short  sections  of  new  grnding  will  be 
required,  to  which  ihc  track  complete  can  be  removed,  hi  some 
cases  the  regrading  of  considerable  sections  will  be  necessary, 
enabling  the  line  perhaps  to  strike  some  new  town  by  a  detour, 
but  endangering  legal  complications  for  damages  unless  both 
lines  arc  maintuined.  Very  frequently,  however,  such  double 
construction  may  give  all  the  sdvaiitiige  ot  «  double  track,  Cora 
certain  distance,  since  ihc  objectionable  gradients  may  be  op- 
posed  to  trains  going  one  way  only, 

IMS.  3.  The  disadvantageous  effects  of  grade-crossings  may 
now,  happily,  be  immediately  removed  in  all  cases  by  taking  ad- 
vantage of  the  laws  already  existing  in  some  Stales  (see  next  chap- 
ici),  and  to  be  easily  obtained  by  effort  wlicre  they  do  not  exist, 
permitting  such  crossings  to  be  operated  by  interlocking  signals 
without  requiring  trains  to  stop  at  them  regularly,  li  is  now 
universally  admitted  by  intelligent  and  well-inf>irmed  men,  that 
this  is  a  much  safer  and  cheaper  safeguard  than  llic  slopping  of 
trains.  Exceptional  crossings  no  doubt  exist  where  (as  some 
trains  must  stop  when  another  happens  to  be  |>assing)  this  rem- 
edy would  not  be  a  perfect  one,  and  an  overhead  crossing  prefer- 
able, especially  to  eflect  .it  the  same  time  an  improvement  of 
grade,  but  in  general  dispensing  with  a  slop  by  intrrlocking 
would  be  uU  that  was  practically  necessary.  The  expense  of  do- 
ing so  is  considered  more  fully  in  the  next  chapter. 

1066,  4.  The  unfavorable  gradients  at  stations — very  often  the 
chief  evil  10  be  cured,  although  mine  but  the  trainmen  may  fully 
realize  the  fact— can  be  remedied  by  one  or  the  other  of  numer^ 
ous  ways,  as  follows: 

(a)  By  moving  the  station  or  the  freight  tracks  only  a  Utile 
ahead  or  back,  so  as  10  reach  a  more  favorable  point;  if  neces* 
sary,  at  important  stations,  by  completely  separating  the  freight 
and  passenger  yard  and  station,  and  incurring  some  extra  ex- 
pense for  extra  upcrators.  switchmen,  etc. 

(^)  By  modifying  the  gradients  of  the  station,  or  of  one  or 


U'/IAP.  XXH'.—JMPtiOt'EMEXr  OF  OLD  UXF.S. 


iH'o  tracks  thereat  in  tfic  manner  indicateO  in  Fig.  254,  vii:.,  rais- 
ing the  truck  a,  at  the  lowct  enilof  tlic  yard,  so  as  to  give  a  lower 
gr4<Je  lor  starting  trains,  :it  the  expense  of  a  somewhat  higher 
gmde  (or  stopping  them,  the  latter  having  no  other  disadran- 
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tagcous  effect  than  to  check  the  spent  of  a  passing  train,  acting 
in  place  of  a  brake,  to  some  extent,  if  the  train  is  to  Ktop. 

(i-)  By  stationing  a  switchman  to  open  cenain  switches,  and 
thus  saving  the  necessity  of  a  train  stopping  at  an  unfavorable 
point  to  open  or  sliut  them.  On  large  roads  and  at  large  sta- 
tions this  is  not  a  difhcully,  but  ai  other  points  it  is  one  which 
must  be  fully  borne  in  mind. 

1067.  {J)  By  breaking  through,  if  necessary,  genera)  rules  >» 
to  which  trains  shall  take  the  side  track,  and  even  (in  effect  if  not 
in  form)  which  trains  shall  have  the  right  of  way.  The  latter,  of 
course,  cannot  safety  be  done  in  form,  bm  the  desired  end  can 
t>e  Accomplished  by  taking  care  in  despatching,  to  have  the  lightly 
loaded  trains,  or  those  which  the  grades  favor,  held  for  those 
which  cannot  well  slop  at  certain  stations  or  only  with  difGcuIty. 
A  general  rule  on  this  subject  is  communly  established  end  put 
III  force  over  all  divisions  of  Urge  roads — ai  for  insumce  that  east- 
bound  trains  have  right  of  way  over  west-bound,  which  latter, 
consequently,  are  by  custom  always  obliged  to  take  the  side 
{rack  at  all  stations,  and  by  custom  of  the  dcspatchers  «re  com- 
monly held  so  as  to  favor  the  east-bound  trains.  But  while  such 
a  rule  may  work  well  enough  on  most  divisions,  it  may  work 
very  unfavorably  in  others, 

IMS.  For  example,  on  the  New  York.  Pennsylvania  &  Ohio 
Railroad,  the  general  rule  that  east-bound  trains  had  the  right 
of  way,  which  was  well  enough  for  the  remaimiernf  the  rond.  hnti 
(and  probably  still  has)  the  effect  on  the  Mahoning  Division  to 
compel  the  heaviest-loaded  trains  to  stop  and  take  the  side  tinck, 


^ 


on  a  curve,  when  half  op  a  long  maximura  grade,  to  let  inuits 
a)w;iys  mure  lightly  loaded  pass  down  hill  at  full  speed  past  them. 

Such  cases  are  not  infrequent,  and  come  to  be  looked  upon  as 
matters  of  course;  but  it  is  needless  to  say  tlut  llicy  can,  whso 
occasion  arises  to  make  it  expedient,  be  modified  if  necessary  ( r) 
by  reversing  on  one  division  the  usual  rulca»io  which  trains  have 
right  of  way  :  (3)  by  givin]^,  at  some  given  station  or  stations, 
trains  going  in  one  direction  the  right  to  hold  the  main  track  and 
require  an  opposing  train  to  take  side  track,  regardless  of  which 
has  right  of  way;  (j)  by  favoring  trains  in  dispatchers'  orders,  as 
before  suggested. 

Thus,  in  one  way  or  another,  it  may  generally  be  effecied 
that  trains  pasting  in  om-  direction  pjst  some  one  station  on  a 
division,  at  lca»I,  with  unfiivorable  grades  which  cannot  Other- 
wise be  remedied,  shall  not  be  compelled  to  stop  at  11. 

1069.  (')  At  large  stations,  where  there  is  most  likely  to  bedifll- 
culiy  or  great  expense  in  adopting  any  of  the  preceding  tneth* 
ods,  a  switch-engine  which  it  is  found  necessary  to  keep  at  the 
station,  but  which  is  not  kept  very  busy,  may  be  utilized  to  help 
trains  through  the  yard,  and  perhaps  also  over  some  unfavor- 
able  grade-crossing,  which  is  particularly  likely  10  come  near 
to  such  a  station.  If  the  iraflSc  of  the  line  be  very  heavy  this 
may  not  be  |K)snibIe;  but  in  tliat  citse,  as  a  last  resort,  an  engine 
may  be  stationed  at  the  yard  (or  the  sole  purpose  of  helping 
trains  through  it.  By  modifying  the  position  of  the  tele- 
graph office  it  may  in  genera)  be  arranged  that  the  use  of  such 
an  engine  shall  cause  no  extra  stoppage  of  the  train.  In  fact,  on 
many  lines  of  heavy  traffic,  as  for  instance  the  Hudson  River 
Division  of  the  New  York  Central  Railroad,  pusher  engines  are 
used  to  help  trains  over  short  grades  without  stopping  trains  at 
all,  the  pushers  coming  up  behind  the  train  as  it  passes  a  switch, 
running  two  or  three  milles,  and  returning  on  the  same  track, 
protected  by  a  flag. 

1070.  The  best  method  of  determining  how  much  can  be  ef- 
fected in  these  various  ways  is  by  observations  of  the  variations 
of  velocity  in  the  handling  of  heavy  trains  on  the  present  line  io 
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lannef  shortly  to  be  described  In  this  way  we  eliminate  the 
ees»ity  *j(  considering  siid  allowiog  for  a  long  list  of  doubtful 
elemcnts-~wtiicli  throw  a  liuxe  of  uncertainty  over  any  computa- 
'  tioQ  in  which  (hey  must  tic  scpuraiety  estimated  or  guessed  at— 
by  siaiply  determining  by  direct  observation  the  resultant,  so  to 
speak,  or  net  effect  of  tlicm  all,  For  lack  of  dchnite  knowledge 
on  a  number  of  Vdri.iblc  elements,  it  isdiHicuk,  'i(  not  impossible, 
either  to  compute  or  to  observe,  separately,  cither  the  power  of 
the  engine  or  the  whule  reaistancc  of  Ihe  tr«in,  but  we  can  de- 
termine, very  accurately  and  simply,  the  relation  which  the  one 
bears  to  the  other — which  is  all  that  really  concerns  us — in  this 
way ; 

I.  When  the  engine  at  any  given  point  on  the  ujien  road 
LOSKS  SPEED,  it  is  proof  that  working  with  the  given  steam-pres- 
sure and  point  of  cut-off  it  is  overloaded,  and  the  amount  of 
velocity  lost  can  be  made  a  measure  of  how  much  it  is  over* 
loaded  {par.  400  et  a/.). 

II.  Conversely,  if  the  engine  gain  spsu»  at  any  point  on  the 
open  road,  under  given  conditions  of  sleam-pre$!iure  and  cut-oS, 
it  is  a  proof  that  it  is  underloaded,  and  the  observed  variations 
of  velocity  can  be  made  to  accurately  indicate  how  much. 

III.  If  an  engine  acquires  speed  in  starting  very  quickly, 
under  given  conditions,  without  slipping  the  wheels  or  using 

I  sand,  etc.;  or,  on  ihc  contrary, 

IV.  If  the  engine  start  very  slowly,  or  not  at  all,  without 
slipping  the  wheel?  or  using  sand,  or  ixnh — the  observed  facts 
may  be  made  a  measure  for  accurately  determining  what  train  it 

'  could  start  under  similar  conditions  with  fair  working  efficiency. 

1071.  By  velocity  observations  of  the  nature  above  indicated 

under  varying  conditions  of  wind,  weather,  temperature,  longand 

short  trains,  loaded  and  empty  cars,  etc.,  etc,  (all  of  which  can 

be  observed  on  trains  by  simply  waiting  for  suitable  opportuni- 

^  ties  without  affecting  or  interfering  with  normal  operating  prac- 
tices), we  have  a  positive  basis  fur  determining  from  what  is 
done  imder  those  conditions  whether  or  not   the  comparative 

I  ra/itr  of  power  to  resistance  on  various  parts  of  the  line  is  sert> 
ously  impcrfecL 


h^3iTj-'.-A'i^  :r-:ii,  tiU  =aT-  js  .pvMi  -z-^mpAT^ilTe  ralue  in 
j^-jr-T-.j  i^aier  ws^zh-ir  v.ih.  '.o::5  i.-^;::-  ::  tf3:pcT  cirs, 

Posrrtri  i»ter=i:=A:::=3  ;€  A=y  ic;  of  :he  toilowiag  doubtful 


A  rtiptett  tJu  tnguu. . 


T=«  razio  ^"TC  i=<oa3t  of  adhesion. 
Tie  cy-:;-,i— ->:»■;- 
The  gj-J—  p'  ■»■■- 

T:;e  ri^  ::i-fr.c;;';c  aa>i  fricuoa  (rf  BUCfainciT. 
Th-  iai2  rV'in  hej  «=-i- 

As  raptiti  liu  (an ■   The  i  r  i  rsi^tacce. 

Tte  e-t?r:  .:  ru;=ber  asd  load  or  cars. 

T'*-;  e::ei;T   .■  :er-.pera:uriu  stile  of  rail. 
/((  rc.p.'c!:  ihe  trjiK  at       Th?  eiter"  t  r    which   tr:— en:urr.  m^v  i»  n- 
a  •A.-r..'' '..-ft  -iz'-.r.  t:-  help  iraiss  over  scon  hejiv 

1072.  To  ac'i-jryiplljh  ■.".■rie  en  :s   the  sysceoi  01  observation 

sh'ni.-!  :ri  '':-.\a\  '.>':  ai  to'.lj-.vi  : 

Th-T  ',n  y  -pMraius  or  prev;  ..:=  p-eparat  on  tiKC^Marr  is  a  series  01 
il:i'--in"'-^'a>:'-.  ^.  ,-n'z  trie  :  ns,  i.  -'.  ip-A^jih,  inj  4  role-lo'>ii,  aith  an 
otfv:r/':r  '.n  '.;.'-  engine   •'-  limca  ,  jli  •  prjv-.Jel  w.th  .1  njte-book. 

Till:  iirfic;!  rfre  set  at  vinous  s,t'-^'~--^i  piLnti  oa  the  line  where 
itpec'l  'jfis*rva'.ioni  are  'Je*irah:c.  The',  -h.i'jiii  be  o;  a  size  a-'d  oilor  to 
\»:  ira-ily  vis  f.!'-.  and  shrj'iM  be  =«  thri.i^jhou:  the  r>ad  at  Stune  hxc  i 
aii'J  iinivjrm  '!i-tani;e  apart.  Boards  (jsie'^e  1  to  t!;e  lence  mav  be  more 
c'lUV.ni'rnt  than  stakes.  It  is  uiimpirtaTii  to  place  them  with  rei- 
erpDce  t'j  mil'--tJ'.sts.  but  they  ?houH  b--  ^et  at  t.ap  and  Iwtlom  of  ever*- 
floiil>ifiil  ^T.-iilc,  and  at  the  up-grade  starting. point  at  every  siation  and 
Moppini;-pl,icc  which  cither  is  or  may  become  In  any  way  a  difficult 
piiint.  rcqiiirini;  consideration.  It  can  do  no  harm  to  place  them  at  all 
stati'ins.  ;is  crimparis'ins  iiiav  In?  in.^truclive. 

A  train  miivin^  at  10  miles  per  liiiur  passes  over  14.67  feet  per 
second.     As  our  time  obscn'atlons  must  be  in  seconds,  it  trill  be  more 
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convenient  to  set  these  stakes  at  some  multiple  of  14.67  feet  apart,  thus 
making  all  velocity  records  throughout  readily  convertible  into  miles 
per  hour  from  speed  notes  in  seconds.  A  suitable  distance  is  14.667  x  20 
or  39333  feet.  If  set  at  that  distance  a  train  which  passes  over  the 
distance  between  any  two  stakes  in 

ao  seconds  is  moving  at  10   miles  per  hour. 


IS 

■3l 
10 

S 


■3t 

15 

20 

40 

aoo 

A 


In  other  words,  reciprocal  of  A  seconds  X  100  =  vel.  in  miles  per  koto' 
between  the  two  slakes;  a  very  simple  computation  from  a  table  01  re- 
ciprocals which  the  following  Table  loi  will  save  the  need  of. 


Table  201. 
Speed  in  Miles  Pek  Hour  cORRF.spoNDmc  to  the  Tihk  in  Seconds  ik 

PASSING  OVER   A    DlSFANCE   OF   393^    FERT. 


Sccoiu]*. 

Speed. 

Seconds. 

speed. 

SecDDds. 

Speed. 

Second  •. 

speed. 

3 

66.7 

6i 

31.0 

9* 

21. 1 

17 

11.76 

Ik 

61,6 

6i 

30.8 

9» 

20.  s 

18 

II. II 

3* 

57.1 

61 

39. C 

lo 

20.0 

'9 

to.  S3 

3f 

53-3 

7 

l8.6 

t      lO* 

19.0 

20 

10.00 

4 

50.0 

7i 

37. 6 

1    " 

18.2 

33 

9.09 

4i 

47  I 

-,\ 

36.7 

-  Hi 

17.4 

24 

8-33 

41 

44-4 

7* 

35.8 

12 

16.7 

36 

7.69 

4l 

43.1 

S 

25.0 

1       "1 

16.0 

2S 

7.14 

S 

40,0 

H 

24-2 

1      '3 

15.4 

30 

6.67 

Si 

38.1 

Si 

33.5 

1     "3+ 

14.8 

3S 

S-71 

5i 

36-4 

B» 

23.9 

1     14 

14.3 

40 

5.00 

5* 

34,8 

9 

23.3 

IS 

13.3 

so 

4.00 

6 

33. 3 

gi 

ai.6 

16 

ia-5 

60 

3-33 

The  disposal  of  the  stakes  at  stations,  where  speed  is  slow, 
may  be  advantageously  modified  by  putting  in  half-stations,  so 
that  they  are  only  146.67  feet  apart,  thus  giving  more  accuracy 
(o  the  observations  ;  but  this  is  unessential,  and  does  not  modify 
the  principle. 
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1073'  Sto|>«i  Ate  ties  suitable  Tor  Ihiit  pUTpOM  Riajr  be  bougbl  ol  any  itnltr 
for  ^^  tn  |;io  each.  They  read  lo  quarter  or  lilthi  of  seconds,  being  sinpptd 
Aiitt  iIk  hnncli  tixcil  at  miy  iatiant  tty  ili«  t»m-eineat  of  ■  lilile  butwn.  Pret- 
tiiire  on  another  bulion.  B.  Fig.  Iji.  lettore*  the 
hand  lo  xcro,  ready  (or  anoihct  start.  Tbejr  >ie 
gcDctally  dumbte  and  relulrlc. 

T>ra  itto|>wB(che«  rn»y  Mlv>n(afcoiisly  be  pro- 
cured mid  mounted  lo|;elher  oo  ■  boHrd.  ilw  *Ltrtla| 
buitoni  being  connected  lo  a  ilogte  lev«r,  a«  shova 
In  Fiji.  255.  \a  »ucb  mjnnei  thai  a  Klagle  nolion  U 
ibe  lever  wiil  »urt  one  waicb  «nd  nop  the  oibcr 
siiiiuiuoeoualy.  Thii  will  ibroor  (be  buttuni  for 
tuiniiijc  tbe  hand  lo  o  on  Ibe  outitidc.  ki  tbiu  tbty 
cm  be  readily  used  withuui  <liitiK«r  of  miaiaking  one 
for  the  other.     It  ii  not.  honcvcr.  estenilal  that  In 


■Ql©" 


Fic  as^ 

Ukinga  seri«of  say  fiveuTsix  obwrvatloiii  we  slioutd  return  I  be  hand  to  (eio 
each  lime.  We  tn»y  simply  siati  one  wmcli  and  stop  the  oihci  »i  each  scaiioo 
and  note  the  aciua!  rmdiiign.  ai  below  noted.  The  atiachmenl  of  Ihe  lev«r 
should  be  10  deviled  ihil  there  U  a  »ini;lc  point  in  a  central  potltion  of  the 
tevcr  where  neither  WAlch  will  be  started,  which  it  a  itmple  mallef  to  do.  A 
single  "split-second"  watch  will  Answer  the  ume  putpuac,  but  »  nxKe  expen- 
sive. 

Some  bra»  dipt.  C,  for  inicrting  a  memorandum  dip  near  in  tbe  walthe* 
inajr  advaetnKcnuily  tir  plarrd  ugioii  ihc  tionrd  t'>  which  Ihey  are  attached,  and 
hrackcta  or  anele  [tlutes  may  well  be  provided  for  readily  screwing  the  whole 
firmly  to  the  tide  of  the  car.  It  is  concenlcni.  aKhouKh  not  eucniial.  |n  have 
an  observer  to  watch  and  cn!l  oil  (ho  inntmil  of  passing  each  slakr.  so  that  tbe 
allentic-n  need  not  be  distracted  from  accura(el)r  taking  the  time  obaervations. 
A  Hide  stand  or  hook  10  carry  an  ordinary  watch  for  time  leeords  may  well  b« 
added 

1074.  The  rccotAt  of  a  scries  of  six  or  eight  successive  obecn'atlons 
at  any  desired  point  may  then  be  imted  rioirn  on  the  mrmomndum  pud. 
to  be  woricffd  up  Inter,  or  on  the  .«|x>t.  since  they  arc  likely  to  t>e  needed 
at  infrequent  intervals  only.  It  answers  every  useful  piurposi-  ol  a  dyna* 
raomeiur  ret:or(i.  tor  the  fluctuation.-!  of  .ipced  are  such  n  record. 

In  starting  out  from  a  station  the  intervah  ol  time  will  be  consider- 
able, even  when  taking  lial (-stations  of  146.67  feet  each,  and  there  is  no 
diiTiCLiIty  under  any  circumsiant^s  in  taking  readings  with  all  essential 
accuriicr. 

1075.  The  simple  preliminary  preparations  required  having  been 
mndc.  the  mrihod  of  conducting  the  observations  of  the  actual  working 
of  tmin:!  should  be  as  follows: 
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elore  beslnnlng  ^'ic  more  mreful  and  accurate  work  s  scrlesof  com- 
tivcily  rwlc  ob«crvations  may  well  be  made  in  which  cxac^tude  i» 
desired  ot  ailcmpted.  solely  for  the  purpose  of  obsctving  ilic  varia- 
I  lions  of  velocity  in  the  ordinary  routine  of  service,  and  to  learn  what  to 
l*!ipect  iind  where  to  observe  most  carefully.  No  observer  on  the  ensino 
1  Jk  needed  for  this  purpose,  and  it  is  as  well,  or  perhapf  belter,  that  the 
(trainmen  should  know  nothing  of  the  particular  purpose  in  view. 

For  the  more  formal  ami  cArcful  oliservaiions  an  ob»eT\Tr  on  the 
engine  ix  ncccuiiry ;  and  it  i^  desirable  that  the  train  should,  in  several 
:  tnstaiKeK  at  leoii.  be  run  on  nn  accelerated  schedule,  and  that  the  engine- 
I  miin  sliould  have  full  liberty,  and  indeed  express  Instniciions,  to  get  over 
I  the  (.-round  (and  especially  to  pull  out  from  stations}  as  rapidly  as  is  con- 
sistent with  due  caution  and  salely:  in  other  xrords.  to  see  how  quickly 
he  can  run  over  the  division,  reriteinbcrinft  always  that  the  cylinder 
tractive  power  of  hicomotive  is  very  dillerent  at  high  speed  and  low 
speed  (par.  SS7 ''»•¥-). 

1076<  Tlie  duty  of  the  observer  on  the  engine  is  to  take  notes  from 
I  point  to  point  of  the  following  details:  not  (or  the  purpose  of  making 
ttiiy  absolute  estimates  or  compulations,  but  simply  to  have  a  full  record 
[  of  tile  work  of  the  engine : 

ft)   The  Utam-preuure,  by  record  of  fluciu.tiions  of  the  stesm -gauge. 
It  dcpeti(£s  largely  nn  the  skill  of  the  lircman  :   how  much,  can  only  be 
idefTtnin'-d  by  trial  of  different  men.  or  by  their  record,  if  on  a  road 
which  lias  a  fiifl  premium. 

13)   Tht  point  of  cul-off.  oa  "  na<.z\\." 

(3)  Tht  ilipping  of  vihttU  and  tkf  utt  of  taitd.  The  record  as  to  the 
last  depends  ver)-  largely  (par.  501)  upon  the  skill— and  even  in  some 
cases  on  the  gooil-will — of  the  cngineman.  It  should  be  remembered 
that  be  can.  i(  be  rhoiMcs.  slip  the  wheels  almost  anywhere,  and  he  wilt 

■  slip  them,  whether  be  wishes  to  or  not.  if  he  have  not  the  requisite  skilL 
or  it  not  disposed  to  be  careful.  Starting  is  ordinarily  cllecicd  by  set- 
ting the  valves  in  full  gear  ahead  arid  regulating  the  admission  of  ucam 
l>y  the  throttle.  If  a  full  pressure  of  steam  be  adrailied  too  suodenly. 
siippinc  of  the  wheels  is  eenain  to  ensue,  even  if  ibe  engine  be  hauling 
no  train  wh.itever. 
H  1077.  Too  much  imporiance  must  not  be  attached  to  such  slipping. 
^  increlorc,  since  it  is  more  or  less  a  regular  incident  10  handling  heavy 
trains  b)'  locomotives,  which  cannot  be  wholly  avoided  wiihoiit  cutting 

E  rains  to  an  uneconomical  point,  nor  perhaps  e^■en  by  doing  so.  as  is 
icd  by  the  slipping  which  goes  on  consunlly  in  yard  woiic.  result- 
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ing  not  from  the  L-xc«ssivc  loud,  bui  from  inu  grcai  h^stc  to  get  the  load 
under  w.iy. 

tOT6.  The  duty  of  the  observer  on  the  cubooae  (or  at  any  other  coD' 
vcnicnt  point  on  the  trdin)  is  confined  to  lu king  (he  time  records.  He 
should  know  the  points  *<.  which  thejr  are  to  be  taken  very  thoroughW. 
He  shoulil  also,  before  xLirtinx  out  on  the  trip  ur  after  complettog  it, 
note  the  follovFiii^  deldils: 

Number  and  rhm  oj  «Hgin4axA  name  of  cnitinemun  and  lireman. 

Number  anJ  grvis  weight  a/  ie,t<tej  ami  empty  ttirt.Ani\  whether  hox 
or  flat  cars,  and  how  ouiny  cods  of  box  c^rfurc  left  exposed  In  the  train, 
by  being  preceded  by  fliic  ca.n.  to  cause  extra  air  resistance. 

Temperature,  fOndiiioH  of  rnil,  aHit  iltredioH  and  vtlodty  of  the  »■/«•/. 
The  Inttcr  may  well  be  dcicrmined  by  an  sncmomcier  and  wind>vanc  on 
the  caboose,  which  will  give  dirccUy,  what  is  really  re<iuifcd.  the  rcsaltant 
in  mHKniiude  and  direction  of  the  wind  caused  by  the  motion  ol  ihc  train, 
and  that  otherwise  existing.  With  u  head  mind  ibc  rcsulLini  will  lie  in  the 
direction  of  the  train  and  have  a  velocity  c(|ual  to  i tie  two  combined : 
with  a  rear  ttind,  it  will  have  a  velocity  equal  lo  the  diHcrencc  ol  tlie 
two,  wb\ch  may  be  zero ;  with  a  side  wind  equal  in  velocity  to  the  speed 
of  the  train  the  resultant  will  lie  at  an  angle  of  45*  tbcrewlih.  and  bave 
a  velocity  I.414  times  greater,  etc.  It  is  not  really  cscmial  that  very 
accurate  wind  ob^crvAiions  sliould  be  made,  since  we  are  not  after  afaso> 
lute  but  compttraiivc  results,  and  it  i<  easily  cstimaied  whether  a  stom 
or  wind  is  or  is  not  about  as  unfavorable  as  is  often  encountered. 

I079i  The  records  having  Iwen  taken,  the  velocities  At  various  points 
are  taken  from  Table  soi  and  the  vertical  "  hciid  "  in  feet  corresponding 
to  that  velocity  taken  from  Table  1  IS.  in  the  manner  which  has  been  dis- 
cussed in  |iar.  397  <t  ieq.  on  virtual  profiler,  which  we  arc  now  ready  to 
oonsinici,  preparatory  to  enierinfc  upon  the  interpretation  of  the  olwer- 
vations  t,iken.     In  iheie  latter  4iep«  lie  the  delicate  parts  of  the  work. 


CONSTRUCTION   OF    THE   VIRTUAL    PKOFILE. 

tCKIO-  Taking  an  actual  profile  (whtctt  need  not  necessarily 
cover  the  wlinle  line,  but  may  show  only  the  important  points: 
a  common  profile  to  working  scales  is  the  best).  lay  off  at  cacli 
point  where  time  records  have  been  taken  the  vertical  height  in 
(eel  corresponding  to  the  velocity  which  the  train  had  at  that 
point.  By  an  assumption  which  is  practically  correct,  the  aver> 
age  speed  which  a  train  has  between  any  two  stations  is  its  actual 
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speed  at  a  point  niidway  between  itiem.  The  vertical  heights 
should  therefore  be  laid  oft  at  correiipoiiding  points  on  the 
profile. 

In  this  way  we  obtain  our  virtual  profile,  parts  of  whicli'  may 
be  something  like  ihc  dotted  line  on  the  following  Fig.  356,  the 
solid  line  being  the  actual  profile. 


I 


lOai.  This  virtual  proBle,  as  we  have  seen,  is  that  which  atone 
ACcdb  to  be  considereiJ.  It  represents  a  line  over  which,  if  it 
were  actually  constructed,  a  locomotive,  exerting  at  every  point 
the  same  energy  iind  overcoming  the  same  friclional  resistances, 
would  move  Mt  ever}'  point  without  cither  gaining  or  losing 
speed.  On  this  profile  what  appears  to  be  and  what  is  coincide. 
K  the  viilual  profile  shows  a  low  enough  rate  of  grade  we  need 
not  be  disturbed  if  the  actual  profile  below  it  shows  a  consider- 
ibly  higher  grade.  On  the  other  hand,  if  the  virtual  profile 
shows  a  short  heiivy  grade  in  pulling  out  from  a  station,  which 
cannot  be  reduced  by  i;iking  mure  time  in  starling  trains,  its 
disadvantage  is  no  whit  less  because  it  is  short  or  because  the 
actual  grade  below  it  is  almost  a  level. 

The  virtual  profile  will  differ  according  to  the  direction  the 
train  is  running,  as  well  as  more  or  less  with  each  record  taken; 
but  from  all  these  noco  together  a  safe  average  is  supposed  to 
have  been  determined  at  each  point. 

1003.  Studying  how  to  reduce  this  virtual  profile,  we  reco^ 
nize  three  ways: 

/;>f/(and  simplest),  to  vary  the  velocity  by  increasing  if 
in  the  hallow  of  grades  and  decreasing  it  on  the  summits  and  by 
eliminating  or  taking  longer  time  for  stops.  By  carrying  thif 
process  far  enough,  we  may  reduce  the  virtual  profile  of  an  un- 
dulating  line  having  very  heavy  grades  to  a  level,  as  wc  have 
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seen  (p^r,  399);  but,  praclicttlly,  only  minor  variations  of  ihil 
kind  arc  admiiisiblc. 

StionJIy  (and  next  simplest),  by  using   pusheecs. 

Thi'dly,  DV    BecQNsTKUCTiu:*  or  amendment  of   tbc  actual 
proAle. 

1063.  Let  us  suppose,  M  examples  ar«  most  rendlly  followed, 
Dmi  ili<:>e  observations  have  been  takeu  and  ilic  virtual  prolild, 
made  over  a  given  division  wiih  the  results  at  rartotis  poln 
outlined  on  the  following  Figs.  257  to  364. 

Some  long  hard  ptill  on  <i  1.1  percent  grade  [Gj.^fi  feet  per 
mile)  shows  thai  the  given  engines  can  handle  35  cars,  more  Of 
less,  oil  this  grade  with  great  ease,  except  in  very  unfavorable 
weather.  Under  fairly  favorable  conditions  the  velocity  gained 
without  overtaxing  the  boiler  capacity  Is  such  as  to  indicate  ■ 
virtual  maximum  grade  of  1.4  per  cent,  or  even  more. 

The  same  ii  true  .it  u  number  of  minor  points  on  the  same 
division. 

In  pulling  out  at  stations,  by  comparison  of  many  observa- 
tions, it  it  found  under  average  conditions  that  the  virtual  grade 
was  1.5  to  1.5  without  using  sand  (being  somewhat  lower  be- 
cause of  the  greater  joiimal-friciion,  and  lower  because  the  full 
adhesion  was  more  nearly  used  and  there  was  less  air  and  other 
velocity  resistance),  while  when  sand  was  used  the  virtual  grade 
was  raised  to  1.6  or  1.8.  On  the  other  hand,  with  very  unfa- 
vorable weather  and  a  bad  rail,  the  virtual  profile  in  Starting  is 
!.>  to  1.4.  even  with  use  of  sand. 

I0B4.  Under  these  conditions  we  have,  in  the  first  place,  a 
Indication  that  the  trains  now  handled  on  the  road  as  it  stands 
arc  somewhat  smaller  than  they  might  be — an  indication  which 
is  alone  worth  the  trouble  of  an  investigation  of  this  kind,  and 
can  in  no  other  way  be  so  accurately  determined.  Pauiing  iJiat 
question,  however,  as  not  now  under  consideration,  we  -have  a 
very  positive  indication  that  we  shall  b«  safe  in  assuming  that 
by  using  a  pusher  of  equal  power  over  the  worst  grade,  we  shall 
in  effect  reduce  tt  to  the  equivalent  for  a  single  engine  of 
\iusher  grade  of  i.i  per  cent,  which  is  (Tabic  iSa,  page  593)  o. 
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;>er  cent  (13,8  fc«  per  mile).  This,  therefore,  is  what  we  should 
for  over  the  remainder  of  the  division.  If  we  find  it  easy  o( 
>mplishmcnt,  we  may  consider  reducing  it  stilt  lower  and 
ig  a  heavier  pusher  engine,  but  such  course  is  10  be  adopted 

rith  caution, 

The  actual  grade  at  stations  on  this   ^ade  should  not  be 

lore  than  0.5  for  at  least  700  ft.,  and  1.0  for  1000  ft,  beyond,  but 
by  use  of  sand  may  be  somewhat  higher  for  short  distances. 


Flo.  »M. 


Over  the  remainder  of  the  division  wc  are  liable,  at  various 
[points,  to  have  cases  like  the  following: 

1003.  A  sution  gnule  at  A,  Kig.  257,  on  an  actual  grade  of 
Ol6.  is  operated  very  easily  now,  the  train  quickly  getting  under 
way  even  without  the  use    ■■■■^^^^ 


kof  sand.  By  taking  more 
time  for  starting  heavy 
trains  (say  attaining  full 
working  speed  at  B^  the 


8^*!t-.. 
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virtual  grade  might  be  reduced,  perhaps,  to  .75,  but  it  is  neces- 

Isary  to  reduce  it  to  0.5  at  least,  and  if  possible  to  0.4,  the  actual 
grade  needing  to  be  considerably  less. 
The  neatest  and  most  effectual  method  is  to  remove  the  sta- 
tion  at  once  from  A  to  B,  this  alone  having  Ihe  effect  to  favor* 
ably  modify  the  virtual  profile  far  more  than  was  de«tr«d,  giving 
ihac  shown  in  Fig.  1%%.  If  this  be  impossible,  the  next  best 
method  is  to  take  out  the  bad  grarlient  in  the  virtual  profile  by 
raising  the  grade  at  A  on  the  actual  profile  to  A',  giving  it  (he 
form  shown  in  Fig.  359.  Changes  of  this  kind  are  apt  to  be 
expensive  because  of  their  locality:  but,  on  the  other  hand,  they 
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an;  Inexpensive  in  tliat  ihcy  are  seldom  very  long.     Tlic  cQect  it, 
to  substitute  (in  the  lower  halt  of  the  diagram)  a  broken  actui 
bul  good  vtrtuul  profile,  in  place  of  u  good  actual  but  bad  vlnual' 
prulilc.  us  in  (.he  upper  half  of  Fig.  159. 

lOae.  A  modiAcalion  of  the  same  case  may  be  as  follows:  A 

station  originally  well  situ- 

"T"-::-^^..  axtA.  a»  S.    Fig.    360,  bul 

which  has  been  complicate 
by  subsequent  additions  of 
grade -crossings  for  other 
lines  C  and  C,  at  which  all 
truinfl  have  to  stop  a:: 
'^  *•*  start  again  on  a  grade. 

The  first  and  best  remedy  for  this  evil  is  the  use  of  inter- 
locking signals,  saving  the  necessity  of  a  stop  except  10  \t\ 
another  train  pass;  but  as  that  is  a  contingency  which  may  hap- 
pen not  infrequently,  it  can  never  be  it  perfect,  nor  in  xome^J 
cases  sufficicni,  remedy.     The  evil  may  also,  in  cases,  be  rcmc 
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died  by  raising  the  grade  of  the  track  approaching  the  crossing 
as  outlinedat  C  and  C,  provided  the  rrWini/ grade  of  ibe  approach 
be  not  increased  thereby  to  an  inadmihsibte  rale.  The  onH 
remaining  cour^  is  either  to  use  a  yard  engine  as  a  helper  ove 
,lhe  crossings  or  to  boldly  lower  the  grade  by  passing  under 
each  road,  and  grading  3  new  road-bed  or  lowering  the  existing 
one,  for  wliicii  room  may  be  so  scant  as  to  require  rclaining- 
walls.  This  will  make  the  improvement  a  costly  one,  and  yet 
•the  cost  will  probably  be  small  in  proportion  to  the  gain, 
unless  it  is  only  one  among  many  costly  Improvements  required 
for  the  desired  end. 

1087.  At  large  towns  it  is  a  very  common  thing  to  find  th« 
station  located  at  some  point,  like  SoxSf,  Fig.  »6i,  which  wi 
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origtnallj-  fixed  more  wiih  reference  to  the  conveDJencc  of  the 
luwii  ili«n  to  the  grades.  This  in  of  course  ihe  proper  thing  to 
tlo,  itnd  a  decrease  u(  station  ^ 

■  (uciliitcs,  or  a  change  causing 
inconvenience  to  tbe  patroiitt  of 
the  iitic,  will  ill  ((eneral  be  incx- 
|M.-<Iieii(.  Such  \ixx^it  si.tiions, 
moreover,  are  generally  well  provided  with  side  tracks,  so  that 
H  the  result  is  that  they  are  largely  used  by  train-dispatchers  as 
Bpassing  points. 

H  The  proper  remedy  in  sucli  cases  is  to  esublish  sidings,  Kor 
^|y,  to  serve  at.  pji»stng  points  for  through  truins  only,  with  a 
^PM(>arfttc  tclrgraph-oflice.  leaving  llic  local  facilities  undisiiirl>ed. 
Tliin  requires  ilic  tcrvicirs  of  two  operRinrs  to  do  the  worlt  of  one, 
and  pcrhapi  one  or  two  other  otherwise  needless  employes,  btil 
,  Ihe  wages  of  one  train  crew  for  a  single  trip,  il  should  be  rc- 
[membcicd,  will  pay  ilie  wages  of  a  good  operator  for  a  week. 

lOM.  The  case  sketched  in  Fig.  afii.  moreover,  is  one  of 
I'tbosi:  where  the  whole  diflictitiy  in  handling  heavier  truinK  may 
I  be  made  to  vaninh  by  a  mudilicaiion  of  the  system  of  dispaich- 
fing,  (o  the  cfCecl  that  unly  trains  going  down  grade,  or  say  east, 
shall  be  held  at  iliis  station  and  compelled  to  lake  side  track 
(except,  of  course,  in  emergencies),  especially  if  there  be  another 
,  regular  station  near  lo  it,  as  Kor  J",  which  maybe  used  as  a 
ivsing  point,  by  holding  one  or  the  other  train,  in  case  it  is  im> 
sibie  for  the  eastward  train  to  reach  ^'or  S  first.  It  is  not 
]tial,  although  it  is  convenient,  that  a  dispatcher  should  feel 
^«it  liberty  to  hold  any  train,  bound  either  way,  al  any  station,  in 
the  regular  routine  of  business,  provided  that  to  do  so  interferes 
with  a  Diaierial  addition  lo  the  train-load.  It  is  the  rule  and 
not  the  exception,  however,  that  he  can  and  docs  do  so. 

•  I0e9<  The  decision  as  to  what  course  to  adopt  formodifica- 
lions  of  gra<lienl«  on  tlie  open  road  is  a  much  simpler  matlrr 
than  at  stations.  The  vital  point  to  be  determined  in  the  begin- 
ning, before  studying  the  details  of  the  various  difficult  points  at 
all,  is  what  rate  of-  speed  is  practicable  and  allowable  at  the  foot 
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of  the  f^rade,  which  largelv  depends  on  the  alignment.  Tht 
modern  tcntlency  Is  very  decidedly  lo  permit  of  higher  speed  in 
handling  freight  tniins,  and  it  is  csseniial  to  do  so  at  points  to 
handle  the  maximum  train  on  all  undulating  gradients.  The 
probable  introduction  in  the  near  future  of  freight-train  bnik 
and  more  mechanical  coupling  devices  than  are  now  in  use  vrill, 
when  accomplished,  greatly  increase  the  admissible  maximum 
of  speed  for  equal  safety;  but  even  as  freight  equipment  stand: 
at  present  it  is  probable  that  30  or  35  or  even  40  miles  per  hour, 
for  short  disuinccK  at  special  points  (the  writer  must  not  be 
understood  to  recommend  the  latter  speed),  are  quite  as  safe  as 
50  tn  65  miles  per  hourfor  passenger  trains.  It  has  been  tolerably 
well  determined  (par.  664  etal.)  thai  higher  speeds  than  15  miles 
per  hour  are  more  economical  for  freight  trains;  and  the  not  un- 
common feeling  that  any  speed  of  over  15  or  10  miles  per  hour 
verges  OR  the  dangerous  is  in  part  a  relic  of  the  old  days  of  iroo 
railM,  pour  ballast  and  road>bed,  and  less  solidly  constructed  roll 
ing-stock. 

1090.  Therefore,  when  required  for  reducing  virtual  gradient* 
by  taking  a  "  run  at  them,"  as  part  of  a  general  system  of  im- 
provements, a  speed  of  30  miles  per  hour  (xvliich  takes  31.95  ver 
tical  feet  out  of  the  depth  of  a  hollow;  Table  118)  should 
freely  permitted  and  counted  on,  with  fair  alignment;  and  with 
a  tangent  in  the  hollow  of  the  gradients  this  limit  may  in  gen- 
eral be  safely  increased  to  35  miles  (4349  vertical  feel),  if  that 
speed  seems  essential.  These  speeds  and  even  higher  ones  are 
now  frequently  used  in  handling  freight  trains  on  many  lines. 
Whatever  the  limit  adopted,  however,  it  should  be  determined 
in  advance,  liy  reference  to  the  records  obtained  us  already  lie- 
scribed,  and  especially  with  careful  consideration  as  to  whether 
the  asNtiinrd  speed  can  vith  eertainty  bt  (punlrd  ei  as  attainaNe  at 
the  given  point.  Unless  there  be  a  descending  gradient  in  the 
approach  so  »%  to  give  the  required  speed  quickly,  the  high  speeds 
mentioned  cannot  be  counted  on  safely. 

1091.  This  preliminary  being  determined  and  the  present  an 
desired  gradients  being  the  same  as  already  assumed,  viz.,  i.s 
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actual  and  0.45  desired,  Figi.  j6t  to  365  will  serve  as  lypes  of  atl 
the  cases  wliic)i  can  arise  on  the  open  road.  In  Fig.  163  let  AB 
be  a  long  1.0  ycr  cent  grade  will) 
I'urved  uligniiient  at  fi  U3  that 
more  than  30  inilci  per  hour  is 
not  deemed  sa(«  at  ihai  point, 
but  that  or  even  higher  velocity 
Is  easily  attainable.  With  the 
short  trains  heretofore  in  use  the  grade  has  not  been  a  difficult 
one,  so  thai  the  vintiid  proTiIe  obtained  in  observations  on  trains 
as  now  run  hnx  hc^n  nearly  parvllel  with  the  grade,  the  Mpved 
being  lower  Mt  Ji  and  higher  at  A  thnii  was  necessary.  It  \%  de- 
sired to  determine  to  what  extent  (i.e.,  fur  what  length)  such  a 
grade  can  be  operated  as  a  virtual  0.5  gradient. 

1092.  A  certain  speed  at  A,  not  Irss  than  10  miles  per  hour 
(3.55  vertical  feel),  must  be  assumed,  as  a  margin  for  error, 
tv/uilur  tfiere  he  a  statioi  of  A  i/r  not  (par.  1095}.  Then  31.95  —  5.55 
=  18.4  vertical  feet,  as  the  miixtniuTii  through  which  momentum 
can  be  relied  on  to  lift  the  train.  Moreover,  the  actual  grade  1.0 
0.5  (assumed  virtual  grade)  =0.5  feet  per  station  as  the  defi- 
ciency in  power  of  the  locomotive  which  must  be  made  up  by 

momentum.     We  have  then  — '--  =  56.8  stations,  or  over  7  mile, 

0-5 
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or  56.8  vertical  feei  of  rise,  as  the  length  of  this  grade  which  it 
Is  possible  to  operate  in  this  manner.  11  the  grade  be  longer  or 
shorter  than  this,  the  overplus,  hitt  the  overplu*  only,  roust  be 
taken  out  by  new  constniclion,  cilhcr  by  raising  the  grade  at  £ 
or  (what  is  better)  lowering  it  at  A.    If  (he  grade  were  ten  stations 
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longer,  those  icn  stations,  but  those  only,  must  be  rc«lucrd  tn 
0.5  actHal  ^rade  in  one  or  the  other  of  the  aietUuds  ouilmrii  in 
Fig.  >63.  If  the  chan);re  be  made  at  the  bottom  of  the  hill,  as  at 
/f,  wc  Khiill  have  the  dis^iilviuituge  that  on  the  whole  of  the  new 
0-5  gradieni  u  speed  of  30  miks  per  hour  niiist  be  maintained  to 
lia\'c  the  d<.-9ircd  effect.  As  this  may  be  or  may  seem  objection- 
able, the  modificalion  may  need  to  be  more  extensive  to  cITert 
the  desired  end,  and  should  be,  wherever  possible. 

1093.  The  same  is  true,  in  less  degree,  of  the  change  at  the 
top.  The  train,  under  the  assumpiionK,  will  not  be  able  to  move 
faster  than  to  miles  per  hour  until  il  has  passed  eniirely  over  iL 
Therefore  the  maximum  figures  for  the  gain  by  moraentan) 
should  be  used  only  for  determining  wktlA^r  ar  twf  any  nwUfieati^m 
0/  Ihf  graJe  tfiU  h  re^uirrJ.  tf  it  is  even  then  found  necessary,  a 
more  liberal  margin  should  at  once  be  adopted,  if  attainable  at 
moderate  increase  of  cost,  as  it  generally  will  b«. 

In  fact,  when  some  construction  in  any  case  has  been  once 
found  necessary  it  may  often  be  best  and  almost  as  cheap  tn  lake 
the  whole  hill  out  at  once  by  a  detour;  perhaps  making  the  new 
and  old  tines  together  serve  as  in  eflect  a  double  track. 

1094.  It  is  to  be  remembered  in  considering  what  allowance 
it  is  safe  it>  make  for  assistance  by  momenium,  that  in  many 
cases  an  error  in  the  estimate  of  the  possible  gain  from  ituif 
source  will  have  no  disastrous  consequences,  since  if  it  be  found 
that  the  ass:imed  speed  was  too  great  to  be  relied  on  it  is  pos- 
sible ai  any  lime  to  raise  the  grade  three  10  five  feet  in  the  hol- 
low, as  outlined  in  Fig.  364,  and  thus  materially  reduce  the  speed 

required.  To  do  this  in  in 
most  cases  a  comparatively 
simple  matter,  since  the  fills 
need  not  be  very  long  lo 
raise  the  hollow  between  two 
gradients  by  a  considerable  amount.  If  the  two  gradienu  are  1 
per  cent,  the  total  length  of  the  fill  is  only  loo  feet  per  foot  of 
lift;  with  0.5  gradients,  400  feel  per  foot  of  lift:  and  with  1.5 
gradients,  133  feet  per  foot  of  lift,  etc.     To  make  fills  by  train  in 
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such  locations,  even  if  of  considerable  magnitude,  is  rarely  ex- 
pensive, and  it  can  be  done  at  any  time  wlicn  found  convenient 
and  esseiitiaL  Therefore,  when  it  is  seen  tlial  a  not  excessive 
(ill  will,  if  made,  fulfil  all  necessities,  it  is  proper  to  rely  qtiiie 
largely  on  tnomentum  for  the  lime  being,  if  by  so  doing  ilie  till 
can  Ix  dispensed  with  for  u  time  at  least,  and  perhaps  forever. 

I09S.  On  the  other  hand,  there  is  u  danger  connected  with 
tlic  study  of  such  virtual  profiles,  which  has  been  iillucicd  to 
above,  but  which  should  be  still  more  explicitly  pointed  oul. 
When  the  question  whether  or  not  we  can  keep  within  a  certain 
vinuiil  gradient  is  at  stake,  as  in  Fig.  265,  it  is  in  no  case  safe, 
even  when  there  is  U  station  at 


Fk.  •<«. 


■  he  lop  of  the  hill  at  A,  loassurnc 
that  we  can  arrive  there  with  no 
velocity,  and  can  consequently 
lay  the  virtual  gradient  directly 
on  the  actual.  Ii  »ceinK  plausi- 
ble ihai  we  can  do  this,  a?s  we  are  certain  that  we  shall  need  no 
velocity  at  A;  hut  whai  wc  arc  not  sure  of  is  of  never  falling 
below  the  desired  velocity  at  B,  and  if  we  do,  our  virtual 
gradient  is  at  once  increased.  If  we  assume  a  certain  moderate 
velocity  at  A,  say  to  miles  per  hour  (jt  55  vi-rticiil  feet),  and  any 
maximum  velocity  deemed  reasonable  at  B,  as  in  cases  where  no 
stop  is  contemplated,  we  are  sale,  because  onr  velocilvai  .^may 
then  fall  quite  a  liille  below  thin  aMsnmed  without  endangering 
our  arriving  at  A  with  some  velocity,  so  as  to  float  the  train  over 
it;  but  if  wc  assume  wc  are  lo  arrive  at  A  with  no  velocity,  .sim- 
ply because  the  train  must  stop  there,  we  are  liable  not  lo  reach 
there  at  all.  No  ^tdvantage  can  be  assumed,  therefore,  from  the 
fact  of  a  stop  at  the  tup  of  the  gradient  more  than  would  cxistif 
there  were  to  be  no  stop  there  at  at).  In  either  case  wc  must  be 
sure  of  reaching  the  top,  and  in  neither  case  is  it  important  to  be 
sure  of  more  than  that. 

1096.  The  temptation  may  be  great  to  fall  into  this  plausible 
error,  when  an  estimate,  perhaps,  must  be  kept  very  close  lo  liave 
the  work  go  through  at  all,  and  when  there  may  be  an  expensivo 
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bridge  at  B,  making  it  difficult  to  lift  up  the  grade  at  that  point; 
but  if  a  reasonable  velocity  at  B  and  some  velocity  at  A  wilt  not 
suffice,  there  is  nothing  for  it  but  either  to  raise  the  bridge, 
lower  the  station,  increase  the  distance  between  them,  or  give  up 
the  desired  virtual  maximum  as  unattainable. 

1097.  By  attaclcing  the  work  of  improving  old  tines  in  the 
method  here  outlined,  halving  the  more  formidable  and  inevi- 
table grades  at  once  by  using  a  pusher  on  them,  without  spend- 
ing a  dollar  on  them,  and  spending  all  our  money  on  what  were 
before  the  very  easy  grades,  and  hence  are  usually  in  light  work, 
the  average  train-load  may  be  doubled  at  small  cost  on  thousands 
of  miles  in  this  country  ;  whereas  by  merely  attacking  the  heav- 
iest grades  which  show  on  the  profile  with  force  and  arms,  so  to 
speak,  a  great  deal  of  money  must  be  spent,  and  there  will  be 
comparatively  little  to  show  for  it. 
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1098.  TiiK  muUipIicalion  of  grade-crossings  has  become  a 
great  and  serious  question,  especially  in  the  West.  The  topo- 
graphical conditions  in  the  Eust  gicatly  restrict  the  danger  from 
such  crossings,  as  well  as  their  frequency;  but  throughout  vast 
regionH  of  the  West  there  is  absolutely  nothing  to  prevent  a 
railway  being  built  from  auywhcrc  lu  anywhere  in  very  nearly 
an  air-line  by  accepting  "moderate"  grades  of  40  to  80  ft,  per 
mile.  As  a  consequence,  many  importiinl  lineii  have  litlle  or  no 
assurance  that  crossings  may  nol  be  demanded  of  them  sooner 
or  later  on  any  single  mile  of  their  (rack,  and  it  becomes  of  great 
importance  to  determine  how  strenuously  they  should  oppose 
such  crossings,  what  expense  they  may  and  should  Incur  lo 
avoid  them,  find  what  can  be  done  to  reduce  their  disadvantages 
to  a  minimum  when  unavoidable. 

The  problem  has  been  greatly  simplified  in  recent  years  by 
the  fact  that  the  disadvantages  of  grade-crossings  may  be  largely 
diminished,  and  somciimcs  almost  destroyed,  by  the  use  of  inicr- 
locking  appar;ilus,  as  we  have  seen  in  par.  1086  and  elsewhere; 
but  while  there  were  in  1885  some  60  railways  in  the  United 
Slates  using  interlocking  more  or  less,  the  total  amount  in  use 
was  considerably  less  than  on  the  London  &  Northwestern 
alone. 

t099.  Then  uc  iB  different  vIim  a(  itandaid  siKOnlcsbiaK  on  the  Loodoa 
&  NoiilimMCTn  RtUtway.  which  arc : 

A.  \  lc*er»,    6    X    6  (L  D.  *o  lever*,  16  (t  3\  in.  >C  la  it. 

B.  10       "         ^    X   flit-  (»nd  «o  «n  to— J 

C.  IS       "        i)lXi*fi.  T.   t$o  1e»«re.  <)6  tt.  6  lo.  X  IJ  ft, 

Tlic  HmmI  rule  being  that  the  cabin*  arv  nil  la  It.  *lde  and  are  6  in.  long  per 
lever,  pint  about  &t  ft.    There  ore  i$m  »'  divw  cablni  on  1753  mile*  of  nwd. 
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conulning  s6,<;oo  (even.  The  annual  average  coct  (or  moloienance  t*  (iS7.iX)a, 
Hrhlrli,  illviilfd  by  ihc  numtjrr  o(  Icvc n»  !n  ow  on  lh«  ll»«,  cixnc*  to  $7.07  p<f 
Icrer,  Tliis  iiiiii>unl  Include!-  not  only  the  renewal  antl  cepkiTs  of  ili«  lockitiK 
apparaiui.  bui  iliut  of  Ihc  si^nol-cablai,  tlffoab,  aod  all  subaidiarjr  app«r»tm, 
and  also  (he  coil  of  prnviJlnc  any  new  tind  sctdiilonia!  appiuatut,  when  undtr 
%\i.i.  The  itmoiKit  vi  wurk  li>  bo  muinlainoil  has  increased  80  per  cenl  aiace 
the  year  tS74,  while  the  cost  of  mainitnance  has  only  incteaicd  t\  per  cent. 

In  the  DThole  United  Stales  there  are.  of  all  ■¥««»»  (lUjV  soroewhal  tut 
than  150  cablna  and  3ocx>  levers,  or  but  about  one  fifth  m  many  csblo*  And 
iiboui  one  ninili  m  many  Ivvera  a»  are  in  UM  on  ih«  London  A  N'onhwratsm 
alone, 

1100.  Ill  RrigUnii  there  are  practically  no  griicle-crosktn)^ 
of  rHilwK)'«,  and  this  app<iratus  is  used  chicl1>-  (or  yards  and 
jtinctions.  In  America  there  arc  a  grcui  many  grade<ero&sings, 
even  on  important  lines;  but  the  clumsy  and  cosily  precaution 
of  a  full  stop  of  every  train  at  every  ci\)ssing  is  still  the  rule,  al- 
though it  can  hardly  be  that  such  an  absurd  relic  of  barburihtn 
will  lini;er  much  longcj',  now  that  there  is  a  considerable  and 
Incrcasinit  number  of  grade -crossings  operated  without  a  stop 
by  the  aid  of  interlocking  apparatus,  and  always  with  perfea 
safety  and  success. 

1101.  Ill  pari,  the  slow  progrc»  in  ihij  matter  is  easily  ex- 
plained. The  great  loss  and  delay  from  grade-croning  stops 
goes  on  quietly  and  silently,  sapping  the  life-blood  of  the  com- 
pany, as  do  the  consequences  of  bad  location  (page  j),  without 
interfering  much  with  the  routine  of  operation,  and  at  points 
removed  from  the  managing  officers"  immediate  observation, 
whereas  llie  difliculiics  at  yards  obtrude  themselves  on  atten> 
Cion.  and  many  01  the  most  crowded  yards  have  passed  the  limit 
of  their  capHciiy  without  some  such  mechanical  aid. 

n03>  Nevertheless,  from  an  economical  point  of  view,  abol- 
■shiug  the  stop  at  grade-crossings  is  by  far  the  most  important, 
especially  when,  as  isso  frequently  the  case,  they  reduce  the  num- 
ber of  cars  hauled  below  what  it  otherwise  would  be.  To  reach 
this  conclusion  we  need  not  adopt  any  of  the  wild  estimates 
which  give  the  cost  u(  a  stop  at  anywhere  from  a  dollar  up. 
Without  going  elaborately  into  the  details  of  the  estimate,  to 
discuss  which  properly  by  items  would  take  considerable  space, 
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/roin  30  to  60  ccnis  may  (airly  be  taken  as  the  cost  of  a  stop, 
«piirt  from  all  effect  on  length  of  trains.  An  estimate  of  40  cts, 
per  stop  (or  average  trains  on  Hoes  doing  cunsiderable  through 
business  can  hardly  be  considered  excessive,  and  at  iliix  rate  the 
cost  per  year  of  each  train  ]>er  day  stopping  at  the  crossings  la 
365  X  40  =  $146  per  year.  If  therefore  there  is  an  average  of 
ten  trains  per  day  each  way  for  each  of  the  roads  which  cross 
(and  the  average  at  grade-crossings  would  probably  be  more 
rather  than  les»  than  this),  we  have  $i4(>  X  lo  X  2  X  1  =$5840 
as  the  annual  loss  to  both  roads  from  the  fact  of  the  existence  of 
this  crossing, 

1103.  The  cost  of  saving  this  loss  by  constructing  a  new  line 
or  by  interlocking,  will  vary  more  or  less  with  the  locality  and 
in  less  degree  with  the  system  of  interlocking  adopted  ;  but  the 
variation  In  the  latter  respect  i«  not  important,  und  the  outside 
limit  for  a  complete  system  of  intcrlockinK  switches  and  signals 
for  either  single  or  double  track  (it  makes  little  diUcrcnce 
which),  by  one  system  of  approved  excellence  may  be  stated  to 
be  from  $2500  to  $4000,  averaging  $3000.  This  includes  eight 
signals  {four  "  home"  or  near  signals,  and  four  distant  signals, 
two  for  each  track),  four  derailing  switches,  one  for  each  track, 
which  throw  the  (rain  off  onto  a  graded  road-lied  (having  no 
rails  and  ties  for  only  a  short  way),  if  the  signal  be  carelessly  nio 
by.  and  (for  a  separate  sum  of  $400),  electric  locking  apparatus 
which  renders  it  impossible  to  change  the  signals  after  a  train 
lias  once  passed  the  first  distant  signal  until  it  is  over  the  cross- 
ing.  The  cost  of  (he  building  and  of  erection  is  included  la 
the  above. 

One  man  only  is  required  to  attend  to  the  signals,  as  is  re- 
quired without  interlocking,  and  his  wages  need  be  little  if  any 
higher,  so  that  this  item  may  be  considered  unaffected. 

1104.  Even  with  the  lightest  ordinary  traffic,  therefore,  the 
lowe:(t  reasonable  estimated  cost  of  stop,  and  the  highest  prob- 
able  rate  of  interest,  the  sum  savrii  annuali-v  is  far  mart  tAam 
fnimgk  to  cffefr  tht  iiJiHtwnal  txpense  0/  lher<mghly  prottdtng  a  gradt- 
eratttHg  to  that  ip  stff  nctd  ht  made,  without  considering   the 
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greater  safety  and  convenience.  At  more  imponanl  crossing 
it  would  be  hard  lo  find  a  L-lenrer  case  of  «n  expedient  improve- 
ment, even  \i  the  stops  do  not  cut  down  the  length  of  train. 

1105.  H  llie  length  of  train  is  cut  down,  so  as  to  lake,  say. 
31  instead  of  lo  trains  per  day  to  handle  the  traffic,  the  very 
lowest  cost  for  which  the  extra  train  can  be  run  is  (Table  176} 
3S  lo  40  cents  per  train-mile  (for  an  average  cost  of  70  to  80 
cents),  or  saySjS  for  a  trip  of  100  miles,  amounting  to  $13,870  per 
annum,  or  $693.50  for  each  of  the  10  trains,  or  $1.90  per  stop  (if 
only  one  stu|i  causes  tlie  dccrcaiie  of  Iruin-load)  is  additiok  to 
TKK  DiRKCT  C09T  o(  the  Stop.  In  such  cases,  of  which  there  arc 
many,  it  i»  culpal>ie  folly  to  delay  availing  one's  self  of  so  cheap 
and  easy  a  remedy  for  such  losses  as  interlocking  a^ords,  if  the 
oondilions  are  not  favorable  for  the  stitl  better  and  in  the  end 
often  cheaper  remedy,  an  over-  or  under-crossing. 

1106.  A  fact  which  explains  rather  than  excuses  the  prevail- 
iog  negligence  in  this  matter  is  this, — that  the  protection  of 
grade -crossings  requires  the  joint  action  of  two  roads,  usually 
under  different  and  often  under  antagonistic  management,  and 
it  requires  no  little  negotiation,  and  a  conciliatory  spirit  on  both 
sides,  to  arrange  the  details  of  the  distribution  of  the  expense. 

It  can  h.-irdiy  be  doubted  thai  this  difDculty  is  a  serious  one, 
and  it  is  largely  the  fault  of  the  laws  which  authorise  the  u5«o( 
interlocking  as  s  substitute  for  stops.  By  some  singular  over- 
sight, all  these  laws  as  yet  passed  (tSSti)  authorise  roads  to 
"agree"  on  putting  in  interlocking,  but  do  not  provide  a  way  by 
which  one  road,  anxious  to  act  under  the  law,  can  compel  an- 
other road  to  accept  a  reasonable  settlement  by  arbitration  or 
otherwise,  unless  it  chooses  lo. 

tlOT.  Th«  provisions  o(  (he  State  laws  m  to  dispcatinf  with  croaaltie  sifrpt 
mav  br  brtclly  »uininaiii<(l  as  follows  ; 

The  Massac HUisni  law  puncd  in  :SSi.  after  somctrhM  urgent  rMonmeti 
ilalloni  by  it»  Corn  mixn loo.  which  ncre  at  the  lime  regoTiIed  by  many  u  Kone- 
whMt  h«r«llc>1  (because  Ihe  public  knowlcdice  of  inietlocklng  h-m  mucb  leu  Ibm 
than  il  18  now.  even  amoiiK  railroad  men),  pim-ldcH  Ihat  "The  approval  ol  lb* 
Board  »b»ll  be  required  (or  a  sj-stem  of  signals  to  be  FttabUshcd  and  main- 
ulned  In  cooccn"  bjr  lallroads  which  cro»  each  other,  but  that  a  full  flop  ahall 
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not  l)s  dispcnscil  wilh  "  unlMS  ■  (TMem  of  Intcrtockiag  or  of  auiomatic  (Ixnih, 
approreU  In  mUinf;  by  lli«  Board.  <t  aJaflrJ  ty  Mk  ifrffirtiinii" 

Onto.  «i  aJmoit  the  saint  lime,  proridril  by  Ibw  lliiil  "  »ny  works  or  fix- 
lutcf"  «ppfoTcd  by  tbc  Com mi*>i oner  of  Railroads  and  Tckuraphit  as  render- 
inn  it  imIb  10  ilitpenpc  wiih  tiopii.  ptaat  baving  been  fiicd  with  him.  «ball 
riccpense  oilh  the  ntccs^ity  of  *  stop:  and  if  the  CammUiloner  shall  (all  lo 
appTi>ve  Ihe  plan  wiihio  twenty  day*.  "  iw\  cfnf,tHUi"  nuy  ai'ply  lo  ll>e  Cmirl 
nl  Ciimmoii  Pki'',  where  approptiiite  action  will  be  heltl.  This  enactment 
leems  i»  require  not  only  (hat  hoth  companies  shall  consent  paisively,  but 
thai  ihey  shall  unite  in  active  IcksI  ptUCocdinKS  to  avrit  a  decl»ion  which  might 
be  not  unwelcome  to  one  bf  ihcm. 

MiCHiuAM  i>^^.>)  [usHrtl  lirst  a  very  •bturd  enacimcni  that  "authority  is 
hvrcby  given  lo  said  CummiMionei.  und  il  shall  be  his  duly,  il  he  thall  ileent  it 
pDtctic-aUe,  to  prearnbc  the  use  of  the  inteilock^n);  switch  and  >i|pial  *y*Iem. 
provided  thai  at  ci<jMiUES  wheie  all  trains  cotne  to  a  lull  stop  no  other  systMn 
than  that  re<|uirinR  such  stop  shull  be  prciciibcd." 

TIm  absurdity  of  thus  tutting  off  one  of  the  chid  udiranlages  ol  inMvlodEtns 
•igaaU  siruck  the  LrKitUiute  almost  Immediately,  however,  and  another  act  o\ 
the  fame  lestion  provided  that  "  whenever  there  slull  be  adopted  and  u»ed  M 
any  such  ctosiini;  an  inteilockinK  switch  and  signal  syttcrn.  or  o[hrr  device," 
whrch  the  Commlisioner  thinks  make*  it  safe  to  dispense  wiih  a  stop,  he  may 
authotite  il  in  »titin|;.  wilh  any  rcBulallon*  a*  Iti  tpeed  or  other  matters  which 
he  df«nu  cecevary.  and  wiih  power  to  revoke  his  action. 

to  the  sirict  letter  o(  these  Ian.  the  Commissioner  tnay  piMcribc  automatic 
vignals  wilboul  ditpcntios  with  a  stop,  but  can  only  authorise  the  stop  after  th« 
apparatus  is  adopted  and  in  use.  Neither  is  he — what  is  a  more  setJout  matter 
— given  any  specific  power  to  say  «ha(  pan  o(  ihc  expense  each  of  ihe  two 
eompanin  cuncerncil  shall  bear.  These  ptoviijuns  cotne  ibe  neaiesi.  however, 
of  thoM  of  any  Slate  to  proTidint;  means  by  nhkh  one  railway  which  is  unitioiis 
to  ear*pe  Itom  Ihc  burden  of  stopping  at  a  crosvinj;  cxn  curnpel  the  other  bene- 
ficiary to  bear  its  lalt  share  of  the  cost. 

The  INIH^SA  law<iS3))  is  merely  permissive.  authoritinR  the  Audltof  of 
Stale  to  appture  iniettockinK  or  auiomailc  signals  at  crcusslniis.  from  plana 
submitted  by  "/aw  iw  mt'ir  railroads,"  which  have  creeled  or  ate  about  I"  erect 
them,  and  Ihereaftrr  in  aiiitioriir  ibo  ■>mis*ion  «(  stops.  It  Is  spcciHcally  pro- 
vided that  such  siiinals  shall  not  be  "used  or  pui  in*'ai  any  ctossinK  "  tn  the 
detriment  of  any  other  railroad  toropany."  unless  with  the  consent  of  llial  cotn- 
pany  in  wrilinf;.  Under  this  provision,  the  manafier  who  wishes  to  dispense 
with  twenty  different  ctosslogs  mutt  lirst  undertake  the  Interesting  task  04 
perauading  twenty  different  companies  that  il  trill  no4  be  "  lo  ibeir  detrinKni" 
to  do  lo.  • 

The  Nkw  Vokk  law  <iaS4)  provide*  thai  the  requirement  of  a  full  stop  may 
be  dispensed  with  whenever  the  Board  o(  CoRiiniMionera  "decide  It  to  be 
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)mpTaciiciit>le~  or  where  "  Intctlocking  airitch  and  tignal  appannis  i*  Mlopied 
■nd  pui  in  use  liy  ili«  rkllromls  (h«re  crotsInK  each  otber  at  a  level,"  of  a  la«n 
approved  by  the  Boaid. 

Illinois  pas.ipcl  ihraugh  one  hcuie  In  i8S6aii  act  e**efiUalI)r  ■ImlUr  loihM 
nf  New  Yofk.  which  was  cxpffctcd  to  becoffle  b  law  at  the  following  MuioB. 

1108.  1 1  IN  exsjr  lo  ace  how,  under  amy  of  lb«i*  laws,  a  manjcer  alwropUng 
kn  itood  (ailh  lo  bcacfil  his  cooipiiny  and  benelii  th«  nMd»  ^fosting  and  ibe 
public  »s  well  hy  petfccll<f  fair  and  cquliable  ainu)gcn>cnU  lor  tti*pen*in|;  wfib 
■top*  at  croMiiiBt,  Riit[ht  find  it  an  iinuiinn;  anil  almMt  bopatcM  laak,  and 
might  feel  compelled  (o  (^ve  it  all  up  In  illsf>ust  before  be  had  faitty  begun. 

1'he  difficulty  of  agrccmcni  It  precliicly  the  tame  a*  would  ci4si  In  citloa  B* 
Topecti  pKrty-wHlU.  without  ih«  law  which  auiborites  asf  raaa  to  build  hall  bit 
wall  art  hi*  nei^-hbor's  land  and  compel  bis  neighbor  lo  paj  for  il  when  he  uk* 
it.  Th«  cqulLtct.  and  the  great  advantage  to  both  kides.  are  here  cxctcdlagljp 
clear,  yet  how  <ilicn  would  it  be  impotsibic  to  arraagc  the  niilier  if  It  couM 
only  he  done  by  mulual  consent  and  agreement  In  eai-h  case  ? 

1'h«  casic  11  worse  wilh  crossings  because  they  are  very  frequently  fo 
situnled  ibat  the  toint  content  of  three  or  (our  llnetr  i»  necoMary  lor  any  actio*, 
and  in  slill  more  JiitlanceK  a  great  pan  of  Uie  advantage  to  be  realucd  Itoo 
dispensing  with  any  one  croMlng  can  only  b«  obtained  by  dlspenting  with  a 
■criet  of  perhaps  a  duen. 

II09.  To  require  thai  gratle-crosxings  should  never  be  per- 
milled  would  iinqiicsiionsibly  he  going  too  f;ir.  especially  now 
Umi  intcrlockin;;  apparatus  h»s  bcirn  invented  and  perfected:  but 
\\\e  unresirictcd  frtcdom  wilh  which,  in  most  of  the  States, grade* 
crossings  c^n  be  forced  over  any  line  at  almost  any  point,  regard- 
less of  the  injury  infltcttxl,  is  an  unfortunate  and  shameful  slate 
of  lhing»,  which  pressingly  requires  correction,  and  which  per- 
haps might  readily  be  corrected  if  the  older  and  more  important 
railways  would  make  a  uiiiied  effort  to  secure  reasonable  and 
proper  resirictions.  Unfortunately  they  overreach  themselves  by 
askii>s;  far  too  much. 

1H0.  Th<^  theory  of  the  present  laws  is  a  very  simple  one; 
something  like  this : 

I.  "  Railways  are  a  supreme  public  necessity,  and  no  private 
interest  or  ownership  shall  be  allowed  to  stand  in  the  way  of 
their  cheap  and  easy  construction,       , 

1.  "When  two  railways  want  the  same  spot  of  grouitd  titey 
shall  occupy  it  in  common." 
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t'nfonufuiicly,  like  most  short  and  easy  cuti  la  justice,  it  is 
unequal  and  unfair  in  practice. 

Tlie  theory  of  the  great  existing  railways  is  equally  simple, 
and  would,  if  it  were  iiUowed  to  prevail  in  practice,  be  equally 
unfair : 

t.  "Our  railway  is  a  much  greater  public  benefit  than  these 
other  new  projects,  and  we  have  bought  and  paid  (or  our  prop- 
erty. 

I.  "If  they  want  to  pass  over  our  property  they  must  keep 
out  of  our  way," 

1111.  This  preposterous  attitude — from  corporations  whose 
very  existence  was  made  possible  only  by  the  exercise  of  the 
supreme  power  of  the  State,  and  whose  very  nature  is  to  per- 
form one  of  tilt  diilien  of  the  SlMle  to  the  public — is  all  but 
universally  assumed  by  cMablislicd  corporations  in  discussions 
of  crossing  cases ;  except  in  those  cases  when  they  wish  to  build 
branches  or  tidings  over  »  riv»r.<  road.  They  arc  very  quick  to 
point  out  that  some  new  line  c»n  build  ai^  over-crossing  for  less 
money  than  they  lose  by  a  grade-crossing,  but  they  rarely  oSer 
to  pay  a  reasonable  proportion  of  the  extra  cost  of  tlie  course 
ihcy  desire.  Even  whi^n  they  do  so,  there  being  no  reC(>gni2ed 
tribunal  to  decide  (he  matter,  they  will  higgle  and  chafTcr  over 
the  amount  to  be  puid  till  llic  whole  negotiation  goes  for  naught. 

1112.  The  solution  of  the  whole  matter  seems  comparatively 
'simple.  The  law  very  properly  lakes  the  position  that  mere 
priority  of  construction  shall  be  allowed  little  or  no  weight.  All 
railways  alike  are  supposed  to  he  of  pressing  necessity  to  a  cer- 
tain number  of  people — many  or  few,  as  the  case  may  be:  and 
the  necessities  of  even  a  very  few  arc  giv<5n  greater  weight  than 
a  loss  and  inconvenience  which  is  comparatively  trifling  to  eiich 
individual  afFcclcd,  and  can  only  become  vcr>'  large  when  dis- 
tributed among  a  large  number  of  people.  This  is  right  and 
proper  as  far  as  it  goes,  but  the  taw  should  also  take  this  furiher 
prccuution :  without  paying  any  attention  to  the  vested  interests 
concerned,  as  such,  it  should  endeavor  to  enforce  that  course 
which  is  /fir  the  btit  inttrttt  «>/  tht  (gmmumty  at  a  wMf,  and  which 
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involves  (he  least  aggr^giate  waste  of  tiutnun  labor  and  properljr; 
and  it  should  endeavor  to  distribute  the  cost  of  so  d<HD£  as 
nearly  UH  may  be  in  proportion  lo  benefits  derived,  and  in  sucll 
manner  that  eacli  parly  shall  be  benefited,  by  talcing  what  b 
abstractly  the  proper  coui-sc  All  this  might  be  obtained  by 
something  like  the  following  simple  provisions  : 

11(3.  1.  Every  railway  licrcaftcr  attempting  to  cross  another 
at  ^rade  shall  be  obliged  to  erect  and  pay  for  a  system  of  intrr- 
locking  signals,  to  be  thereafter  maintained  at  the  Joint  expense 
of  the  two  roads,  unless  it  shall  appear  that  less  than  twenty 
trains  per  day  pass  the  crossing. 

3.  Any  railway  may  at  any  time  erect  intcrlockin};  apparatus 
at  any  grade-crossing,  and  half  the  cost  of  erection  and  subse- 
quent maintenance  shall  be  chargeable  lo  (he  other  party  con- 
cerned, with  certain  provisions  for  exceptional  cases;  and  also 
provided — 

3.  Either  parly  wishing  to  avoid  ix.  grade  crossing  should  be 
at  liberty  to  locate  an  over-  or  under-crossing  on  unobjectionable 
gradients,  and  to  demand  the  appointment  of  arbitrators  in  the 
usual  manner.  U  should  be  the  duty  of  these  arbitrators, ^/-f/,  to 
determine  that  the  grades  and  alignment  of  the  new  line  are  of  a 
«uiti)ble  and  appropriate  character,  or  lo  make  them  such  ; 
teeendh.  to  determine  the  excess  in  cost,  if  any,  of  the  over>cross- 
ing  over  the  grade-crossing;  and,  thirdly,  to  assess  this  difTerrncc 
in  cost  upon  the  two  lintN  in  proportion  to  the  bcncAi  lo  each  of 
avoiding  a  grade-crossing. 

ItW.  These  three  provisions  seem  calculated  to  accomplish 
what  every  good  law  ought  to  accomplish.  They  would  make 
It  for  the  interest  of  bdth  parlies  to  take  that  course  which  would 
be  best  for  their  joint  interest,  if  they  were  one  corporation. 
Tliu.t,  supposing  a  new  road  which  will  run  say  five  trains  a  day 
wishes  to  cross  a  trunk  line  running  50  trains  a  day.  The  actual 
luss  lo  the  community  of  a  grade -crossing  at  such  a  place  is  the 
cost  of  stopping  55  trains  a  day.  and  no  one  has  a  right  to  en- 
force such  a  toss  upon  others  to  save  an  investment  of  a  few 
tlioiisand  dollars.     On  the  other  hand,  if  the  new  project  wanted 
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to  cross  another  minor  line  like  itself,  running,  say,  five  trains  a 
day,  neither  road  would  be  likely  to  move  for  an  over-crossing, 
nor  perhaps  even  for  interlocking  signals;  nor  is  it  for  the  interest 
of  the  community,  considered  as  a  whole,  that  they  should  do  so. 
It  is  not  true  at  all  that  every  element  of  danger  must  be  wholly 
eliminated  before  any  saving  of  expense,  however  great,  is  per- 
missible, but  that  methods  which  arc  at  once  more  dangerous 
and  more  costly  should  have  continued  in  such  wide  and  all  but 
universal  use  so  long  will  seem  in  later  years  a  strange  comment 
on  our  civilization. 
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TERMINALS. 


1119.  Terminal  facilities,  or  the  lack  of  ihcm.  have  so  maov 
times  been  a.  leading  (actor  in  the  success  or  failure  of  railwajrs, 
and  arc  in  all  cases  so  important  a  factor,  that  it  seems desiraoUe 
10  show  more  fuUy  than  has  been  yet  done  how  great  a  part  iney 
are  of  the  investment  ip  and  the  expenses  of  prosperous  line«. 
and  hence  how  dangerous  it  is  for  a  new  line  to  neglect  ample 
provisions  for  them.  This  perhaps  can  be  best  accomplished  In 
a  small  space  1>>'  presenting  some  details  as  to  the  terminal  facil- 
ities at  a  few  great  trafRc  points. 

inc.  Table  302  gives  an  unofficial  approximate  estimate,  com- 
piled by  Gratz  Mordccai,  C.E..  of  the  actual  capital  represented 
in  the  terminal  work  of  moving  and  handling  freight  bjr  the 
trunk-line  railroads  at  the  port  of  Xew  York.  It  includes  the 
work  of  handling  coal  on  the  Delaware,  Lackaw;inna  ic  Western 
Railroad,  biit  on  no  other,  and  only  includes  a  small  part  o(  the 
expenses  ol  handling  and  lighlcrxge  of  grain,  oil,  and  live-stock, 
and  none  of  the  expenses  of  clerical  work  and  management  oa 
any  of  the  roads.     It  may  be  summarized  thus  : 

BiHmaled  Cttt  »f  Ntn  Ytrk  Trrm»ai  FAtiBHtt. 

Opiut     Con       t>C. 

■^        V  of 

mllltaa*.     itm. 

300  mil**  inck a|io.oou       i.«      all 

378  acre*  ]r»nte - «    $9,000     kld 

s.a  nillioni  tq.  ft.  picra O       i.oo      s.s 

a.valiOiom  itq.  II.  Soor  Bm, ..■■9        ^'o       '■& 

ag9  millions  M).  IL  N.  Y.  citjr  ■utioo*. Ift       6lou      $.4 

6g  juA  «nK>n"(ca«t) .....A     ft.700      o.b 

44  propelten  (ton; A   is.ooo      i.i 

sy>  Ktbtcni  {tou) 0      9.000       a.i 

Total  iaTMimcai  cbargta j^o      1.1        3S.1 

4.7«oefnploT«*.... O^aperilaT  470      a.>a      5L» 

4SoiaM  coaj  per  day ■ 9k>  9'*'      *>-H 

Toul 91.0      s^ 
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The  only  direct  return  received  from  ihc  merchanu  by  these 
railways  for  thU  work,  the  plant  of  which  reprcMntk  an  aggre- 
gatv  capital  of  at  least  ^35,000,000,  and  the  power  snd  force  em- 
ployed an  annual  expenditure  of  at  least  $3,500,000,  are  the 
charges  collected  for  long-distance  lighterage.  There  is,  how- 
ever, a  considerable  fixed  terminal  charge  of  five  cetits  per  cwl^ 
more  or  less,  which  is  credited  to  the  terminal  road  before  the 
division  of  rates  tx  made  according  to  distance  (par.  110),  »<•  that 
the  roads  terminating  at  New  York  arc,  perhaps,  less  biirdcord 
than  the  average  by  the  terminal  expenses.  Assuming  6  per  cent 
interest,  this  estimate  shows  a  total  annual  expense  of  $5,500,000^ 
and  taking  into  account  clerk  hire,  management,  repairs,  taxes, 
light,  stationery,  insurance,  and  all  other  expenses,  the  total  is 
probably  not  far  from  $to,ooo,ooo,  or  an  average  burden  on  each 
roiid  of  $1,000,000  every  year. 

1117.  )(  we  include  the  terminal  expenses  paid  by  the  indi- 
vidual shippers,  as  well  as  by  the  railways,  the  above  touls,  lar^ 
as  ihcy  arc,  sink  into  insignificance.  It  was  estimated  in  1875 
by  a  committee  of  the  American  Society  of  Civil  Engineer?  that 
on  some  4.631,000  tons  of  the  freight  delivered  at  New  York  the 
total  terminal  expenses  were  $307  per  ton,  or  about  three  fifths 
of  the  then  rate  (35  cts.  per  100  lbs.)  from  Chicago  to  New  York. 
The  total  receipts  at  New  York  in  that  year  were  about  15,000.000 
tons  of  all  kinds  of  freight, and  on  half  of  this  the  cartage  charge 
alone  was  estimated  at  Si.tio  per  ton. 

Inasmuch  as  so  much  more  for  cartage  means  so  much  less 
available  for  freight  rates,  and  viee  rersa,  on  a  large  proportion 
of  the  freight,  and  more  or  less  so  on  all  of  it  (par.  47),  we  have 
in  these  figures  some  indication  uf  how  serious  a  deduction  the 
total  Icfminat  expenses  must  make  from  the  amount  available 
(or  railroad  transportation  proper,  and  how  imporUnt  it  is  to 
have  terminal  facilities  of  the  best.  New  York,  however,  is  a 
Inie  terminal,  in  the  strict  sense  of  the  word.  Some  of  the  ter- 
minal points,  which  are  realty  only  yards  of  interchange,  are  of 
even  greater  magnitude,  if  not  cost.  Lest  the  gre:  1  error  be 
fallen  into  of  assuming  that  the  terminal  facilities  at  New  York 
iire  as  much  greater  than  those  at  other  cities,  as  New  York  is 
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greater  in  population,  snmc  notes  may  be  added  as  to  what  is 
really  only  (lie  tuigest  of  many  examples  of  mtcrior  yards — lliose 
at  BulTalo,  N.  Y.  So  far  (rom  there  being  anything  exceptional 
in  ihc  New  York  terminals,  tticy  arc  prol>abIy  smaller  in  extent 
and  COM  per  head  of  population  than  at  most  important  tenni- 
nals,  and  vastly  smaller  than  at  a  number  of  them. 

Itia.  Tile  stutisiics  presented  inTiiblc  lojof  (he  yards  in  Buf- 
falo Ic.ive  no  reasonable  doubt  that,  uf  its  kind,  it  is  Ihc  greateiit 
in  the  world.  How  much  ol  Diis  abnormal  magnitude  is  the 
hcaltliy  and  natural  result  of  peculiar  traffic  conditions,  and  liox' 
mucli  of  it  is  mere  fungous  growth  from  diseases  of  management 
whose  existence  is  universally  felt,  it  would  be  useless  to  inquire 
here,  because  as  things  are  it  is  all  necessary,  and  there  is  no  im- 
mt-diute  evidence  of  any  probable  change.  The  headings  to  Ta- 
ble 303,  in  which  fourteen  different  kinds  of  side  tracks  are  spe- 
cified,  will  Ml  once  explain  in  part  why  so  much  of  some  of  them 
i»  necessary.  In  the  :iggrcgaie  there  is  a  tool  of  some  joo  milcK 
of  tide  track  within  an  area  of  some  eight  square  miles  (about  t^ 
by  5i  miles,  5  63  square  miles  being  nctually  owne<t  by  the  rail- 
ways within  the  city  limits),  which  it  is  expected  to  increase  in 
iho  near  future  to  some  450  to  500  miles,  mostly  by  accessions  to 
the  trackage  of  the  newer  lines  entering  UufTalo,  and  required  by 
them— as  will  be  seen  by  the  detailed  tabic — to  afford  10  them  no 
greater  facilities  than  the  older  lines  already  enjoy.  The  lease 
of  the  West  Shore  10  the  New  York  Central  saved,  it  is  estimated 
(somewhat  liberally,  it  would  appear),  ttie  construction  of  as 
much  as  50  miles  of  track  which  would  otherwise  have  been  ne- 
cessary, but,  barring  that,  there  is— 

Mtlo. , 

SlBK>t  wack. 
Traicki  of  sU  kinds  in  city  limits  of  Buffalo  or  immediately  ad- 
jacent theicio - -tjb.I 

And  to  t>C  Iftid  by  the  new  rojidi  (chleSy)  noir  Imperlccdf  lap- 

pfitd.... i;6.a      6t2.t 

Of  ihl«  there  i«  main  Iratt,  incliuling  three  double-tiac'k  line* 
ininitlng  uround  Ihc  ciiy  In  a  connection  wiih  the  Inictno- 
liviial  Brldse ISS-l 

And  projectml  (ininor  cxiendont) j.j        ifio.S 

Leaving  a*  side  track 451-3 
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Of  ihe  main  inck  a  ooafiderabtc  ponion  Is  only  aomInal1<r  nuin 
liMk.  tiui  [caUjr  more  la  ihc  nature  of  track  (or  ya<d  um 
only,  wbkh  miijr  be  minuted  u  >t  Icmi sao        sao 

(Maid.)  (SMc.) 
LcflTliig  ai  the  (rue  propoitiona  of  main  track  and  *ldc  track,  »• 

lual  and  projccKxl iro.B  301.3 

0(  nhi<h  Ihcrc  writ*  lalJ.  Oefoljrr.  i9S4. 109.3  J16.S 

And  ptoiTtUil,  ■  contiilciabk  (raciiun  of  nrbkl)  hu  since  been 

ta^          tun>lri*cl«d t.S  174.3 

■        Ittp.    H  we  compare  this  with  the  figures  for  the  yards  of  New 

f  York  City,  us  given  in  Tabic  303,  wc  shall  have  a  better  idea 

o(  tlie  magnitude  of  the  BufTalo  yards.    The  total  miles  of  track, 

^maln  line  and  sidings,  at  the  two  points  compare  as  follows  : 
NewVork    Ogtota 
jracil*.         r*rdi. 
h'ow  Vork  Cenir&l '   aS         ijt 
Erie 4q  110 

Lackawanna 50  (ij 

Wcsi  Shore  (And  Ont.  &  West.) 34  33 

PcnnBjrtvanIa , 39 
Other  roads ■■..>■.•■.>.. 77 

■  Tflul 30O         4]6 

It  will  be  seen  that,  with  all  the  immense  traffic  of  Netv  Vork, 
(here  is  less  than  tialf  as  much  track  at  New  Yo(k  as  ut  Buffalo. 
In  the  yards  of  Boston  there  are  150  miles  of  side  track,  on  568 
acres,  with  36  acres  of  buildings;  the  total  side  (rack  on  all  the 
nine  roads  centring  there  being  765  miles  for  a  total  of  814  miles 
of  main  line. 

I  1120.  The  New  York  tracks  are  also  different  from  those  at 
Bufldlu  in  not  being  all  bunched  together,  so  as  10  be  in  fact,  if 
not  in  form,  one  vast  yard,  whose  ditTerent  parts  are  constantly 
interchanging  business  with  each  other.  The  New  York  yards 
arc  miles  apart  from  each  other,  and  have  comparatively  the 
most  insignificant  interchange  relations.  Most  of  them,  in  fact, 
could  be  most  fairly  compared  with  the  thiriccntb  class  of  Bufialo 
side  tracks,  those  for  "local  city  freight"  alone,  of  which  there 
are  in  BuCTalo  zo}  miles,  with  as  much  more  projected  ;  for,  at* 
though  there  is  a  very  large— in  fact  immense — coal,  steamer, 
and  stock-yard  trafKc  at  New  York,  as  well  as  the  usual  shop 
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and  coaling  tmcks,  yet  the  business  of  Mew  York  is  carried  on 
under  such  diflerent  conditions  Trom  tliat  at  BuOalo  th«l  llie 
same  traffic  requires,  as  is  apparent  from  t)ic  figures,  several 
limes  less  track  room.  For  example,  there  arc  39  miles  o(  shop 
and  coalinft  track  ut  Buffalo,  and  35  miles  more  projected,  of 
which  the  New  York  Central  and  the  Erie  have  each  some  ij 
miles,  which  (without  being  able  to  present  the  exact  figures)  is 
undoulnedly  several  times  greater  than  the  sjime  roads  have  (or 
the  same  purpose*  nt  N'ew  York,  the  reason  being  that  sick  and 
wounded  cars  from  all  over  the  continent  (end  to  accumulate  at 
Buffalo,  while  ihey  are  kept  away  from  New  York  so  far  as  pos- 
sible. The  same  contrast  is  visible  i»  the  16  miles  of  transfer 
tracks  at  Buffalo,  which  it  is  proposed  to  double  ;  and  the  enor- 
mous aggregate  of  87  miles  for  the  direct  use  of  trains  from  the 
East  and  West  and  Canada,  and  for  distributing  Wesi-hiunit 
freight  (columns  3,  4,  5.  6.  7,  Table  J03).  to  which  it  is  proposed 
to  add  over  40  miles  more,  mostly  by  the  newer  roads,  is  in^ 
itself  something  for  which  there  is  no  very  exact  parallel  in  New 
York,  either  in  quantity  or  quality,  although,  of  course,  the 
mileage  devoted  i«  similar  uses  is  very  great. 

1121.  The  same  contrast  exists  to  an  even  larger  extent  in  the 
areas  of  land  occupied  in  the  two  cities,  which  compare  as 
lows : 

In  New  York,  land 3;r8  acres. 

Picre S    " 

3«3  acres. 
In  Butiulo,  land 3.600  acres. 

Land  in  Buffalo  is,  of  course,  a  very  difTercnt  and  much 
cheiiper  thing  than  land  in  New  York,  and  this  area,  moreover, 
includes  several  hundred  acres  of  what  is  more  properly  main- 
line  right  of  way,  not  properly  chargeable  to  yards.  But  after 
making  all  allowance*  in  ihis  respect,  the  immense  proporiion- 
;iic  magnitude  of  the  Buffalo  yard,  due  to  the  nature  rather  than 
to  the  absolute  volume  of  the  business  transacted,  wbich  makesj 
Buffalo  a  point  where  innumerable  side  tracks  naturally  accumu- 
lute,  is  clearly  indicated. 
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1122.  While  Buffalo  seems  to  be  far  ahead  of  any  other  one 
point  in  its  yard  facilities  proper,  yet  that  it  is  only  the  leading 
example  of  a  general  tendency  may  be  indicated  by  the  figures 
Itivcn  in  Table  304  of  the  tout  »ide-lrack  mileage  of  the  roads 
enicring  there,  which  well  illustrate  the  immense  aggregates  of 
^\i.A  track  which  even  ordinary  yard  demands  produce.  There 
seems  lo  be  what  might  almost  be  called  a  rude  law,  thai  trunk 
lines  proper,  as  distinguished  from  roads  of  the  next  gr^de 
below,  will  have  at  least  as  much  side  track  as  the  length  of 
their  main  line.  Thus,  the  Boston  &  Albany,  in  addition  to 
being  somewhat  more  than  double- tracked,  has  almost  exactly 
this  amount  of  sidings,  viz.,  J03.1  miles  against  101.6  miles  of 
main  line.  Exceptions,  no  doubt,  exist;  but  Table  304  indicates 
that  the  assumed  "  law"  has  at  least  some  foundation  in  facL 


Table  204. 

MlLBAOl  OP  StOINOS  St  THS  AoaRBOATB  AXD  AT  BuPFALO  AND  NEW  VoitX. 

OM  T»x  Lkamkc  Li.tes  ii.-ncu<cc  Bv^rvAt^. 


Mala 
Line. 

Uii.n  0*  Sisinw. 

PnC*al 

BulUla 

N.  V, 

EUc- 

Towi. 

Sidtnct 

it, 
Bulblo. 

New  York  CcntrKl. . . 

443 

S40 

0.3 

iS.o 

418.9 

SM-7 

511.0 
549  0 

174 
■6.9 

983 
460 
413 
43'> 
313 
436 

5" 

103.4 

77-3 
30. 8« 
ii>,o* 

49' 
16. 3» 

3-5* 

.... 
49.0 
SO.o 

34.0 

9S8.6 
430.8 

443,3 

tScj.O 

4S.I 

91.7 

85-9 

1,090.0 
!S7-o 
533. 0 

148.0 

S3-0 

143.0 

S9.0 

9S 
13.9 

*  «  >  • 

W  Eri* 

R.  N.y.  ftp 

Rocbnter  ft  Pliisb'B- 
Wcci  Shore 

N.Y.,C,ftSi.  L.... 
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■  TbM*  nitili  hare  oompkMd  \m»  Uuo  one  half  sf  iLeir  ptopoaad  SuJIalo  niliaEt. 

The  immense  aggregate  of  capital  expenditure  represented 
by  these  aggrcgateit  of  side  track,  and  the  still  larger  capital 
Eum  represented,  by  the  annual  expenditure  to  "operate"  the 
side  tracks,  arc  plainly  factors  in  the  future  of  new  and  old  lines 
which  can  never  be  safely  forgotten. 
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1123.  It  U  csitmated  ibat  fifieca  miles  alone  of  tbe  tocai 
track*  at  Buffalo  bave  cost,  or  would  ctmI  to  TvpUce,  (250,000 
per  mile,  or  $3,350,000,  this  panicutar  fractioB  o(  the  local  tmcik- 
age  being,  a»  is  r>ficti  necessary,  on  rxceplionaliy  expensive  Uad. 
where  it  is  readily  salable  at  S300  to  $500  per  foot  ftuni.  Tbe 
railways  own  strips  varyint;  from  60  to  loofLdcep^aod  on  them 
afe  l<iid  three  to  five  tracks,  giving  the  followiag  estimate  for  fiMr 
tnlles  of  track: 

(iXoft.  erf  Und  ai  $:so  per  front  loot ^^.^o.'Oja 

PLinkintc.  60  xj^^  (Lxj  111.=:  lojo  M.  h.,or  wiih  Mb-9Bb 

i2w>M.It  ai  (8  CM ai.fioo 

GnHliAK- avcr^inj;  3  II.  deep  at  3;  ds.  per  CO.  jrd        lUjv 

4  miles  ol  track  di  96000 ...         7|,«^ 

„        T**",'       V •' J77.35« 

Per  mile  ol  track , 344.}^ 

Add  fur  appTuacbe*  of  paved  streets,  paring  many  of  the 

tracks  theauelves,  and  incidentals $,6fio 

Total  per  mile $3;q,ooo 

We  need  not  attempt  tlte  difficult  task  of  estimating  the  total 
exactly,  but  (or  the  other  items  :  At  $10,000  per  mile  tbe  300 
mile?  of  side  track,  mote  or  less,  in  the  Buflalo  yards  represent 
$3,000,000.  At  $5000  per  acre  for  tbe  3600  acres  of  land  owtKd- 
anil  used  for  railway  purpose*,  the  capital  invesimeol  would  be 
$18,000,000.  The  shop  facilities  alone,  with  the  tr,ick»  lor  their 
use.  represent  $^000,000.  Vastas  these  sums  appear  and  are.  tbe 
interest  uii  them  represents  but  a  small  part  of  the  adilitiun  to 
the  cost  of  haulage  which  tbe  terminal  facilities  cause,  and  still 
less  is  the  bare  trackage  required  any  fair  criterion.  This  will 
be  clearly  indicated  by  referring  buck  to  Table  103,  where  it 
will  be  seen  that  at  New  York  the  bare  cost  of  the  Ir^ck.  ettt- 
mated  at  a  very  liberal  figure,  and  exclusive  of  land,  amounts  to 
but  J.3  per  cent  of  the  total  cost  of  yard  work,  and  that  this 
totiil  is  us  great  a  tax  upon  the  five  lines  concerned  as  if  tbey 
had  $91,000,000  invested,  say  in  three  thousand  miles  of  idle,  un* 
operated,  and  tolerably  costly  railroad,  at  $30,333  per  mile,  on 
which  ihey  had  to  pay  interest,  but  which  contributed  nothing 
10  revenue. 
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1194.  Noiliing  «(|ijal  to  tlits  in  degree  exists  in  Buffalo,  but 
the  analogous  tax  at  Dial  point  is  very  great  indeed,  and  is  in  ad- 

'  iitien  to  the  New  York  tax,  as  is  likewise  the  yard  tax  at  Chicago, 
itnil  all  other  intermediate  points.  Therefore,  vast  as  is  the  tax 
of  maintaining  within  ihc  city  limits  of  Buffalo  enough  track 
for  local  purposes  only  to  build  a  new  tine  to  New  York,  that 
direct  expenditure  is  but  a  small  part  of  the  total  burden  rehire* 

'  scnicd  by  those  facilities,  even  if  a  many  limes  larger  part  than 
at  New  York,  as  nn  doubt  it  is. 

At  no  other  point  in  this  countr}'.  not  even  at  Chicago,  do  so 
many  conditions  combine  to  bring  about  such  abnormal  growth, 
and  the  same  is  still  more  true  of  even  the  largest  cities  of  the 
old  world.  BuHalo,  therefore,  although  outdone  by  many  other 
cities  as  a  traffic  point,  will  doubtless  conlintie  to  be  the  greatest 
yard,  properly  so  called,  in  the  world,  even  after  ttiat  consider- 

,  able  fraction  of  its  trackage,  which  is  vvitli  reason  felt  to  be  due 

ko  profligate  and  discreditable  imperfections  of  management,  has 
been  done  away  with.  But  its  interest  for  our  immediate  pur> 
poKC  lies  in  the  fact  that,  large  as  it  is,  it  is  only  the  largest  out- 
growth of  universal  tendencies;  and  that  road  which  attempts  to 
compete  with  another  without  having  approximate  equality  in 
such  terminal  facilities,  competes  on  about  as  favorable  terms 
as  it  would  in  crossing  a  river  by  some  new  bridge  in  which 
tivery  span  but  the  last  had  been  built,  and  was  of  very  superior 
quality. 

Much  smirr  uiiii*  have  been  ipcni  <n  Europe  than  ber«  In  buildini;  tiiiion* 
In  ihc  ttailc  centres  ol  citict  cio»e  to  the  n-archouMt  hiiiI  nhulesale  Morei.  In 
livrtpool  ((loo.noo  inhobitanis),  the  London  A  Narihvreilcrn  Railway  up  10 
iSSl  had  pxp«nilH  ^.joa.oon  in  providing  frelfthi  ciailima  alone.  In  London 
li  bad  expended  (ii.ioo.Ooo>  Inicietit  at  ihe  tatc  of  .|  per  cent  on  (he  cual  ai 
lhr«('  uaitAns.  Ie»  rem*  received  for  warchouaen.  etc..  amounied  at  Liver|xiol 
to  14.(1  cents,  anil  m.  I^ondon  10  J3  ceat*  per  ton  of  freight  handled.  Tliui;  ibe 
mere  payment  of  iiilerc«l  »n  the  terminal  facihilei,  excluding  any  charice  fur 
handlioK  the  freight,  would,  on  a  haul  ftom  Liven>oo1  (o  London,  amount  to 
ifi.b  cent*  per  ton.  or  Dearly  \  cent  per  ton-oiile.  Theie  fiK"res  do  n«t  include 
tbe  coit  of  coilectins.  distributing,  and  wvtling  sidingi,  of  which  there  are  ]B 
mtte*  nt  Edgehilt  (LtverpiKil),  and  propoitiooaie  lengthf  at  other  p1*i:et.     The 
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London  &  Norlhwesiern  is  in  no  waj  exceptional  in  this  respect  among  the 
great  English  railways. 

The  total  actual  average  cost  of  loading  and  unloading  freight  per  gross  ton, 
eiclusiFG  of  interest,  was  given  as  under  for  the  year  i8So,  at  the  followia; 
places  : 

London 70.icents. 

Manchester 41.0    " 

I  Birmingham 34.0     " 

Liverpool 39.4     " 

This  total  cost  includes  everything  incidental  to  carrying  on  the  business  of 
the  station,  but  no  charge  for  risk,  breakage  and  pilferage,  or  for  cartage. 


PART  V. 


THE  CONDUCT  OF  LOCATION. 


"O,  what  a  precious  book  (he  one  would  be 
liutt  laughl  observer  what  thcr're  nal  to  seel" 

— O,  W.  HoLUEs:  A  Rhymed  Lisaam, 
*'BOBX  iniiigi  can  be  done  u  well  as  others."— Sam  Patch. 


PART  V. 
THE  CONDUCT  OF   LOCATION. 


CHAPTER   XXVII. 

THE    ART    OF    RECONNAISSANCE. 

1125.  An  art.  as  distinguished  from  a  science,  is  something  which, 
although  it  in  part  can  be  taught,  yet  cannot  be  written  down  in  definite 
fixed  rules  which  have  only  to  be  followed  with  exactness.  A  science, 
correctly  so  called,  however  difficult  or  intricate  it  may  be,  is  always  in 
its  nature  susceptible  of  rigorous  and  ezact  analysis.  An  art  is  not. 
Thus  we  may  speak  with  strict  propriety  o.f  the  science  of  bridge-build- 
ing, but  only  of  the  art  of  reconnoitring. 

Nevertheless,  just  as  there  is  no  scientific  branch  of  the  practical  work 
of  life  so  purely  a  science  that  it  is  possible  to  dispense  with  a  certain  apti- 
tude and  tact  which  is  outside  of  and  beyond  written  rules,  so,  on  the 
other  hand,  even  in  what  is  so  purely  an  art  as  discerning  the  physical 
possibilities  of  a  given  region  by  the  aid  of  the  eye  alone,  certain  general 
rules  and  cautions  will  greatly  diminish  the  danger — which  often  rises  to 
certainty— that  without  such  aid  an  inexperienced  engineer  will  fail  to 
discern  the  possibilities  which  lie  right  before  him.  and  reach  wholly 
mistaken  conclusions  as  to  what  he  can  and  cannot  do  with  the  region 
before  his  eyes. 

1135.  For  there  is  nothing  against  which  a  locating  engineer  will  find 
it  necessary  to  be  more  constantly  on  his  guard  than  the  drawing  of  hasty 
and  rnfoundcd  conclusions,  especially  of  an  unfavorable  character,  from 
apparent  evidence  wrongly  interpreted,  if  his  conclusions  on. reconnais- 
sance are  unduly  favorable,  there  is  nu  great  harm  done —nothing  more 
at  the  worst  will  ensue  than  an  unnecessary  amount  of  surveying;  but 
a  hasty  conclusion  that  some  line  is  not  feasible,  or  that  further  improve* 
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incnts  in  it  cannot  be  made,  or  even  sometimes— olicn  ver>'  absurdly— 
that  no  other  line  of  any  kind  eniits  than  that  one  which  ha«  chanced  to 
be  discovered— tlicsc  arc  error*  which  may  hare  diiastrou«consc()uencn. 

On  this  account,  if  for  no  other,  the  locating  engineer  ahould  culU- 
vatc  and  liabitually  preserve  what  may  be  cnlled  an  optimistic  habit  of 
mind.  He  should  not  allow  himKrlf  to  enter  opon  hi*  work  with  the 
feeling  thi.t  any  coiinir)-  is  seriously  ditBcult,  bot  ruiher  that  the  proUcm 
before  hini  is  simply  to  linil  the  line  which  undoubtedly  exists,  and  ihat 
he  can  only  (ail  to  do  so  from  lome  blindness  or  oversight  ok  hb  own, 
nhich  it  will  be  hii  business  to  Kuard  against. 

I137i  'Hie  chance*  arc  greatly  in  favor  of  his  ultimately  finding  llii* 
assumption  to  be  correct.  Occasionally  he  may  be  deceived,  but  tlie 
young  and  inexperienced  engineer  cannot  proceed  on  a  safer  hypothesis 
than  this:  Thai  however  forbidding  the  region,  a  line  exists  which  it 
con«{>icuouMy  better  than  any  Otllcr.  and  which  will  In  all  cases  be  fmind 
to  bc^in  comparison  with  what  wa&  expected— a  line  cheap  to  build  and 
cconomicjil  to  operate :  and  that,  on  the  other  band,  the  line  which  he. 
as  an  inexperienced  man  and  acting  without  special  training  for  ibe 
work,  will  be  likely  to  first  select  as  ihe  best,  ia  peitiaps  twice  an  cosily 
in  Tiret  cusi  and  considerable  less  favorable  in  gradients  and  operating 
value  than  that  which  he  can  secure  by  greater  care,  attention,  and 
study.  .'Mihuugh  this  may  seem  a  sweeping  general iation.  it  U  so  niuir 
a  gejieral  average  of  prob^biiiiies  in  both  easy  and  difficult  country,  ihat 
in  J  rudf  way  it  may  be  iri§«uiTicd  3»  iniih. 

1138.  For  the  reason  that  there  <s  so  much  danger  of  radical  error  in 
lk<  itlttliiiH  of  Iht  lints  to  U  sitrvtytd  (or,  rather,  of  tlie  Ime*  not  to  be 
examined),  it  results  that  TtiK  wokST  KUkoks  or  location  gf.merallv 
ORloiNATK  IS  TiiG  Keco.v.<{Ai»8AKCC.  This  truth  oncc  grasped,  the 
greatest  of  iill  dangers,  over-con lidcncc  in  one's  own  infallibiliiy,  is  re- 
moved, 

112*.  The  most  fundamentally  imfiortani  technical  qiialilkaiion  for 
entering  upon  the  reconnaissance  is  an  understaniling  of  the  economic 
questions  oon«tderetl  in  the  lim  parts  of  this  volume.  cspcci»lly  as  to 
what  a  railway  should  be  from  a  business  point  of  view.  »nd  what  the 
relative  importance  is  of  engineering  'or  geometric)  and  commercial  ex- 
cellence :  for  it  the  engineer  cannot  correctly  di^ttingui.tli  between  the 
finandally  important  and  unimportant. as  well  a*  between  the  practically 
feasible  and  ihe  practically  impus^^ible.  he  will  be  dmost  as  liable  to  go 
astray  us  if  he  were  physically  blind,  by  omitting  to  examine  as  worthless 
the  very  possibilities  which  he  should  look  into  most  carefully.    It  tol- 
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lows  alio  iliai  la-  should  be  well  posted  ss  to  the  relative  codt  and  dilfi- 
Ities  of  construction. 

1130.  Tl>e»e  qua! ifl':at tons  being  presupposed,  before  b^inniiig  the 
rcconnaisKince.  as  wdl  aa  during  It  and  ader  11.  the  nature,  extent,  and 
pruliiible  source*  o(  the  traffic,  and  especially  of  way  traDic,  shoukl  be 
Ciirefutly  looked  into,  as  a  consideration  which  will  be  oficn— it  mi(;ht 
iiliH'jst  be  said  usually — so  impoftant  as  to  fix  the  ^ncral  roule  in  de- 
spite of  quite  important  engineering  disadvanugcs.  The  small  cHect 
on  profit  and  loss  of  even  considerable  dlttcrcnccs  of  digtaiKc.  and  tlic 
small  ciTcrc  on  distance  of  even  considerable  and  "ugly"  sverves  from  a 
straight  Imc.  may  well  be  especially  studied  up,  not  to  make  one  reck- 
Iras  ot  sacTilicing  riisinncc.  but  to  enable  one  to  sacrifice  it  and  save  it 
tntclllgently. 

1131.  On  the  other  hand,  the  engineer  should  with  especial  care  dis- 
abuse  his  mind  of  the  very  natural  feeling  that  what  may  be  called  lii.t 
own  pani<^uUr  and  rspccial  department— gcttinj;  a  cheap  line  to  sub> 
BTade— is  of  much  relative  importance  to  the  future  of  the  company.  He 
should  remember  thai  it  requires  a  coniinuous  cut  or  fill  of  about  7  feet, 
orsay  an  average  maximum  cut  or  fill  of  10  to  11  feet,  with  its  ordinary 
axTompanimentu  of  masonry,  to  equal  the  cost  of  superstructure  ready 
for  operation:  that  the  total  investment  for  rolling-stock,  machinery, 
buildings,  and  mi«ce1l.-irieouK  purposes  will,  on  a  line  ol  active  tralTic, 
very  nearly  equal  that  for  road-bed  and  track  complete,  and  that,  Tinally, 
and  more  important  than  all.  the  interest  on  tlie  total  de-fteto  invest- 
ment lor  all  purpose!  rarely  absorbs  more  than  from  one  sixth  to  one 
fourth  of  the  gross  revenue.  Broadly  speaking,  therefore,  we  may  say 
in  general  terms  that— 

To  incre^ise  gross  revenue  J  we  may  double  the  irhole  invo^traent. 

^  "  cost  of  road>bed  and  tnick. 

"  "  ^  "  "     gradingand  masonry. 

These  percentages,  of  course,  are  subject  to  important  fluctuations,  but 
the  fact  still  remains  in  all  cases  that,  for  obvious  reasons,  the  tendency 
of  an  engineer  ts  to  concentrate  his  attention  unduly  on  the  work  below 
sub-grade. 

Il33t  Asa  more  direct  qualification,  the  engineer  should  prepare  him- 
self as  carefully  as  possible  to  form  reasonnbly  acairate  esiimaies  of  the 
probable  cost  of  the  work  per  mile  on  various  lines  and  grades.  The 
faculty  of  making  tolerably  close  approximations  of  this  kind,  assisted 
by  the  eye  alone,  is  ool  so  very  difficult  to  acquire,  but  can  only  be  gained 
S3 
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by  careful  observation.  The  best  niiinocr  of  cbiainit^  it  is  by  ntXing 
the  |"(?ncral  appturance  o(  as  many  linca  a.i  poMilile,  either  t>ciH>rF  en 
after  ilieir  coniptciiuit.  und  ihen  cumpurmg  u  g^e^»  iMued  on  this  u|>pear- 
ance  with  the  actual  cost  or  qtmntities.  ExpericiKrcd  coniractors  cut 
gue^s  ill  this  way  within  a  ver>-  small  percentage  of  how  many  yards  per 
mi^e  a  given  piece  of  work  will  run.  The  engineer  should  t>y  previous 
practice  and  study  have  at  least  so  far  perfected  liinisell  in  this  art  as  to 
have  some  idea  as  lo  his  "  personal  equation"  or  probable  range  <A  error. 

1133.  The  darigcr  with  moKt  young  and  inexperienced  engineers  in 
making  e«timatci  ot  the  cott  of  wort:  is  decidedly  that  they  will  make 
too  small  csiimntcs.  influenced  by  a  natural  hope  and  anxiety  to  tlior' 
good  fcsulLi.  Hut.  on  the  other  hand,  there  arc  M>me  who.  cspcci.a1ly  in 
preliminary  cMimates.  go  to  tbe  other  extreme.  Ju«t  as  it  is  the  mark 
of  an  untrained  engineer  to  make  estimatcx  too  low,  !ia  it  ii  the  mark  i 
a  half-trained  man  to  persistently  make  estimates  too  high.  e»pecia1ly  on 
work  involving  didlcult  or  doubtful  points,  which  it  may  be  in  qucMio 
whether  to  attempt  at  all:  a  practice  which  some  of  them  adhere 
through  life,  from  an  idea  that  they  arc  being  thereby  more  prudent  an 
"practical."  Each  error  is  equally  discrediinblc  An  estimate  «houl<^l 
lean  in  the  dirt^rtion  of  cjcr^ss,  but  a  moderate  error  in  either  direction  it 
a  par<ionablc  fault  Ipar.  ;i). 

tlSf,  To  these  qualilicalions  ix  to  be  added — not  by  any  means 
least  imp^irtant.  but  as  last  in  order  of  importance,  if  tbe  intended  dis 
tinction  can  lie  grasped — ^what  is  generally  known  as  an  ""eye  for  connJ 
try."  the  nature  and  im[K>rtance  ol  which  lias  already  been  considered  .i 
par.  i8.  Such  rules  and  cautions  for  acquiring  an  "  eye  for  country  "  , 
can  be  commiiicd  to  paper  (which  are  not  a  few)  will  be  given  in  tlie  fol- 
lowing chapter.  The  fundamental  r\ilc  is  lo  have  an  abiding  conviction 
iliai  a  much  better  line  than  at  lirst  sight  appears  can  be  found  by  open- 
ing one's  eyes. 

1139.  Undertaking  &  reconnaissance  with  a  reasonable  measure 
these  qualifications,  it  will  require,  often,  nothing  more  than  careful  ob- 
servation and  one  or  two  irlpK  over  the  line  to  definitely  determine 
once  for  all.  which  is  tbe  proper  general  route  to  adopt,  and  so  save  i 
neccnity  for  running  any  duplicate  lines  whatever  except  for  tbort  alicr-' 
nate  sections  uf  3.  10.  30.  or  30  mile«,  which  are  almost  always  necessarr 
SI  points,  and  which  may  be  called  matters  of  detail.  It  would  l>e  d.m- 
gcrnus.  perhaps,  to  stale  that  it  is  a  general  rule  that  only  u«ie  line  «i1l 
need  actual  survey,  but  the  writer  s  experience  is  that  this  is  far  more  often 
true  than  not,and  that  il  is  true,  perhaps,  of  a  larger  proportion  of  heai^. 
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liocA  tbtin  oi  litjlit  lines.  When  all  tti«  traffic  iind  IniniiKKK  conM<tcrH- 
IJuiiii.  ii»  well  iu  engineering  dillcrences,  have  been  duly  coiiMilrrrH.  the 
trtiicr  \\iV*  never  known  an  insiance  where  there  scemeil  the  «lit;>iic-<i 
need  (o  .survey  more  thuit  Iwo  general  routes  iiUhnu^h  mkIi  iiiM^nces 
may  rcII  uccur.  In  any  vxok  ilie  ruconnuiiMaiice  sliuuld  be  iromliicteit 
dtirsyit  with  as  louch  c^rc  as  il  il  was  expected  to  make  by  its  ricuiii  « 
iai*\  election  ol  mule. 

hi  conducting  tlic  reconnaissance,  while  individual  habits  of  inirid  no 
doutA  ditlcr  cic-^^tty,  mid  wtili  them  the  direction  in  which  cnor  is  niost 
to  Ik  (cared,  the  foilowioi;  ruk:t  mid  r^iiitions  nrc  believed  to  be  of  unt- 
Tcml  application,  the  fmi  one  copcciiitty  being  fundamental : 

1I34>   I.  Tlir  RKOSXAISSANCK  MUST  KtVT  Bit  OF  A  MXB,  BUT  OK  AN 

AMA.  includint;  at  at!  times  in  the  mind  as  wide  a  belt  on  each  >iflc  of 
■D  ail  line  betw'cen  the  two  lixed  termini  ax  theic  ix  t)ie  remotrst  pos- 
sibility o(  the  lines  teaching  to:  "remotest  puviibiliiy"  lieinK  considered 
for  the  lime  bcini;  a«  only  boun<led  b)'  vume  marked  and  decisive  top9> 
^■graphkal  feature  or  trsflic  centre. 

^1       Thus,  in  recoil ni>i It injc  a  pra|io»ciI  line.  AB.  Pijc.  3M1.  siippostd  to  be  about 

^P  too  milen  long,  v«  may  reasoRably  lake  the  valley  line  f '  lo  the  righi.  or  the 

H  loito  C  to  ibe  IcO.  >i  die  lateral  lioilli.  but  nothing  lest  than  (his.  and  the 

V  wbolc  *r»a  between  ibcm  should  be  siudieil  a»  «n  area,  and  a  lopoKiitjibiral 

■nap  "  in  ibe  minil'*  «ye"  made  ot  il  all :  exact  comparative  knuBlcd|[«  of  all 

llie  varioc*  puMs  and  oiher  KOTcraing  points  being  obulncd  on  lecoDoatt- 

■ance.  or  by  siibatqiHitl  *uf  v«y  or  spur-tines. 

■  Tbi*  simpic  ru'.e  is  one  rarely  lhoii|{hi  of  or  acted  i>n  until  repealed  Iiluniler* 
JiBTe  enfoned  it-  Error  it  panicularty  liable  10  follow  from  ncgleciinit  (>.  is 
will  l>r  shnirn  lalrr  by  n  few  examples  from  {>ractice.  Wc  Ta3.v  •H.-tyXwyei. 
bat  <>>e  muai  never  reconnoilre  them.     If  wc  do,  it  is  not  a  rcconnsiisaiicc. 

1137-  :-  AI)prcpos»cssion:t  infavorofanyparticularliiiciniist  bcaban- 

^doncd.  especially  in  favor  of  that  line  which  seems  most  obvious.    The 

'  Importance  of  this  is  too  obviotis  to  need  dwelling  on.  yet  it  is  one 

ibing  to  admft  it  In  theory  and  rgiiiic  another  10  do  it  in  practice.     Not 

to  do  so  is  A  dangerous  and  frequent  error. 

1136.  J.  A  tendency  lose*  with  undue  cleameM  the  merita  of  i.ISes 
LYiMti  CLOHE  TO  iiicitwAV!;  or  ihe  more  settled  and  open  distiku  must 
I  be  i:arefully  guarded  asainsi.    This  is  another  dangerous  and  (re<iuent 
•error,  which  is  ^^Iways  imminent,  partly  because  it  seems  too  obvious  a 
danRCT  to  be  a  real  one.    The  writer  now  recalls  no  less  than  thirty  in- 
stances, some  ol  theni  of  the  first  importance,  in  which  the  deceptive 
ireniencc*  ~4  highwa)-5  aloQC  were  re^wnaiblc  (or  serious  error,  as 
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in  ih«  instance*  of  Cltapter  XXIX,  and  Appendix  C  Allied  lo  the 
above  arc : 

4,  Lilies  hard  10  get  over  on  foot,  or  overgro»-n  with  ti(nt>cr  or 
tangled  undergrowib,  seem  infinite!)-  wrorac  by  comparison  than  tiiey 
really  are :  and, 

S-  Kd^Kcdnew  of  detail,  sharp  rocky  points,  steep  bluRs.  and  tlte  lilie.' 
vvert  an  cuiirely  undue  influence  upun  tlic  mind  m  compared  wlih  long 
ri'lling  slo|>c5  sprcsd  out  over  a  lonj^rr  di:«uncc. 

The**'  iwo  daogefs  uc  so  imminrni  where  ihc  eondlilon*  upeclfied  esUt  tt 
all,  as  ill  cunparmg  many  valley  lines  nlth  (Idee  line*,  ihai  tliey  will  be  tcpi- 
fatcly  diicuMcd  (par.  1163),  The  dluilvantsitci  ul  a  tuuie  (or  a  rajlvay  mtnt 
not  be  mcaxufed  by  its  ditaJranUge*  ai  a  fool-patb,  even  after  all  bnub  aftd 
ti'nsber  have  been  rvmuved,  yel  il  i»  bard  not  la  do  ti  to  lome  cxteni. 

II39>  6'  A  complete  meniiil  map  of  tlic  watcicourses  i^Mutd  be  made 

M  the  rcconnalssanc«  proceed*— sulliclcntly  csact.  at  least,  to  enable  tlie 

engineer  to  stale  posiiivcly  where  the  water  of  every  Mrcam  crossed 

joins  another,  niid  what  streams  tun  in  toeether,  until  they  have  passed 

-0&  die  limits  of  the  .\KKA  under  examination. 

Il  is  not  always  cunvenieiii  to  do  tliiw  for  each  sttvam  as  it  b  passed,  ritli- 
loat  landur  delay  ;  iiut  wherever  a  slieam  in  patsed  wiihont  damii  il.  lirrt.  it 
i.i/iti!.{  it  HotiJ.  is  a  ^^p  in  ikt  ititciiary  AnstelrJgt  */  lit  tfanity,  vhich  may  bo 
4laiii[eraus. 

A  tktieton  framework  (or  thl«  information  can  seneraliy  tie  obtained  troeo 
map*.  It  U  in  respect  to  the  minor  iircams  that  the  cauiion  is  pariicuIaH* 
tieccsMry.  and  it  Is  even  mote  important  10  adhere  to  it  in  the  cmootbcT  itua 
in  very  rough  country.     Neglect  of  it  often  carries  one  oil  on  a  false  tfack. 

1140.  7.  Fai.^i:  RUMMtT.s.  or  those  which  appear  to  interpotte  beiweeA? 
two  waicr-sheds.  when  in  reality  they  are  only  between  diderent  parts  oC 
the  tame  watcr-shcd,  are  very  liable  to  deceive  under  certain  circum- 
Stances.  The  latter,  fortunately,  do  not  often  occur;  but  when  tliey  do 
occur  the  deception  is  often  very  (lerfect.  introducing  an  apparently  im- 
passable obstacle  to  the  progresLi  of  the  line  which  is  only  apparent.  One 
of  many  reasons  for  the  preceding  rule  is  to  avoid  this  danger. 

See  also  ove.RLAPa  (par.  ii6t).  which  ace  a  kind  of  imafiinafy  fatse  stisunil 

1141.  S.  As  a  very  necessary  safeguard  against  error,  the  cngi 
should  MAKK  IT  A  KULK  to  invaHably  discredit  nil  iinfavorable  reports^ 
from  whatever  source  derived,  which  do  not  accord  with  what  he  expects. 

This  merely  meani)  ihni  il  he  has.  or  thinks  he  has.  any  reasonable  shadow 
oF  KTound  for  hope  that  rerlain  thincs  aic  posftibte  ai  eonirallinc  points,  he 
should  go  there  and  look  (or  himself  before  he  finally  ai>andoiH  iMfw.    Not  «n> 


'• 
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Irequenily  he  will  SM  rcMOnt  to  be  glad  he  did  go.  The  lime  of  »  m>n  who 
may  hdvc  been  previously  seat  10  ihe  pulni  ii  aoi  iherefote  loit.  Ai>»urkDce  Is 
at  least  made  doubly  lure,  «ni]  he  tnisbi  have  broughi  back  a  favorable  repari  ; 
bai  the  mott  iratted  OMltunt*  ate  liable,  with  ihe  best  ot  inieniiani.  10  teach 
entirety  wtonf  coaelutions  by  looking  in  the  wrunf  piMe  or  secinit  ihe  nron^ 
Ihlngn. 

1141.  The  rcoonnaissance.  it  should  be  uitdetsiood.  although  spok«i> 
o(  as  OIK  continuous  *nd  complete  examination  of  the  territory,  is  not 
necessarily  completed  all  at  once.  On  the  contrar)',  it  should  in  a  sense 
be  always  in  progrc&s  until  ihc  final  location  Is  complete,  and  may  well 
be  made  in  part  while  a  party  Is  running  some  lirst  rxpcrimcnlal  line. 
It  may  also  continue  over  a  number  ol  »cp.-ir;iie  iind  complete  trips, 
over  (he  route,  which  in  a  literal  sense  are  examinations  of  so  many  dig- 
linct  lines;  but  it  slmuld  never  be  felt  to  Iw  so  while  making  the  trips. 
but  iis  broad  a  belt  should  be  taken  in.  \n  imiLgin;ition  iit  Iciist.  as  it  is 
possible  to  keep  in  mind.  The  feeling  sliould  always  be  present  In  the 
mind  of  the  engineer  that  he  ought  to  be  Homew here  over  the  edge  of 
the  horiz'>n.  or  on  the  other  side  of  the  valley  or  ridge  instead  of  fol- 
lowing his  nose  where  he  is. 

1143.  The  whole  reconnaissance  is  not  ordinarily  carried  on  In  the 
field,  but  a  part  of  It,  small  as  respects  time,  but  often  important  and 

FCKn  decisive  as  respects  results,  is  obtained  from  the  study  of  such  maps 
of  the  region  as  may  exist.  The  same  urgumcnfi  apply  m  such  exami- 
nation w  to  examinations  in  the  fields  and  the  s.-tme  methods  should  Ix; 
used.  The  obvious  should  l>e  misiruttcd  and  the  improbable  looked  for 
hopefully.  An  examination  of  maps  may  In  some  cascs  be  the  only  recin- 
nnissance,  properly  so  called,  needed,  its  when  a  line  follows  for  its  entire 
length  a  deep  valley  of  known  cltaracicr  between  points  both  situated  lit 
the  same  valley.  On  the  other  hand,  the  rcconnaivi.incc  tnay  show  sued 
nicely.lnlanced  po»ibilltlni  that  three  or  four  exploration  lines  will  be 
necessary,  merely  to  form  a  clear  idea  of  what  lines  to  exmiiinv  in  eaiiitst. 
But.  as  a  gener.il  rule,  neither  of  cheae  condlliona  prevail.  A  careful 
mrunnaisKunce  li  ncccuary.  but  It  isalsodccinive;  &liawliig  beyond  doubt 
(at  ka«t  any  doubt  which  a  survey  by  the  santc  persons  could  remove> 
that  Aiime  one  route  Is  alone  worth  careful  survey,  or  at  most  two. 

1144.  Th4!  mcihud  of  making  a  reconnaissance  may  be  in  detail  some- 
what like  that  sketched  In  Fig.  166.  Such  ordinary  matters  as  thut 
water  runs  down  hill :  that  streams  start  at  their  source  from  the  lowest 
point  in  their  immediate  vicinity  and  flow  toward  still  lower  ground  . 

.  that  large  streams  usually  lie  lower  ilian  contiguous  snialkr  streams,  and 
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tTiBi  an  aneroid  bammrtcr  will  he  of  Assistance  to  fix  the  approximale 
elevation  of  jwinis,  i(  luo  greui  confidence  be  not  placed  In  it,— may  be , 
luppofcd  to  be  understood. 

A  hand-level  is  a  more  in)poriant  tool,  which  aliould  ttw-ays  be  it' 
hand.    In  looking  through  it  do  not  close  one  eye.  but  while  one  tyt 
looks  through  the  tube  ot  ihc  hand-level  let  the  utlier  look  at  th(!  na- 
Uiral  Urndfcapo,      The  bubble  will  then  be  seen  superimposed  on  the 
laiwr.    Hand-lcveUarcvcryoftcnoutof  adjusinicni.  aiidsilli  nioreofteti 

bave    very  dull    bubbto, , 
which  read  quite  dlflerent-- 
ly  tf  ilie  tube  hjs  bcenl 
raiwd  Of  lowcied  to  posi- 
Uon,     A  gucM  should  al> 
ways  be  made  first,  bcfort^ 
using  the  hand-level,  but 
no  man  ever  acqulm  a 
very  tfuxiwonhy  (acuity  o( 
guessing  St  a  horizontal; 
tine.     In  ordinary  locali- 
ties a  practical  eye  nil 
eMimate  eIevation!i  andal 
horizontal  line  with  a  good 
rfcjit  of  precision,  but  Uverc 
arc  pi^culijr  topograph  iul 
coiiditions    uhicb     tn^e 
the  evidence  o(  the  eya 
vorsc  tlian  worthiest  fpar. J 
I  t6o>.  and  no  one  cMn  tcU 
where  they  arc  in  advanc 

An  odometer   may 
fastened  to  ihe  wheel 
the  rairia^'e.  if  a  vehicia 
bcugrd;  buidisianccson!! 
usuiilly  be  guessed  or  as- 
certained, by    time   e§ti-] 
mate*  orothcrwisc.  itcarlvl 
9>iOUg1i  for  preliminary  purposes.     A  pcx:ket  compass  i.i  a  ncccuity.  and  ' 
succession  of  travelling  compnnionx  with  a  locxl  knowledge  of  the 
cijuniry  are  very  desirable.    Mnre  outlil  than  this  and  the  best  attainable 
tiMpi  will  not  be  particularly  u»e(ul. 
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IH9>  \'i  a  preliminiiiy  to  startinK  out  to  explore,  ujr  from  B  va  A, 
Fig.  366,  one  should  strike  an  arc  mentally  across  the  counlr)-  with  B  ns 
a  renire,  and  with  a  radius  o(  3  to  zo  mites,  according  as  some  definite 
(opog'^p'ii^  feature  ii>ay  indicate.  In  country  at  all  rough  this  arc 
sh'juld  be  at  least  Joo°  lonjj-  In  amooihcrcountfyii  maybe  lew.  A  pass 
tliroiigh  a  range  of  htlls  at  eow  t  lie  direct  line  to  A  may  determine  where 
10  Mrikc  tliis  arc, 

Before  allowing  himself  to  pass  by  this  »rc  al  any  point  the  engi- 
neer should  mentally  ask  himself  this  question,  und  either  answer  it  poei- 
ilvcly  and  dctinitely  on  the  spot,  or  note  that  he  must  find  an  answer: 
How  nuny  diflcrcni  routes  arc  tlifrc,  ^nd  what  are  their  comparative 
mefiti:.  for  passing  from  li  'i<>  iikvdM)  ihis  AHCaiaoy  point  in  Its  whole 
<xtent  ?  Iftherc  besomc  point  like  i-or/ which  is,  in  ibe  lift  place,  out  of 
the  proper  direction;  secondly. difficult  of  hcccsk:  iind. thirdly,  highly  un- 
promising  in  appe^ranoc.— it  muxt  not  be  passed  uniil  it  is  known  that  it 
is  not  feasible,  or  else  noted  iis  a  point  to  bf  continually  rcnitmbcrcd  as 
cf  urikn'iW'i  and  prcsumahly  great  I'lipabilitirs. 

Usually  there  will  be  three  or  four  routes  tor  crossing  this  lirst  arc 
which  will  appear  distinctly  better  than  any  others,  and  peihaps  be  the 
only  possible  ones.  Noting  ever)'  one  of  those  which  have  not  been  ex- 
amined, and  assuming  that  ct-er>'ihing  is  possible  which  is  not  cicariy 
seen  to  be  impossible,  the  Imaginnry  arc  may  be  crossed  to  the  next  twit. 

1146.  Here,  at  some  lixcd  topographical  feature  where  obstacles  occur, 
or  at  some  town,  a  second  mental  arc  may  he  struck,  likewise  with  Z/ as 
a  centre,  but  it  is  no  longer  necessary  to  make  ii  200"  long,  but  merely 
Jong  enough  to  cover  a  route  to  A  from  every  possible  pass  of  tlic  first 
are,  and  the  method  should  be  the  same.  The  question  should  be:  In 
THIS  ANN'ui.AK  iiF.i.T  what  is  the  best  way  to  pass  from  somt  attainable 

piBi  in  the  lint  arc  to  tjeyoiid  the  second,  and  which  will  give  the  best 

ipldc  route  from  fl? 

i(y  this  time  wr  shall  be  so  fur  .iwny  from  !i  that  wc  cnnnnire-aliy  cover 
mentally,  even  in  the  ru<le-st  w;iy.  »11  the  area  wc  should  investigate,  and 
wc  must  drop  the  furthest  half  of  it  entirely  from  mind  for  the  time 
being.  Rcmemberingthnt  it  i« dropped,  howcvcr.the  method  is  the  same, 
so  fur  ns  it  goes.  Dy  ustumption.  all  the  most  hopeful  chances  arc  in  the 
region  bcyon<l  the  horixon.  but  it  is  necessary  to  leave  them  lor  the  time 
being. 

1147.  As  the  rcconnoissance  approaches  A  it  will  lie  more  natural  that 
our  work  should  be  carried  on  with  that  as  a  centre,  and  as  soon  as  pos- 
sible the  examitiacion  of  the  whole  possible  area  at  once,  in  a  cunorf 
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way  at  least,  should  be  resumed.  On  reaching  .-f,  before  the  terriio*)- 
puised  over  is  again  examined,  ail  tlie  remaining  possible  iuea  should  be 
gone  over  in  Ihe  same  way.  and  it  sliould  not  be  rejfarded  as  completed 
until  the  limiis  of  ihe  waier-shed  of  every  ureum  in  itie  whole  are*  are 
well  undcratood,  and  tlic  lowest  passes  through  the  ridges.  It  is  not  by 
any  means  the  roughest  regions  which  require  the  moat  care  in  tliia  re- 
spect. Thus,  in  Kig.  i66,  if  the  country  were  vcr>'  rough  the  chances 
would  be  very  strong  indeed  thai  the  valley-line  BVA  would  be  the  best 
and  a  very  cursor)-  examination  of  some  crou-Iinc  VD  might  suRicc  to 
prove  it.  In  moderately  eaay  country  the  line  SCDA  would  be  far  more 
likely  to  be  the  best,  and  there  might  of  coureebc  comiderablc  variations 
in  it ;  or  the  valley  at  ^  might  be  so  low  nnd  the  town  C  so  small  (hat 
the  preference  clearly  lay  with  the  most  direct  line.  It  doe*  not  by  any 
meftns  follow  thul  the  whole  urea  should  \x  examined  with  equal  rare. 
If  one  part  is  positively  known  lu  be  worse  thiin  another,  it  matters  lilile 
to  determine  how  much  worse  ;  only,  it  must  be  known,  and  not  gucMed 
at. 

By  following  strictly  on  the  line  o(  these  suggestions  serious  over- 
sights arc  not  jMDbable  ;  otherwise  they  sre  exceedingly  probable.  Suth 
assistance  as  it  seems  possible  to  give  for  training  the  eye  m  take  in  the 
meaning  of  what  it  sees  before  it.  is  given  in  thefollowing  chnpier.  One  i 
general  raution  may  be  added  :  "  KoUGH  COUNTRV  "  is  a  purely  relative 
term.  To  the  tyro,  the  rolling  hillocks  of  Ohio,  Michigan  and  Hew  Jer- 
sey are  rough.  The  same  man.  uiih  a  little  experience  in  really  rough 
cnuntn,-.  will  take  the  worst  the  Rocky  Mountains  or  the  Andes  can  oiler  i 
With  equanimity  :  and  equanimity  is  in  every  calling  esscDtial  (or  success. 
No  ojuntry  in  which  most  of  the  surface  has  a  layer  of  soil  over  it  de- 
serve* the  name  of  rough.  It  needs  but  little  study  and  carr  to  gel 
seMTul  lines  of  reasonable  cost  through  it.  The  art  of  location  consisia 
merely  in  making  a  judicious  choice. — not  ID  getting  «  line,  wbkb  is 
alway*  eaay  in  such  regions. 

1!48.  An  »ccnmp!i«hmcnt  whtfh  is  nat  very  ilifflcuU  to  nciiDlre,  and  wblch 
Is  consiantly  uicFul  on  reconnaisuiDCe.  it  li}  estimate  the  rate  u(  (all  of  stieaan 
from  Ibcii  general  appearance.  No  general  rules  can  be  laid  down,  because  *a 
■nu<h  depends  upon  the  volume  of  the  tircim.  A  (all  ot  4  to  S  feci  per  imle  . 
will  Kive  a  ijood-siied  slrtnin  or  rirer  1  very  lapid  current,  with  irany  sitelth :« I 
where  il  will  seem  to  the  careless  eye  ai  if  th«re  were  nearly  that  (all  n(  a  lingle  ] 
paint,  succcedcil  by  pool*  above  and  below.  On  ihc  oiher  hand,  a  (all  d(  ^o  or 
35  feet  per  mile  docs  nol  ncccMsriiy  nivc  to  a  small-aiied  river  the  charaeier  of 
a  torrent,  and  large  brooks  or  small  creeks  must  (all  100  (eel  per  mile  or  tnore 
before  they  have  any  violent  current. 
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It49>  A  special  tepon  on  (be  Waier-Po>«r  ot  Ihe  United  State*  Id  iIi« 
Tenth  Unilod  Stnicn  Ceotut  |c<ves  a  tabulai  atmeincat  of  the  slo]>es  of  the 
principi>l  Blreama  flowing  into  (he  Atlantic  and  the  Eastern  Gulf,  which  inlghi 
perbap«  be  profitably  abilracted.  It  »howR  (h«l  Ihc  Uope  of  the  l((«*m«  is 
preiif  much  (he  («me  per  mile  (torn  ibc  Merrimack  to  the  Cbaiiithoochoc;  the 
averaftr  jlope o(  Iwenlyone  main  slteami  being  s-4  '<«'  P*'  taW*.  with  the  Su«- 
quehaana  ibe  flatten,  at  i.S  pet  mile,  and  Ihe  Hudson  River  the  ateepesi.  at  10 
Icct  per  mile. 

■  The  ttn|ie  of  lome  of  the  loulhern  Iributarie*  of  the  Ohio  River  it  very  light, 
langinic  (lom  0.41  tool  per  mile  for  ihe  Gteen  River  to  1.84  (mI  for  the  Alle. 
gheny  m  a  maximum.  The  falls  in  the«e  aireama  Kcnorally  lake  the  torm  of 
long  thoali.     At  an  example,  bonevet.  of  hovr  very  quickly  some  jf  lhe<e 

■  Tiver*  descend  from  their  elevated  touKei  10  the  genilc  slope  of  their  tnbsequeni 
course,  Mr.  Dwlght  Poner  mentions  that  the  Cheat  River,  in  Weil  Virginia,  fallt 
■iifla  (eel  in  ihc  la^i  e<Khiy  milei  of  iia  way  to  the  Mononitaheta.  while  the  latter 
^-  river  dCKendi  but  ;s  feel  in  ihe  ninety  miles  between  ih<  mouih  of  the  Cheat 
^ft  and  Piittburg.  The  nonhern  tributaries  of  the  Ohio  hare  usually  steeper  slope*, 
^  but  the  avctacc  l»  far  below  ibc  rlvcra  on  the  upper  Atlantic  coaai.    The  Ohio 
Rirar  ttMtf,  from  riittburg  to  in  mouth,  a  distance  of  ■;6;  miles,  (alls  450  (eel, 
or  an  avcratv  of  0,44  loot  per  inile.     At  Louisville  (here  is  a  lall  of  tij  fc«i  in 
two  miles. 

»The  Upper  Mississippi,  from  Its  extreme  sources  to  St.  Paul,  joo  miles  by 
the  fiver,  falls  1000  feet.  The  Mitsourl  Riv«r  falls  3.('>4  feet  in  Ihe  sbjj  miles 
of  lis  courftebelonr  Fun  Bcnion.  being  navigable  to  th.-it  point-  Th«  tri butane* 
of  the  Missiuippi  from  Easiern  Iowa  have  a  general  slope  of  about  3  feet  per 
mile,  ranging  from  1.&4  to  3.6J  feel  per  mile. 

The  ArkanMn  Rircr,  from  its  source  to  Pueblo,  Colorado,  averages  34.  ti 
I  feel  per  mile,  la  ib«  upper  no  miles  the  river  falls  40  feet  pet  mile,  thca 
[flattens  od(  to  8  feet  per  mile  for  %oa  or  boo  mites,  anil  at  150  miles  above  lis 
I  mouth  it*  slope  is  only  0.46  toot  per  mile. 

The  N'iagnta  River,  in  lis  short  course  of  37  miles,  descends  333  feet  to  Lake 

I  Ontario  wiih  a  vertical  plunge  o(  160  feel  at  the  Falls.  illschuRlng  a  toIubic  of 

'  water  nearly  half  a*  great  iia  the  Miuissippi  River,  or  1(16.600  mbic  feet  per 

'  leeond.     From  BuIIalo  10  3  miles  above  ihe  Falls,  the  river  descends  so  feel,  or 

about  a  foot  per  mile,  yet  the  stream  I>  lejilily  navigable,  from  this  point  to  the 

brink  of  the  Falls  It  descends  about  i3  fe«.  or  i3  feet  per  mile 
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CHAPTER  XXVIII. 


OCULAR   ILLUSIONS. 


ItSO.  The  natural  cj-csighl  is  readily  dccHved  even  where 

parent  rliflcrcnccs  arc  so  great  as  to  seem  clear  and  positive.     Ac 

ihc  more  srrious  ways  in  which  this  <tang:cr  may  make  trouble  arc  : 

I.  The  eye  fortihorlrHS  Ihe  distance  ih  hm  air-Jt'iu  and  maUrially  rx-^ 
sggtrattt  Ikt  tomparalht  Utigtk  of  a  lateral  eff.tel.  so  as  to  greatly  exag- 
gerate the  loss  Of  distance  (and  hence  of  curvature)  from  any  dcBection. 
A  deHcction  which  will  not  in  reality  add  ninre  than  lo  to  r  j  per  cent  to 
the  length  of  a  linr  will  5rcm  to  the  e}'C  to  double  it.  This  marked  ten* 
deocy  to  great  exaggenition  results  from  tlic  elTKt  of  two  coficarreiti 
cauKs:  (t)  the  forcahoncningalluded  to.aii<l  (:i  the  tendency  of  the  mind 
to  exaggerate  the  distance  lo$t  by  lateral  deflections  even  when  looking; 
down  upon  a  map — a^  Fig.  i  y  page  337,  where  the  Io«  of  distance  in  C 
might  be  easily  estimated  at  (our  or  live  time-i  what  it  is. 

These  two  causes  combined,  both  o(  them  having  much  eSect  in  the 
same  direction,  make  the  judgment  of  in  experienced  men  on  this  subject 
almost  absurdly  deceptive. 

IIM.  3.  The  rye  exaggeritUs  tk*  sMarpness  0/ pnyeflhfg  faints  and iptirt^ 
,and Ike  degree  of  iur-imlure  ne(eisary  lo  past  around  Ihtm:  an  exceed- 
ingly common  difficulty. leading  to  serious  consequences.  It  reMillsfrom 
a  combination  of  natural  causes,  viz.:  (if  The  eye.  in  looking  at  ull  nat- 
ural slopes,  from  any  point  of  view  whatever,  greatly  exaggerates  their 
steepness,  A  60*  slope  seems  almost  vertical :  a  45",  fully  75^  a  ll  to  I 
slope  (the  rate  of  the  very  steepest  mountain  sides),  at  least  t  to  1  :  etc^j 
etc.  This  tendency  is  especially  strong  in  looking  at  slopes  from  abov 
(i)  Such  points  arc  generally  looked  at  from  above ;  but  whether  looked 
at  from  above  or  below,  the  eye  instinctively  searches  for  something  Iix«l 
and  definite  to  start  Ui^m.tukith  is  mually  fmimi  in  the  (fetl  if  ridge  litu, 
especially  if  the  Utter  runs  nearly  to  a  knife-edge.  Likewise  the  eye  al- 
most invariably  tend*  to  extiggenite  angles,  from  whatever  point  ihcvkw 
is  taken  on  which  the  judgment  is  formed.  It  formed  from  the  side 
(Fig.  ;6-).  it  exaggerates  the  distance  C  in  comparisoo  with  AB.  making 
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it  seem  half  as  long,  forcssmplc,  when  il  is  only  one  (ounh  aalong.tlius 
^making  Uic  poinl  seem  to  require  ■  curve  of  180' where  pcfhape  no* 

only  will  suflice.  If  formed  from  in  front  of  vctj-  sharp  points.  Fig.  a68, 
'  the  tendency  i»  to  look  upon  the  two  rangc-sighls,  B.  C  as  at  a  much 

sharper  ungle  £'t«  each  other  Ui;in  they  tvaS\\  '^.ttMniute  the  eyt  ranga 


along  both  shpet  at  «iiet--a.a  uiiuftuat 

circunuiance,  the  more  common  oasiT 

^belng  that  nf  Fife-  269^  iii  which  tlii.- 

enilency  is  in  the  oppoiite  direction. 

Fig.  ;68  one  tfntts  \n  upproiimaie 
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ihe  angle  V  to  180*;  or,  in  other  words.  10  think  ot  B  and  C  as  nearly  par> 
,  allcl  lu  each  other,  as  if  wc  were  looking  from  £  at  an  infinite  distance. 

1193.  From  ihcK  causes  comt>in«d.  the  eye  at  E  first  fixes  on  the 
[crestOine  and  then  exaggerates.  «ay.  a  ■}  to  1  slope  into  a  1  to  1  Hlope :  in 
[other  words^  makes  the  chord  line  /I.  Fig.  168.  one  third  shorter  Hum  it 
This  alone  gives  a  is'  ciir\-e  where  lo'wlll  suffice.     But  having  lint 
;  OUT  cliord-line  too  short,  we  then  proceed  to  menially  exugiceraie  Ihe 
M^U U  wh'eA  it  ha  (hard,  and  thus  still  further  shorten  the  suppoied 

I  radius.  90  that  we  may  easily  picture  a  30*  curve  where  10*  would  fwuve 
on  survey  all-suf^cient. 
^Vlicther  this  eiplnnation  of  the  philosophy  of  the  tendency  to  error 
be  correct  or  not.  ihe  fact  of  iis  cjisicuce  in  nbout  ihc  degree  stated  is 
beyond  question,  especially  with  those  who  arc  for  the  lirsi  time  coo* 
fronted  with  "roitgh  coumry."    They  arc  almost  sure  to  exaggerate 
greatly  the  difTicultJes  of  such  lociilities. 
1184.  J.  An  opposite  tendency— to  decrease  the  probahle  angles  re- 
quired— exists  in  looking  ai  smooth  gentle   si'ipe*.  especially   (rom  a 
4iistant  point  of  view,  for  reasons  hinted  at  in  part  in  Fiff.  269.     Smooth- 
ness and  gentleness  of  slope  mean  that  wc  must  either  go  out  a  long  way 
|tO  gain  a  little  difference  of  elevation,  or  must  put  up  with  ver>'  long,  if 
not  very  deep,  cuts  or  fills.     In  order  to  bring  down  the  work  to  reason- 
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abl«  lightness,  ihtreforc.  wc  must  often  Adopt  a  quHe  cronkcd  ali|^in*fit 
on  the  smooth  and  ((or  foot  travel)  very  tractable  slope*,  and  even  th«a 
have  pretty  heavy  work. 

Tbib  error  is  especially  liable  to  occur  on  the  long  gentle  roltingslopet 

wbkh  are  met  over  vast  areas  of  the  Ur- 
western  United  States,  Mexico,  Soutk 
America,  and  (the  writer  believes)  ntui 
of  Asia.  AfricA.  and  AustNlia.  in 
of  which  regions  Nature  seems  to  bava 
planned  all  her  works  on  a  vast  scale  sndi 
taken  plenty  of  room  to  spread  out  In,: 
In  the  Eastern  United  States  and  la< 
Europe  west  o(  Russia  it  Is  less  1: 
ncnt. 

When  we  happen  to  be  cotnparli^  i 
liiieSiOne  of  which  lies.  say.  in  a  valley,  wliercihc  tendency  is  tocxaggervu 
the  sharpness  of  curves  and  anglcn,  while  another  lies  on  a  smoother  ^nd 
higher  region,  where  the  tendency  is  in  the  oihcr  dinrctfon,  these  mo 
opposite  tendencies  may  combine  to  cause  most  calamitously  tnistaken 
conclusions,  one  line  being  made  up  in  large  paa  of  points  like  Ti 
a68  and  the  other  like  Fig-  iftg- 

llftSi.  The  unassisted  eye  is  also  liable  to  be  deceived  io  tuany  ways 
as  to  gradients  and  elevations,  as  noikcsbly  in  ihc  following : 

4-  ?>  slope  looked  at  from  a  distance  'ilwiiys  appears  steeper  and 
higher  than  it  really  is,  especially  if  wc^rc  siandingon  ground  dcacend- 
ing  towards  it,  when  the  eye  tends  to  look  on  the  slope  where  we  stand 
as  more  nearly  lei'el  than  it  i«.  and  to  exaggerate,  olicn  to  an  absurd  ex- 
tent, the  ittccpness  of  the  rising  ground  in  fronL  This  is  a  familiar  ex- 
perience, which  most  men  have  learned  to  allow  for,  more  or  less.  Tlie 
bent  tiairiing  For  the  eye,  to  check  the  danger,  is  to  study  the  phcnonvenon 
on  highways  or  constructed  railways,  where  the  cITecl  of  a  given  vcrtrcal 
angle  \%  far  inoce  marked  than  on  a  natural  unbroken  surface,  fof 
reatoii.  probably,  that  where  the  mind  looks  for  uniformity,  as  on  «  tm 
way  or  road,  it  is  forcibly  Impressed  by  a  deviation  from  it.  1>ut  where, 
ibeoiherband,  irregularities  arc  looked  for  ,ind.  as  it  were. -discounted  "" 
In  advance,  the  vcrv  same  snrf.icc  a n>;tc produces  lessinipre^ion. 

1156.  Another  and  perhaps  truer  explanation  of  tlii«  and  many  other 
ocular  illusions  is  that  it  is  simply  lack  of  practice  and  training  of  the 
eye  under  those  particular  conditions.  The  child  has  .ibsolutcly  no  per- 
ception of  distance  or  perspective,  and  hence  of  siie.  but  puts  out  bis 
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IiuimI  to  ir.iich  everything  he  sees  within  hii  field  of  view,  even  on  itic 
disiiint  hrmznii.  To  mrAsure  distanc:*;*  and  ivtat  oa  accurately  as  wc  (fn 
l>y  tlie  aid  1 1 »  uf  the  shurt  biue-liiic  u(  z\  iiichPH  between  the  two  eye«, 
aiid  u)  o(  our  gradually  actjuired  ktiuwkditc  oi  tlie  probable  sizes  o(  oh* 
)cct^  is  lolly  u  nicnlal  pruceta  of  extraordimiry  dlfliculty  uid  delicjcy, 
whtch  is  only  aoquired  by  the  tiK«»aiit.  unconscious  iirsctfce  of  yeuni. 
Under  the  coodiiioits  in  which  we  hare  been  most  trained  we  do  toIer> 
aMy  well:  but  whenever  we  Mrlke  the  unfamiliar  and  unusual,  then  the 
eye  reverts  to  ils  original  untrained  tendency  to  bring  evcryibinf-  in  the 
dixuiicc  up  into  its  uwii  vicinity,  with  an  [l^evitable  distorting  efiect  on 
what  the  mind  makes  out  of  the  picture  seen.  Thus  it  is  that  the  sun 
and  moon  appear  to  the  eye  n  grriit  deal  l&rger  when  ihcy  are  rising  or 
Ktting,  tlie  mind  never  adiniiiing  that  they  can  be  very  far  off.  exocf  t  wlien 
forced  to  do  so  by  seeing  tlicra  beyond  the  immediate  horizon.  Thus, 
nther  than  by  the  common  explanation  tliat  there  are  no  intermediate 
objects  to  fix  on,  distances  across  w»ter  arc  always  undcr-csiimaled  by 
those  una<^ai Homed  to  it.  For  the  sinic  reason,  possibly,  the  eye  brings 
forward  the  further  end  of  a  long  line  of  rails  beyond  a  hollow  until— 
aided  somcwhai  by  the  further  assumption  that  we  arc  standing  on  a 
level— they  seem  almost  to  stand  up  and  down.  For  the  same  reason, 
the  steepness  of  the  slopes  of  mountains  are  exaggerated  :  and  pouihly 
lor  the  same  rciiu>n.  in  (xirt  at  le^st.  the  immense  s(ui!c  on  which  tlie 
topograpliiciil  featumofthc  great  West.  Mexico.  South  America,  and 


fia,  ttft 

similar  regions  arc  laid  out.  deceives  as  to  distances  the  Eastern  man  or 
European,  accustomed  to  a  pettier  topography. 

1197.  A  comparison  of  the  diflcrent  effect  upon  the  eye  of  railway 
^dicDlS  and  natural  slopes  of  the  same  rate,  wherever  two  descending 
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((Tftclicais  oui  be  (ouad  nesfly  (onowing  ibc  ouun]  eurbce.  U  an  in* 
Kjuctive  mining  u(  the  eye.  By  st^ndinK  lim  on  ttie  inck  and  tbea  * 
lew  huDdcol  (ect  to  uae  nidc.  the  difietcncc  in  ifac  degree  of  Uie  decep- 
tion i*  Riarkcd  ;  bat  trial  Irom  various  point*  nl  view  will  iliow  ibtt  it 
always  exiMs.  o'cn  cm  the  natunl  surface. 


Ftc  rji.. 


IIS8.  ;.  Allied  to  tbc  above,  but  operating  more  obscurely  and  (m  » 
larger  scale,  is  the  dccvption  which  comes  froin  THK  ncOPlNt/Vmr  ur 
LAki;E  uansf.s  or  tiiu-'^  ok  uolfntainn  niKn  looked  n  (rom  a  m^ 
UUKC  or  even  Irtim  a  mere  general  slope  in  one  direction  ot  the  uliiil« 
foreground  within  view,  enpe^ially  if  it  be  much  brolcen  up  in  dcljii  bjr 
minor  liillockii  und  ridges,  *o  that  the  genemJ  trend  uf  the  sorbce  k  not 
readily  detected.  Tbe  best-trained  eye  is  quite  inrapable.  under  iheie 
circumMancn.oreslimatinghflHxontiditj'sau  to  delect  the  lowest  punitt  < 
with  tl>c  same  success  as  under  ordinary  circumstances.     Fig.  :i3.  pafV  ' 


^*^R8^^ 


680.  rvproducrft  admimbty  an  ocular  illusion  of  this  kind.  The  gnuks 
against  tlic  sirci*m  urm  enormooily  steep,  and  those  with  it  nearly  leveL 
The  reverse  is  the  cax.*  at  ihe  viaduct  in  the  background,  yet  evetywhctc 
tbe  rate  Is  the  same.  In  Fig.  170  the  pass  A.  which  seems  to  the  rye  o( 
a  distant  nbscrver  to  be  slightly  lower  than  B.  may  be  counted  an  witb 
great  certainly  to  be  considerably  higher.  To  be  in  (act  on  a  level  wttb 
It,  it  must  appear  to  the  eye  vcrj-  much  lower.     Fig.  370  was  sketched 
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trooi  an  instance  wh«re  half  a  dozen  skilled  men  undcr-CMimalcd  die 
hci|{iit  of  ^I.  and  ot-ei-c«timnicd  B,  by  nciirly  300  fen,  from  a  point 
ii(  view  lew  than  3  mile*  olT,  over  an  npparctitly  kwl  plain,  on  a  line  of 
»ight  near])-  (umLllcl  with  ilic  slopes  of  tlic  mountain,  and  witli  A  and  B 
hurdljr  more  itian  ItaK  a  mile  apart ;  the  pass  huvingf  been  looked  at, 
likrwiKc.  (rum  both  tides. 

1199.  Another,  the  moM  exlraordinary  ocular  deception  which  the 
wiiter  lias  ever  eiKouriiered,  and  lor  wliicb  be  couJd  not  tbeo  or  later 
liaaKbtean  explanation,  ia  badly  iketclwd  from  memory  in  FIk-  }?■•  In  a 
geatJy  roiling  but  much  "accidcnicd  "  couniry.  ihroUKh  a  little  pass  with 
(scciuingty)  lon|{  gcatle  slopes  on  each  »idc,  the  Utile  hut  appeared  only 
10  Icct  above  the  bottom  of  the  notch  less  tlian  400  ft.  off.  when  in  tact 
ii  was  80  ft.,  there  being  in  ibis  case  no  preponderance  of  large  maaacs 
on  either  side  of  tlic  field  of  view  to  unbalance  the  e>-esight.  This  decef^ 
tioR.  likewise,  was  common  to  every  man  of  a  targe  and  experienced 
corps,  and  perhaps  eamc  from  nn  obsmcc  train  of  avocintion  with  a  shaip 
and  tremendous  descent  a  short  distinee  back  (ijoo  feet  in  a  six-mile 
viewf.  which  might  luvc  been  seen  in  part  by  eyes  in  the  back  of  one's 
head  while  looking  at  the  hut,  but  whkli  neither  existed  in  fact  nor  ap- 
peared to  exist  in  the  vteir  taken  in  by  the  natural  eyesi|[ht.  as  rudely 
and  very  inadequately  sketched  in  Pi|{.  171.  The  hut  looks  far  too  high 
in  the  cut,  and  the  recy  bottom  of  the  valley  was  in  light. 

1160.  Similar  ocular  itlusions,  and  perhaps  more  remarkable  ones, 
may  be  seen  wherever  there  are  irrigating  or  other  nearlv  level  ditches 
winding  around  tl>c  slopes  of  mountains  above  rapidly  desccndlRg  val* 


1e>'S.  They  invariably  appear  to  run  up  hilL  and  often  In  a  very  marked 
and  extraordtiwry  way.  as  with  many  of  the  irrigating  diichea  ol Colorado. 
Tliesc  examples  are  hut  pronounced  types  of  frequent  topographical 
It  regular!  lie*,  which  make  the  eyesight  utterly  w.>tthlei»  for  measuring 
importn'ii  elevations  and  slopes  in  certain  localities:  and  where  those 
localities  arc.  unfortunately,  cannot  be  determined  in  advance.  The 
aneroid  barometer,  altazlrautb.  oe  hand-level,  consequently,  should  be 
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1160.  The  natural  eyesight  r»reaclil)' decriwd  even  where  the  xp- 
pnmii  dxfl<;renc»  are  so  greut  as  to  ncem  clear  and  positive.     Atnonifj 
the  more  serioun  wajrs  in  which  this  danger  toaj  make  irouMe  are : 

I,  TAt  tye  fortthvrleni  the  dislatue  in  aa  air-fime  atiJ  maltrtaffy  «■- 
iterates  tie  comfMralrve  ItHglh  of  a  lateral  i^fiet,  »o  uio  |treail>-  exag- 
gerate the  loss  ol  distance  (and  hence  o(  curvuturc)  fnXD  any  deflectiuo. 
A  dedcdioii  which  will  not  in  reality  add  more  than  lototjper  cent  to 
the  length  ol  aline  will  seem  toiliceye  to  double  it.  This  mat  lied  ten- 
dency to  great  cugBcraiion  result*  (rom  the  effect  o(  two  concurrent 
causes:  <i)the  forcshortcningalludedto. and(i)  ihetendenc)'0(tbc  mind 
to  exaRRcrate  die  distance  lost  bf  lateral  dcHcctionf  even  wben  looking 
down  upon  a  map— as  Fig.  i  j.  page  lyj.  where  Uw  loss  o(  distance  in  C 
miKht  be  easily  estimated  at  (our  or  five  limes  what  it  is. 

These  two  causes  combiiu-d.  both  oi  them  having  much  cflect  in  the 
same  direction,  make  the  judgment  ol  inexperienced  men  on  this  subject 
almost  absurdly  deceptive. 

1ISI.  J,  Theryetiaj:geratttlhttMarpnrssoff>rajttlii^p«iHtiaKdtfmrt. 
ami l/ie  ^Tre  of  tun-\tlure  nntuary  t«  /*«  anund  IhttH :  an  exceed' 
Ingly  common  difficulty,  leading  to  serious  ciinsequence*.  It  results  from 
a  combination  of  natural  causes.  vii.i  (i;  The  eye.  in  looking  at  all  nat- 
ural slopes,  from  any  point  of  view  wliatercr.  greatly  exaggerates  ibdr 
Steepness.  A  60'  6lope  seems  almost  vertical ;  a  4J*,  fully  7S°;  ■  '  1  ">  ' 
slope  (the  rate  of  the  vcr>'  steepest  mountain  sides),  at  leui  I  10  1 :  eic 
etc  This  tendency  i«  e<periflliy  strong  in  looking  at  s!o|>e9  InMn  .ihnve. 
<3)  Such  points  are  K^ncrally  looked  at  from  above;  but  whether  I'Hiked 
at  from  above  or  below. the  eye  instinctively  scarclies  tor  somethini;  (lied 
anddcfinilcloMan  Unm.iehick it  utuaify /<imnJ in  the  trfit  or  ruigt  but, 
e«ipecially  if  the  laitrr  runs  nearly  to  a  knife-edge.  Likewise  the  eye  ak 
moot  invariably  tends  to  rx-tfTBerste  angles,  from  whatever  point  the  iWm 
is  taken  on  which  the  judgment  b  formed.  If  (ormrd  from  ihi  afak 
(F^.  367).  it  exaggeniles  tlie  distance  C  in  comparison  with  ABk  tuklag 
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It  seem  half  as  long,  foreuinplv.  wben  it  is  only  one  fourth  iu  long,  thus 
making  ihe  point  »«m  to  require  a  curve  of  180*  wlicre  perlups  no" 
only  will  suffice.  If  formed  from  in  front  of  very  aharp  point*.  Fig.  368. 
the  tcndenqr  is  to  look  upon  the  two  range-sights.  B.  C  as  at  a  much 
sharper  angle  V  to  each  other  ih^n  thr>-  really  arc.  tr^auif  the  rit  raitga 


alum^  Mk  lU^t  al  iHWy— an  aniistial 
ctrcumitance,  the  more  common  case 
being  that  o(  Fig.  169,  in  which  ihc 
tendciKjr  I9  in  the  opposite  difc<^cion. 
In  Fig.  >68  one  ien<ls  to  approximate 


A 


'^m^;! 


^1 


Fk..  wr.1. 


■ 

fic.  id. 


the  angle  Kto  ieo*;oT.  in  other  words,  to  think  ot  A  and  C  as  nearttr  par> 
allel  to  each  other,  aa  if  wc  were  looking  from  fat  an  tnlinile  disunce, 

1153.  From  ihcsc  causes  combined,  the  eye  at  E  Am  Axes  on  the 
cresi-lineand  then  cx^cgcfaies.  »ay.  a  tilot  slope  into  a  i  to  1  slnpe:in 
other  vrords,  makes  the  rhord-lme  A,  Fig.  36S.  one  third  shorter  than  it 
Is.  Thi>  alone  givc«  a  1 ;'  curve  where  to*  will  Hiffice.  But  liavinR  first 
(Ot  our  chord-line  too  short.  «-c  then  proceed  10  mentally  exaggerate  Ike 
S^fif  lo  rohith  it  if  a  ekord.  and  thus  still  further  »liorten  the  supposed 
ndiiis.  so  that  we  may  easily  picture  a  30*  cun-e  where  10'  would  proi'e 
on  survey  all- sufficient. 

Whether  this  cxpl.ination  of  tlic  philosophy  of  the  tendency  to  error 
be  correct  or  not,  the  fact  of  its  existence  in  about  ihc  degree  staled  is 
beyond  question,  especially  with  those  who  are  for  the  first  lime  con- 
fronted with  ■- rough  coiuntry."  They  are  almost  sure  to  exaggerate 
greatly  the  difEailtie*  of  such  localities. 

115*.  }.  An  nppniitc  lenilency— to  decrease  the  pn^bte  angles  re- 
quired— exists  in  luokiu);  -,\\  smooth  jfcnllc  xhipcs.  rsperialty  from  a 
distant  point  of  view,  for  rea>,<>nt  hintcl  nl  in  |Ntn  in  Wz- 1^.  Smooth* 
nets  and  gentleness  of  slope  mean  that  we  must  either  gooui  a  lone  way 
to  gain  a  little  difference  of  elevation,  or  must  put  up  with  vcr)'  long,  (I 
nut  very  deep,  cuts  or  Alls.     In  order  to  bring  down  the  work  to  reason- 
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able  liKl)tn«».  therefore,  we  musi  oltca  adopt  a  qalie  crooked  allfptraem 
ofl  the  nmooth  and  (lor  foot  iravel)  very  tractable  slopes,  uid  even  tbcn 
have  pretty  beavr  work. 

TbUerroT  is  e»podall)' liable  to  occur  on  ilie  long  genttc  rolling alopci 

which  arc  met  over  vast  arcai  of  tUe  tar- 
"'  """  western    United    Slater   Mexico.  South 

America,  aixl  (the  writer  beiicvo)  mucli 
of  Asia.  Africd.  and  AunnliiL,  in  all 
of  which  regions  Nature  >e«m«  to  hare 
planned  all  her  works  on  a  vast  scale  and 
taken  plenty  of  room  tu  •pread  out  tn. 
In  the  Eastern  United  States  and  in 
Europe  west  of  Russia  It  is  less  imau* 
ncnt. 

Wlien  we  happen  to  be  oomparing  two 
lines,  one  of  which  lies,  say,  in  a  V4ltey,  where  the  tendency  is  toexait^crate 
the  sburpnesi  of  curves  and  angles,  while  another  lies  on  a  smoother  and 
higher  region,  where  the  tendency  i«  in  the  other  direction,  theic  two 
opposite  leitdencics  may  combine  to  cause  most  calamitously  mtstaken 
conclusions,  one  line  being  made  up  In  large  part  of  point;  like  Fig. 
jfi8  and  the  other  like  Fig.  itig. 

II9S.  The  unassisted  eye  is  also  liable  to  be  deceived  In  many  wa^ 
as  to  gradients  and  elcvntions,  as  noticciMy  in  the  following: 

4-  ?t  slope  looked  at  from  a  distance  aiuuyi  appears  iteeper  and 
higlierthan  it  really  is,  especially  if  we  are  stiuidlngon  ground  descend- 
ing towards  it,  when  the  eye  tend*  to  look  on  tlie  *li>pc  where  we  &tand 
as  more  nearly  level  than  it  is.  and  to  exagjcerate,  often  to  an  absurd  ex- 
tent, the  steepness  (A  the  rising  ground  in  (runt.  This  is  a  Umiliar  ex- 
perience, which  most  men  have  learned  to  allow  fur,  mure  ur  less-  Tlic 
be«  training  (or  Uic  eye,  to  check  the  danger,  is  to  study  tlie  phenomenon 
on  hifiliway*  or  constructed  railways,  where  the  cflcet  of  a  given  rerl'ial 
angle  IS  far  more  marked  than  on  a  natural  unbroken  surface,  (or  tW 
reason,  probably,  ili^it  where  the  mind  looks  for  uniformity,  as  cxi  a  rail- 
way or  road,  It  is  forcibly  impressed  by  a  deviation  (ro<n  ll- but  whencoa 
the  other  hand,  irregularities  are  looked  for  and,  as  It  were. "  discouDted  " 
in  advance,  the  very  same  surface  angle  pioduccs  leas  Impression. 

ttM.  Another  and  perhaps  truer  explanation  of  this  and  many  otiier 
ocular  illusion*  i.t  that  it  is  simply  lack  of  pr^iciice  and  training  of  the 
eye  under  those  particular  conditions.  The  child  lias  ahaolutely  no  per- 
ception of  distance  or  perspective,  and  hence  til  size,  but  puts  OM  hi* 
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hand  lo  ouch  ek'er>tliin{t  he  sees  wiihin  his  fi«ld  of  view,  even  on  tlw 
dinnnt  hoftzon.  To  measure  distances  and  sbes  as  socurjittly  as  we  do 
by  the  iiid  t ri  qI  the  short  biuc-linc  of  2\  inches  between  the  two  eyes, 
and  (2>  of  our  groduatl)-  ac(|uired  knowledge  of  the  (xobable  »iw«  of  ob- 
jects, is  rcAlly  a  menial  proccM  of  cxtnordinury  <IilficuUy  and  dcliciicy. 
wbkh  i«  onl)-  actiuired  1>y  the  incoKnit.  unciin»c>ou5  practice  o{  years. 
Under  the  coniliiioni  in  whicli  we  have  been  motu  tmined  we  do  toler- 
ably well :  tnii  whenever  we  Mrike  the  unfamiliar  and  ununtal.  then  the 
eye  reverts  to  its  original  uniniiiied  tendency  to  bring  evert  thinK  in  ibe 
distance  up  into  its  own  vicinity,  with  an  ineviiat>le  diMurtint;  ctlcct  on 
what  the  mind  makes  out  uf  ihv  picture  seen.  Thus  it  is  Iliat  the  sun 
and  moon  appear  to  the  eye  a  ^tcut  deal  lafgcr  when  ihcy  arc  rising  or 
setting,  tile  mind  never  admitting  that  they  can  be  vcr>-  far o0. except  when 
lurccd  lo  dosofayaecing  ihcni  beyond  the  immediaic  hortion,  Tbtis. 
father  than  by  ihc  common  explanation  that  there  arc  no  intermediate 
objects  to  fix  on.  distances  across  itater  are  always  undcr-csti mated  by 
tbo«e  unarcuMomed  to  it.  For  the  nmc  reason,  possibly,  the  eye  briitgs 
forward  the  fiirther  end  of  a  long  line  of  raiU  beyond  a  hollow  until — 
aided  somewhat  by  the  further  assuraixiun  that  we  are  standing  on  a 
level — they  seem  almost  to  stand  up  and  down.  For  the  same  rcaaon, 
the  steepness  of  the  slopes  o(  mountains  are  cxagxeraied  ;  and  possibly 
(or  the  same  reason,  in  part  at  Iciist.  the  Imntcnsc  scale  on  wliich  the 
topographical  features  of  the  great  West.  Mexico.  South  America,  and 


^■lci 


simitar  r^ions  are  laid  out,  deceives  as  to  distances  the  Eaucm  man  or 
European,  accustomed  to  a  pettier  topography. 

1157.  A  comparison  of  the  dlflerent  cfica  upon  the  eye  of  railway 
gr»dicDts  and  lutural  slopes  of  the  same  rate  wherever  two  dcsccndidf; 
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gflAcau  cu  b«  UxoA  nnriy  foOoaung  the  naiuni  surdcc  ia  aa  ta- 
StiBCthi'c  tninii^  □(  Uk  cjrr.  B;  (uniling  tim  on  the  mck  and  then  ■ 
lew  fattndnxl  feet  U>  noe  side  tbe  dificfcncc  in  ibc  degree  o(  the  decep- 
tion is  narked ;  bat  trial  from  variau*  punts  ol  view  wtll  show  tbttt  it 

ftlw3v*  eiiiii  cvTH  un  tbc  luiitral  sirlacc 


Kic  ni. 


MSB.  $.  Allied  to  t)t«  above  but  operating  more  obsoincly  and  on  « 
larger  scale,  ts  the  dcceptJoa  which  cotnca  from  the  PROPiN'QDtTT  uf 
LARCK  MASSes  OF  UILIA  Ok  HOL'NTAiNS  wheii  lookcd  M  (lom  a  ni*. 
tance.  or  rvm  from  a  meiv  general  slope  in  one  dtrccJinn  uf  the  «  hole 
foreground  within  view.  c«pcci.-illy  if  it  be  much  broken  up  in  dct^n  t>f 
minor  iiiitnck*  and  ridges,  to  that  the  gcnoral  trend  of  the  surface  fi  wM. 
readily  rict(^cted.  The  bett-trained  eye  is  quite  incapable,  under  tbeac 
circaniiitani:es.of  e«timatiR|;horia>ntBlrty  »o  as  to  detect  the  lowoi  |>oiBta 
with  the  iKtmc  sacccm  as  gnder  ordinary  circnmstanoea.     Fig.  313,  pafc 


■"^"^i^^r 


Pic  >r*.— a  DiHTMrr  Tin  or  mi  0*nu«. 

6S0.  reproduces  admtrubty  ai>  ocular  iltution  of  thr«  kind.  The  (fradca 
again^l  the  uream  locm  cnornmunly  nuxp.  and  those  nith  it  nearly  level. 
Tltc  reverse  is  the  rase  at  the  viiuluirt  in  (he  background. yet  everywhere 
llie  rate  b  the  same.  In  Kiji.  170  the  pas*  A.  which  cecmn  to  the  eye  ol 
a  distant  observer  to  be  »lighlly  lower  tlian  B,  may  be  counted  on  with 
great  certainty  to  be  cooMderahly  higher.  To  be  In  lad  00  a  level  with 
h,  it  raust  a|>pear  to  ihc  eye  very  much  lower.     Pig.  370  was  sketcbri 
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in  BR  instance  wli«r«  hulf«  Aatatx  skilled  men  under-esUnuiied  ilie 
hc^bt  ol  A.  and  cn-cr-oti  mated  B.  by  ni»ifly  loo  !e«t,  (rum  a  point 
tA  view  les  llixn  3  mil«s  »II,  over  »n  apparc'itly  tcvcl  plain,  on  a  line  of 
stghl  nearly  parallel  u'lih  the  stupca  of  tlic  mountain,  and  with  A  and  B 
lurdly  more  tiian  lialf  a  mile  «pan :  the  p^ss  h&viti^  been  looked  at. 
Iikrwise,  from  both  sides. 

tl59<  Another,  the  mosl  cxiiaordinary  oeular  deception  which  the 
writer  lias  ever  encountered. and  for  whicli  he  c-ould  not  then  or  later 
imaginean  explanation.  i«  badly  sketched  from  memory  in  Pif;.  271.  In  a 
genti)'  rolling  but  much  "accidentcd"  country,  ihrouKh  a  little  pass  with 
(*cefDinii;Iy)  lonj;  gi:ntle  slopes  on  each  wide,  the  little  but  appeared  only 
10  leet  above  the  bottom  of  the  notch  leM  than  400  ft.  off.  when  in  fact 
It  was  80  ft.,  there  bcinK  in  Ibis  case  no  preponderance  of  larRC  majtsu 
on  citlicr  side  ol  the  licld  u(  view  to  unbalance  the  c>'e»ight.  This  decep- 
tion, likewise,  was  cuminun  to  every  man  uf  a  Urge  and  experienced 
eoriM,  and  perlups  came  from  an  obscure  min  uf  association  with  a  sliarp 
and  tremendous  descent  a  short  distance  back  (1500  feet  in  a  six-raile 
view),  which  mi|;hi  have  been  seen  in  part  by  eyes  in  the  hack  of  one'j 
head  while  looktnK  at  the  hut.  but  which  nciihur  existed  in  fact  nor  ap- 
peared to  exist  in  the  view  taken  in  by  the  nuiural  eyesight,  as  rudely 
and  ver>-  inadequately  sketched  in  Tig.  371.  The  hut  looks  far  too  high 
In  the  cut.  and  the  very  bottom  of  the  valley  was  in  sight. 

1160.  Similar  ocular  illusions,  and  peiliaps  more  remarkable  ones, 
may  be  seen  wherever  there  are  ircii-ating  or  other  nearly  level  ditches 
wmding  arouitd  t)ie  slopes  of  mountains  above  rapidly  descending  val- 


I 


Piu.  If). — Thi  mm>  Ovta(jtr-~KBA*  Vaw. 
They  invariably  appear  to  run  up  hill,  and  often  in  a  very  marked 
and  extraordinary  way.  as  with  many  of  the  irrigating  ditches  of  Culorada 
Tliesc  examples  arc  but  pronoimccd  types  of  frequent  topographical 
irregularities,  which  make  the  eyesight  utterly  «'orthIew  for  measuring 
important  elevations  and  slopes  in  ccnain  localities:  and  where  tho«e 
localities  arc.  unfonunmely,  cannot  be  determined  in  advance.  The 
aneroid  barometer,  almimuth.  or  hand -level,  consequently,  should  be 
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constantly  a»cd  on  rcconnalasance.  and,  In  general,  all  such  poinu.  if 
imporiant,  should  be  actually  vlaited.  for  another  rea»oo: 

1161.  6.  OvKKLAi'S  of  hills  or  elevated  ground  at  a  distance  are  o 
frequent  source  of  deception  and  error.  Vkws  uliicli  (roiii  a  liUtanoc 
■p|)ear  like  Pig.  :?:  are  found  on  nearer  acquaintance  to  be  more  like 
Fiy.  J?),  will*  an  easy,  open  valley,  and  pertiapa  a  running  stream  pass- 
ing i)iro)igb  what  seemed  to  be.  "  beyond  qncsiion."  a  solM  rtdge.     Illu- 


F*^  vf4,— EicTTfeH  C^'fiHmr  1HAK  rr  LtwKk 

sions  d(  this  kind  arc  often  very  perfect,  even  in  the  near  vicinity  of  the 
ob«ervcT.  An  example  on  a  small  suite  (small,  because  tlie  mind  realizes 
that  it  must  Ije  a  deception)  may  be  seen  in  ascending  the  Hudson  River 
When  upproachinK  Pct^k.-ikill.  especially  in  the  early  summer  eveninj^s, 
when  the  li^-hts  and  shades  are  such  as  to  produce  a  very  vivid  feeling 
that  it  is  a  closed  basin  without  further  outlet  to  the  north.  It  is  said 
lobe  on  record  that  it  deceived  Hendrlck  Hudson  himself,  and  almou 
induced  him  to  turn  back. 
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The  great  safeguard  agaimt  errors  of  thishiiid  I»:  Form  a  complete 
picture  oJ  the  waier-shcd  over  the  are^  to  be  reconnoitred,  so  that  it  is 
kito«'a  where  w^icr  tailing  on  it  anywlicrc  wil)  flow  to. 

IM2i  7.  The  eye  often  ileccives  iiGcIf  in  etiimtiiing  qtiantitici:,  for 
reasons  wliich  in  part  tesuli  from  wliat  lia*  preceded.  Most  scrioun  coii- 
>cqueru:c^  flow  from  ihi^.  Ir.i(iing  to  the  aljandonment  vritliout  survey  of 
lines — especijUly  vntlley-lineti  —which  nliuuld  have  bccii  regarded  as  tbc 


most  proinioini;  of  all.  Tlic  mot  of  the  dlRiculiy.  in  additioa  10  the 
various  ciiuftenol  deception  which  have  hecn  noted,  lies  in  the  Inability 
of  the  mind  to  ili.Htingniih  1 1)  between  what  aeenii  roufili  and  what  is, 
and  (I)  between  what  i«  rough  (or  foot  or  horse  travel  and  what  Is  rough 
for  railway  constniciion. 

The  extent  of  the  firel  cause  for  deception  will  be  hcrtcr  apprMiatcd. 
by  tlHisc  who  have  had  any  con»idcr»ble  experience  in  con«niction,  if 
they  will  but  recall  what  a  tremendou*  reduction  in  the  apparent  diRi- 
54 
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culty  o(  irork  follows  from  tbc  mere  kX.  oI  tlioroughly  cksriiig  \\k 
ground,  evert  if  there  u-cre  nothing  on  it  before  but  light  uDdcrgro«tli 
and  brush.  To  a  thoroughly  trained  eye  this  sliould  make  no  •pffcci- 
able  diflercnce.  yet  the  uiKonscious  (ccling  of  every  one  '\%  "well  b^un. 
half  done." 

1163.  When  lo  ordinary  limber  wc  add  laagted  vines  and  uitdcr- 
growlh.  making  progress  on  (oot  exceedingly  slow  and  difllculi,  ttiH 
ellcct  le  increased.  We  arc  apt  to  measure  dbtjiticci  b>-  time  under  M)cb 
circum6ianL-e3.Hullut.  If  wcwcntovcraii  aggregate  of  lo  mile*  atone  mile 
per  hour,  «n(l  o(  90  miles  ai  hve  or  six  miles  |ier  hour,  in  exploring  loo 
miles,  we  vliull  linish  niih  a  feeling  that  fully  a  third  of  the  line  haii  been 
very  rough.  On  thcothcr  hanri,  when  we  strike  a  highway  and  goalonti 
rapidly  over  the  ground,  we  at  least  never  exaggerate  the  dilRctilttct 
which  we  walk  over  the  hill  to  take  a  gUnce  at.  and  the  long  strcubes 
of  easy  country  are  what  wc  have  l>ecn  miMt  cooKiotu  of  and  remember 
ipo«t  vividly. 

In  Fig.  174  wc  have  a  sketch  of  a  jafc^cd  locky  point  in  a  river  valley; 
in  Fig.  37$  a  sketch  ol  a  line  on  u  gently  rolling  side-hilt.  Nine  men  ia 
ten  will  be  rstt her  appalled  by  ilic  rocky  Nulls  and  lake  the  side- bill  line 
very  calmly;  yet  the  chances  arc  very  strong  ifaat.  mile  (or  mile,  ibc  vjJ- 
ley-blufl  line  will  be  the  cheapest,  in  atJditioa  to  having  the  best  grailei. 

1164.  This  results  from  the  fact  thai  in  following  a  valley-line  it  is 
exceed i ng' y  "J '"'C^'  '"  make  due  allowance  (of  (he  fact  that  N'ATt'Re 
HAM  UAt)R  nUR  FtLU^  ft  may  be  necessary  to  hit  such  a  rocky  point 
)is  that  in  l-'ig.  174  pr«tiy  hard,  but  never  very  hard,  because  before  wc 
have  done  verj-  much  work  on  ii  we  have  excavated  enougb  nuuerial 
to  carry  the  line  past  it  on  a  fill,  even  in  a  raging  lorreni:  and  hence  wc 
brc  nni  nliHiji-d  to  hug  into  the  point,  as  on  ordinary  ground,  to  avoid 
running  our  line  above  all  aupporting  ground  In  thi;  hollow  beyond. 
There  arc  no  hollows  beyond.  As  toon  as  wc  have  pafr«e>t  this  point  wc 
come,  pmhatily.  to  a  narrow  but  suflicieni  stretch  of  bottom-land,  alread)- 
tip-r.-ipped  with  vegetation,  and  already  standing,  ai  all  bottoms  do  (when 
there  arc  any)  In  such  valleys  as  that  pictured,  just  above  the  ordinary 
level  o(  higli-water.  so  that  they  are  nut  often  overflowed  deeply  fu«ually 
once  in  10  to  jo  years),  or  else,  when  they  are  overflowed,  are  not  sub- 
mitted I  o  n  destructive  current  The  more  violent  and  rapid  ihe  onli> 
nary  current  the  less  likeliliood  there  is  that  the  bottoms  .ire  often  iSe- 
Stnictively  overflowed.  If  o^'er6owcd,  the  current  cannot  be  rap«d,  or  the 
bottomn  would  wa&h  away. 

Therefore,  when  wc  have  passed  the  rocky  bluff  in  Fig.  274  we  have 
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comfortable  running,  and  can  get  a  good  alignment  untEl  wre  come  to  ilie 
ncit  simitar  point.  At  every  one  of  them,  allhoiigh  we  ate  ilirowii  uut  to 
and  into  the  water.  Nature  has  providci)  i  he  ninicri,-il  to  resist  iliewAtcr  on 
the  spot.  The  profile  ol  such  a  line  is  very  apt  lo  be  quite  light ;  rdtltcr 
deceptively  so  in  fact,  since  there  will  be  a  sreat  deal  of  work  in  protect- 
ing banks  and  working  very  stcq>  slopes,  which  will  not  show  on  the 
profile  .11  all. 

1169.  f  )n  (he  other  hand,  in  Fig.  373.  gentle  as  is  its  general  effect,  we 
muM  etic  into  hut  ht!U  far  more  than  llie  eye  will  appreciate  in  order  to 
avoid  enormous  liiU.  If  the  slopes  be  at  all  steep  (th«'  might  well  be 
Meeper  in  the  view  10  bring  out  the  efleci  desired),  the  eye  when  reconnoit- 
ring will  underrate  the  depth  of  these  Dlls.  espcciatly  from  a  disiaiKC.  by 
taking  u  mental  »;ciion  of  them  on  a  piune  Honaul  to  /At  sUfi*  tnsmd  of 
on  a  vertical  plane.  The  loss  from  the  side-hill  slope  of  Uie  ground, 
likewise,  will  be  very  likely  to  he  under-csti mated :  not  that  the  e>-c  will 
not  exag^rate  the  slo|>e  of  the  ground  tclaiivcly  to  the  honiontal.  for  it 
will,  but.  by  a  sccmmg  pBradox.  the  angle  of  the  groiinil  wiili  the  side- 
slopes  of  a  cut  or  fill  will  be  raiber  underrated,  because  the  mind  inen> 
tally  cxiiffljeratea  the  latter  abo.  and  iitiU  more. 

It  is  almoM  ail  invariable  rule  that  tills  turn  out  deeper  tliaii  they  are 
eipecte<l.  uiiil  on  u  side-hill  line  most  of  the  water-ways  arc  in  [ills  of 
considerable  depth.  The  water  channels  are  alao  more  lamiTied,  and 
hence  more  numerous,  on  hiuh  slopes  than  lower  down  it\  the  valleys, 
where  the  total  discharge  is  more,  but  the  water  has  collected  In  larger 
streams. 

Much  expense  can  be  saved  on  side-hill  lines,  and  danger  «(  washouts  aa 
welt,  by  <at(hin)c  ihe  waiei  in  a  ilitch  al  or  a  llllle  below  ETitile  sncl  rnrryii^  it 
voder  the  road-bed  in  »  *m»\\  iiriKiuic,  wlih  the  foundaiioni  of  the  dixhargins 
end  of  the  ittuclurc  properly  secured,  intlead  of  jiutiine  the  »iiuc(ure  in  ibc 
very  bdllom  of  ihe  gulch. 

1160.  Cl^L-nr.>«rf  >re  another  Inccuant  soutcr  of  deception  and  error,  al- 
diougb  rather  due  to  ncKliKmcr  or  inetpetience  than  to  ocular  Eltusion  proper. 
It  cottsianily  happens  that  men  walk  into  ihctn  11*  a  mouse  into  a  mouiie.lcap. 
and  for  the  tame  icunn — blindly  following  one's  nose;  or  rather,  from  recon- 
noitring a  LiNx.  fool  by  foot  Hod  mile  by  mile,  instead  of  an  arba  as  a  whole.  A 
man  sees  a  beautiful  open  area  sbead  of  him  as  far  as  the  eye  can  teach,  prob- 
ably wilb  a  hiKhwAV  through  it.  He  ii  satisfied,  snd  looks  no  latther.  until  be 
comet  to  the  end  vl  it.  Tiirti  IT  ts  too  I.Ata.  He  has  accepted  his  line  *o  tar 
as  ■  finatily.  and  knows  no  other.  He  axtumes  that  he  can  do  nothing  belter 
behind,  and  '■  iheicfore"  must  ««  out  of  hi»  trap  ahead  as  best  he  tan.  L'nle»» 
be  is  cunfrontcd  with  very  sreat  difficulties,  h«  is  likely  la  do  so.     To  read  in 
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«o1d  print,  tbia  seems  an  improbable  bit  or  ilupidliy.    It  U  oim  o(  lh«  conunofl- 
««l «( (anlu. 

tl47>  A  single  instance  oa  an  important  survey,  a5ccting  jo  tnila  o(  Itw. 
Kill  illu<(mc  how  it  happens.  Inu  very  broad  flat  valler  whkhexiendciKartix 
or  eight  miles  Unher  ■  dry  run  was  cncounieieil  li  •iiik  Msumeil  lo  draU  lo 
the  arcM.  and  puMd  as  of  no  monM'nt,  li  really  drained  to  llic  cMt,  ihnwgb 
a  Mnall  rocky  overlap  about  two  miles  off.  whicli  opened  out  half  ■  tnile  t«- 
jrond  Into  a  broad  open  valley  leading  directly  lo  the  desired  lerminue.  Tbt 
titl-di-iat  gaic  a  fine  line  as  long  as  li  lasted,  and  Ihen  over  W  mile*  o(  raibtr 
henry  work,  wiili  bad  Kradet  dnd  bad  eurvrt.  yet  it  wa«  run  by  an  engineer  et 
Urge  CKperience,  and  came  very  near  being  buili. 

1160.  Of  ull  these  typea  of  ocular  deceptions  ibcre  are  man)-  varia- 
lions.  To  iliurougljly  ffuard  against  tliem  conien  with  expcftenrc  alone, 
nnd  rarely  with  tliai.  Umil  tlic>' have  been  kurne^l  by  expericitcc.  and 
the  ciigincer*  "personal  equation'  dcierniined.  verj'  writle  limits  ul 
error  alone  can  be  safely  assumed.  Nc\'crtlielcas.  provided  the  danger 
of  eiTOf  be  reali^d,  it  is  not  a  particularly  serious  one.  be<:au*e  erron 
of  the  eye  wilt  be  checked  by  surveys.  The  greater  danger  is  that 
the  untrained  eye  will  tell  sud)  wholly  delusive  tales  us  to  nuke  the 
worse  appear  ibe  better  course,  and  cause  that  line  or  pan  of  a  line  to 
be  rejected  without  survey  tihich  w-as  really  the  best.  To  guard  ogainn 
this  danger,  and  not  to  advise  subsii luting  the  eye  for  the  precision  cA 
surveys  except  within  known  limits  of  safety,  this  chapter  has 
written. 


1169.  .\  single  example  of  the  way  in  which  ocular  illusions  and  Kome 
o(  ilie  rauses  mentioned  in  the  previous  chapter  may  combine  to  lead  to 
wrong  conclusions  by  errors  of  rcconiiai usance,  pure  and  simple,  may  be 
of  value  to  save  the  studcrt  from  underrating  the  magnitude  and  im- 
minence of  the  dangers  against  which  he  has  been  cautioned.  It  sun 
marixct  the  (acts  of  s  very  imporiant  piece  of  line  on  nhich  a  numl; 
of  causci  combined  to  bring  alioui  calamilOLiely  wrong  conctusian) 
Tliose  particular  causes  for  wrong  conclusions  against  which  cautioBi 
have  been  given  are  primed  in  italics.  The  map  is  mc>dified  somewhat, 
but  the  other  conditions  arc  in  no  way  exaggerated.  Appendix  C  con- 
tains another  example,  and  the  writer  bad  made  a  list  of  nearly  a  dottn 
Others  which  he  hud  inteniled  to  annotate  similarly,  but  sp.tce  forbids. 

The  line  was  .ibout  lOo  miles  long  from  A  \XtG,  Figs.  176-7.  through 
a  region  of  much  dil5cully  after  reaching  the  crucial  point  B  at  If^ 
where  an  exit  was  to  be  found  from  an  easy  open  basin  surroundini 
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An  ttlittiiiktJ  itwiV  much-lraVflUH  highteay  foltowed  tiK  genvnil 
^routc  selected.  ABCFG^     The  puis  B  v!as  a  htlte  fiuifr  than  If,a.n6 
se«i(icd  lor  special  reasons  inucti  easier  tban  it  was.     7'fit  itiffiiultiVi  fj 
.t^HilructioH  mtrt  diUri^lttt  over  almost  tlic  entire  line  ACQ,  so  tliut. 


■  Fig.  vn- 

allhoueh  a  costly  lin«  in  the  aggregate,  the  work  wa«  at  no  point  of  » 
^iMially  (ofbiclding  chaiaetcr. 

Another  route.  AffDEG,  lot  these  and  other  more  pardotiablc  rea- 
tons,  was  nM  even  examined  until  too  late.     The  paw  A*  wax  slightly 
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faigher  >nd  mure  difliculi  oF  approach.  Upon  mching  it  tbe  outlook  (or 
Uic  next  (cw  miles,  lo  the  pass  />,— which  wm  inilccil  visible  (torn  B,  M 
teiiltl  nol  if  re^figiiiud  as  d  fiats /ram  that  diUaiut  awing  to  an  ovtrlafi, 
eo  that  tlic  Riuuinaiit  raii(;e  appeared  unbroken. — wns  over  a  deep  and 
U|$ly  basin,  and  so  was  cxceedinKly  forblddinR;.  Admitting  of  eaK)-  gradu 
but  plainly  rcr|u)ring  heavier  wx>rk  and  worM  alliinmcnt  to  get  them  llun 
any  airctcti  of  equal  tctiglli  on  the  otln-r  line,  Un  the  other  hand.  M/za- 
tire  diffi(ttUits  ,if  mnitrudiitH  were  coiu^nlrated  oh  thii  ihvrl  itrettk  ol  6 
iw  8  miles.  Once  ihtough  the  paan  D  {v»Hkk  eouU be  reachr(l /r^m  B 
wtly  teith  mutk  di^ully  and  a  ioHg  tieianr).  an  open  and  unobstructed 
valley  admitted  ol  a  light  and  straight  surface-line  lor  some  (o  milu  to 
Uie  point  £,— a  iraflic  of  special  value  to  the  line  being  distributed  from 
£  to  //.  At  /fa  valley  was  struck  leading  by  a  comparatively  ea^y  de- 
scent directly  to  the  terminus  G.  whereas  the  other  line  at^'was  sohtgh 
Above  the  valley  that  a  costly  sidrhill  deaocnion  aheavtcr  grudc  ontstlie 
only  resource.  The  comparative  profiles  of  the  two  lines  are  shoirn, 
without  exaggerating  the  contrajtt,  in  Fig.  177. 

The  dolled  line  was  in  this  case  superior  in  every  detail,  unless  pos- 
ftiblyincosi.  for  the  stretch  /f'D,  although  not  os'cr  8  miles  long,  was 
moic  cuuly  than  any  40  tnilc^  on  the  other  line.  But  the  grades  were 
nuterially  better,  the  line  shorter  and  wiili  less  curvature,  nnd  ihc  loc^ 
trutBc  it  oHered  was  many  limes  more  valuable  than  all  on  the  other  liac 
l>ut  together.  ^_ 

1170.  The  error  on  reconnaissance  Aif  in  fiassit^  iht  point  B  witli^^| 
oui  complcicly  investigating  all  the  possiblliiics  of  the  line  SD  belorft^H 
IcAving  it.  and  so  determining  for  a  certainty  that  the  ponibte  line  turn- 
ing of!  through  the  gap  to  the  left  not  only  began  bad.  but  continued 
bad.     ONCe  having  passri>  throucii  li.  and  accepted  that  pass  as  a 
linahty.  llic  case  wn*  hopclcfs.    The  two  lines  then  speedily  diverged 
from  ciich  other  completely,  till  they  were  40  miles  apart  and  ijoo  feet 
diHercnt  in  elevation.    C'then  became  another  fixed  point,  (rom  which 
there  was  no  possible  c«ca;>e.    /'  and /^  in  tlieir  turn  followed;  and 
when  at  last  the  long  and  i>|)en  valley  E  came  within  sight,  the  (also 
premise  that  H  mml  6t  Ike  pats,  now  70  iniles  behind,  made  it  a  Icgiti* 
niatc  and  logical  conclusion  that  it  ofiercd  no  possibilities  for  consii 
tion. 

1171,  ll.id  the  reconnaissance  happened  to  begin  from  G,  the 
would,  in  this  jiarticular  instance,  have  been  avoided,  for  the  natural 
tine  CAV/i>  would  almost  certainly  have  been  followed  in  'he  finit  in- 
stance, 00  natural  line  whatever  existing  in  the  direction !;//'/■■,  so  t1 
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piMti'tiof  ilie  whole  cottofthi;  line  was conccmratcd  OR  the  initial 
trctcti  QH'. 

Tills  verj-  circumstance  hon-ever.  with  the  conditions  of  relative  ad- 
vaiiia^'c  revctscd  (cspctiiiUy  witli  the  pa«  B  a  littie  less  tempting  and 
no  higlmay  alonji  O/'t'A),  nuuld  liavebeeiiulmott  certain  to  reituli  In  an 
«tror  precisely  similar  In  principle,  with  a  reverse  result.  Starling  sil  G. 
ihc  fine  open  line  OKfi  w-uuld  have  been  (ollowred  with  increasing  cei- 
uinty  that  it  was  the  only  line  to  Uke,  the  pOMibilityt//^' having  been 
(urncd  (rum  as  oiii  of  the  question  or  perhaps  impossible  (almost  cer- 
tainly the  Utter  with  an  inexperienced  man.  (or  it  took  inucli  skill  to 
rtbtain  it)-  Arriving  at  D,  the  rcconnoitcrcr  would  hnd  himself  in  a  rwA 
tle-taf.  caught  in  the  mazes  of  his  own  negligence  and  hasty  prcposses- 
stons-  A  beautiful  line  was  behind  him,  but  8  miles  of  tunnels  and  via> 
ducts  were  before  him.  from  which  there  was  absolutely  no  escape  witb- 
0411  goln);  back  again  to  C  mtntaUy  at  nv//  as  physitally.  and  picking 
out  the  tine  GHFC.  even,'  foot  nf  which,  while  nowhere  cxceistvcly  diffi. 
cult,  was  a  forced  line,  resulting  from  having  got  into  the  hole  c'  and 
having  to  get  out  iil  it  somehow  in  the  direction  ti.  Under  these  cir- 
cunutanccs,  there  being  but  tlic  two  lines,  so  widely  separated,  it  would 
have  been  well-nigh  a  certainty  that,  had  tlic  reconnaissance  began  at 
G  instead  of  A.  the  tempting  plains  GD  would  have  proved  an  even  more 
incsisiible  bait  than  the  pass  B  to  bias  the  mind  against  fair  and  com- 
plete examination  of  even  the  possibilities  of  ihc  other  line. 

1172.  The  writer  is  able  to  give  no  more  apt  lllustintlon  than  this  ot 
the  Importance  of  (critowing  the  seemingly  over-minutc  instruction*  of 
this  and  the  preceding  chapter,  whether  because  of  the  importance  of  the 
in^bincc.  or  becauK  of  the  salient  and  marked  topograph icil  features, 
which  do  not  confuse  the  mind  with  a  muhllude  of  detail.  There  was 
)iMi  one  point  on  the  line  of  reconnaissance,  and  that  i>oint  one  affording 
a  most  forbidding  and  helpless  outlook,  where  there  nun  reasonable 
chance  to  discover  the  error,  Gutstiitg  that  an  overlapped  mountain 
eight  miles  off  had  no  pass  through  It.  and  that,  even  if  it  had,  the  ragged 
eight  mites  which  could  be  seen  meant  a  ragged  eighty  miles  beyond  it 
which  could  not  be  seen,  and  which  was  smooth  as  a  prairie,  caused  the 
error,  lixamples  might  e.ixily  he  niuliiptled  of  similar  errors,  and  some 
of  them,  as  in  the  Instance  mentioned  in  Appendix  C  of  much  greater 
magnitude.  Valley  line*  are  particularly  apt  to  be  rejected  in  this  way. 
without  thorough  caamination,  because  of  supposed  obstacles  wbkh  ue 
largely  imaginary. 
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CHAPTER  XXIX. 


WKEK    TO   MAKE  SURVEYS. 


1173.  The  reconnaissance  having  been  thoroughly  and  carefully 
thc  moat  important  pan  of  ihc  location  is.  In  general.  c^Kludcd.  For. 
a&stiming  all  business  as  well  m  topographical  questions  to  have  l>een  m 
CArefolly  weighed  ai  Is  possible  in  advance  oE  survc)-s,  a  difference  be- 
tween any  two  lines  which  cannot  be  detected  by  such  an  examination 
can  hardly  be  a  vit»l  one.  seriously  affecting  the  future  of  the  property' 

NcVffthcTcss.  ftlihoiigh  really  ruinous  errors  can  rarely  conic  froni  u 
inadequate  amount  of  survcyinc  or  fron)  imperfect  balancing  oi  their 
nice  results,  good  or  bad  judgment  in  the  conduct  of  surveys  may  veil 
make  a  large  diffcfcnec  in  the  earning  capacity  of  the  line,  and  ■  still 
larger  difference  in  first  cost, — ^that  so  often  vital  consideration  lor  tlie 
original  projectors. 

t174.  Drawing  an  analogy  from  ihc  construction  of  a  building,  tbe 
reconnaissance  is  like  the  selection  of  the  stic  for  a  building,  the  dctn 
niination  of  lis  size  and  general  plan,  and  the  rough  but  (in  skilled  bands) 
close  guessing  at  Die  cost  of  comparative  plana.  The  survey  Is  tike  the 
prepftfation  of  the  detail  plan*  and  exact  estimation  of  cost.  The  coi»« 
siruciion  of  a  railway  Is  like  the  con.tt ruction  of  a  building  after  all  ibeM 
details  have  been  determined. 

1I7S.  The  seeming  pnrndox  IS  yet  true,  that  both  too  much  and  too 
little  time  and  money  is  generally  devoted  to  surveys-  Too  many  mites 
of  line  are  Kurveyei),  but  that  which  is  surveyed  is  not  surveyed  as  well 
and  thoroughly  as  it  should  be.  The  perhaps  dangerous  assertion  (dan- 
gerous because  it  may  give  an  excuse  fi>r  hasty  and  over-con Adeni  con- 
clusions) has  already  been  made  (par.  ii2ii).th.-iE  more  often  than  not  ilicre 
is  only  one  general  route  between  two  points  to  be  connected  by  raJIwa] 
of  sufficient  comparative  promise  to  justify  even  a  flying  line  over  it:  but' 
good  and  certain  reasons  should  appear  for  failing  to  run  at  Icaat  two 
lme:t.  Doubtless  sometimes  there  may  be  real  necessity  to  survey  three 
or  inure  lines,  but  ilic  writer  has  never  happened  to  meet  nidi  a  case. 
Considerations  of  policy,  however,  often  require  the  running  of  numcroi 
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lines  (or  which  no  cncinccririK  ncccK«ity  exists  and  in  the  siiidy  of  Ihc 
clctuih  o(  lociiiion.  over  disi.inccs  of  one  Xo  iwcniy  mile*,  liicre  aic  often 
a  dujteii  or  more  diAcrcnt  linrs  or  moilificationt  of  lines,  wliicli  will  re- 
quire t(>  be  attentively  ntudicil. 

Il7$i  Tlie  due  method  of  determining  whether  or  not  there  t!i  need 
to  uirvey  more  than  one  ituiienl  route  m  tlii.i : 

Havlog  carefully  examined,  in  the  manner  detailed  at  length  in  the 
pctcedlog  cliaiHei,  every  jxisaible  line,  and  having  gatliered  as  full  details 
as  possible  of  the  actual  con  and  tfradienu  and  resulting  irafBc  and 
earnings  of  other  lines  from  previous  experience  and  study  of  recorded 
results,  a  tnaximum  and  minimum  estimate  should  be  made  of  each; 
that  is  to  say,  it  should  be  said  <>!  e.ich.  "  This  line  wilt  up^iurently  af- 
ford gradients  of  —  per  cent,  which  csiimaic  cannot  i{-uarding  well 
the  *can»ot')  be  in  error  more  than  —  per  cent  citlicf  way.  giving 
a  range  (or  possible  error  of  judKnicnt  of  from  —  to  —  per  cent,     lis 

cost  will  apparently  be  about  t ■  a"tl  cannot  rani^  above  or  below 

this  estimate  more  than  —  per  cent  cither  way.  tt  will  reach  (such  and 
such)  sources  of  traffic  more  <or  lessi  than  the  cither  lines,  which  cannot 

add  less  than  S per  annum  to  the  net  revenues  o(  tlie  company, 

and  nii^lit  add  as  much  as  % .     In  the  minor  ilciarls  of  distance, 

curvature,  and  rise  and  fall  it  has  advantages  (or  disiulvaniagcsj  which 
may  be  coasidered  as  liable  to  aflect  the  future  revenues  per  annum  of 
tlie  company  by  from  t to  % ," 

II,  then,  after  making,  with  more  or  less  clabonition.  an  estimate  of 
this  kind  for  each  of  the  various  possible  lines,  it  be  found  thai.  Liking 
the  most  unfavorable  view  deemed  possible  of  that  line  which  seems  tlie 
best,  it  IS  still  a  better  line  than  the  most  favorable  possible  result  from 
any  of  the  others,  it  is  a  waste  of  time  aad  money  to  sun'ey  more  than 
one  linc- 

1177.  In  the  application  of  this  rule  there  is  real  danger  of  error,  but 
the  danger  lir»,  not  in  the  rule  itself,  but  in  careless  or  over-confident 
application  of  it:  not  in  taking  mer«  gucsi^s  at  maxima  and  minima  as 
decisive,  but  in  failing  to  niiikc  the  limits  wide  enough.  Even  with  the 
most  elaborate  precautions  all  human  Judgment  is  fallible.  No  amount 
of  surveys  will  do  much  to  prevent  an  incompcicni  man  from  selecting 
and  building  one  of  the  many  possible  wrong  lines  instead  of  the  on« 
right  line  which  lie  should  have  chosen.  On  the  other  hand,  no  amount 
of  dkill  and  rxpcricnce  will  make  a  m.in's  unassisted  judgment  as  lo  the 
abfioltitc  rrsiiltaof  a  possible  future  survey  anything  more  than  the  rudest 
of  rude  approximations.     NcvcrthclcM,  the  most  inexperienced  engineer 
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knows  iltat  a  line  in  avcnigc  country  cannot  «>S(  more  Uuin  the. 
Gotliard  Railw^iy  nor  less  tlian  the  cheapest  line  he  can  lind  record  of' 
ovcrihc  Illinois  pniirics.  and  that  ihc  grade  which  he  can  certainly  aitaia 
lic«  somewhere,  say,  between  a  level  and  2  percent.  A  modcme  amouni 
of  experience  nnd  skill  eaablcs  these  limits  to  be  much  contracted,  wbiic 
Kltlt  k-iivin|{  niiiricii)  enough  to  afford  as  nearly  absolute  «(ety  m  is  po»- 
sible  in  human  allatrx.  It  is  in  the  rash  and  over-confident  fixinf;  of  the 
limits  that  tlie  d;in!{er  liCH,— and  it  is  a  great  one.— and  not  in  the  delib- 
erate and  oon&(;iuu$  acting  upon  them  after  once  tiling  tliein :  (or  it 
'most  be  done  consciously  or  unconsciously  in  any  case,  sooner  or  later. 

1178,  Acting  upon  the  rule  given  will  generally  lead  the  quite  ine*' 
perienced  man,  moreover,  to  survey  two  lines  at  least,  as  it  Is  bttl  righL, 
that  it  should,  beaiusc  hit  limits  o(  error  arc  so  very  wMe-    The  unduly 
great  importance  attached  to  the  minor  detAtlt  of  alignment,  di&tan 
curvature,  and  rise  and  fall  is  responsible  for  much  unnecessary  survey*] 
Ing,     In  these  details  large  difTercnces  very  often  exist,  and  how  large 
they  are  can  only  be  determined  with  any  degree  of  precision  by  actual^ 
survey.     But  this  is  not  so  ul  irulttc  advantages,  nor  even  o(  gratles,  1 
do  sur\-eyx  belp  to  develop  the  (ormcr. 

1179.  Even  in  the  case  of  lines  through  difScult  country,  passing  over 
one  or  more  high  summits  and  with  no  local  traffic  to  consider,  conncct- 
itlgterminals  only,  it  will  in  general — although  with  not  infrequent  ex* 
oeptions^-bc  found  That  thorough  and  ftiithful  rcconnaissanee  will  remove 
all  doubt  as  to  which  is  the  proper  route;  many  details,  of  course,  requir* 
ing  extensive  examination.  The  lowest  pass  or  pass>e3  arc  so  commooly 
the  only  proper  place  for  the  line,  that  it  may  almost  be  said  to  be  a  law 
of  nature,  and  the  lowest  pass  can  be  determined  with  close  approxima- 
tion by  the  barometer  and  study  of  the  drainage  lines  alone.  The  natural 
advantages  of  routes  by  the  lowest  pass  result,  not  alone  from  its  lowneut 
but  from  the  iact  that  at  such  points  natural  causes  have  produced  more 
manageable  slopes,  a  greater  proportion  of  good  material,  and  a  shorter 
distance  to  pass  over  before  reaching  the  easier  and  more  practicable 
country,  affording  favorable  grades  and  cheap  construction.  The  lines 
from  Vera  Crux  to  the  city  uf  Mexico,  deserilied  in  Appetidix  C.  are  an 
example  on  an  immense  scale  of  ilie  certainty  with  which  a  single  gen- 
eral route  can  be  picked  out  as;ilonc  wurihyuf  instrumental  examination, 
even  in  regions  of  the  most  extreme  diCliculty.  Too  much  is  trusted 
to  surveys,  because  only  the  facts  detennined  on  survey  are  taken  into 
ronsi deration.  As  a  rule,  the  general  route  may  safely  be  selected  in 
advance  by  reconnaissance  merely.     11  the  engineer  be  not  able  to  select 
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wiMfly  utihMit  aurvcjrs,  he  will  be  no  better  able  uder  the  mrvcys  are 
completed.     F!ut  li  this  rule  tberc  are  exceptions. 

UBO.  In  such  cases  as  Fig.  27S.  where  there  is  a  certain 
nulurul  line  wliicli  nianaKCS  to  miss  three  or  (our  consider- 
^<  I  able  towpis,  CDEF.  lines  running  to  and  into  those  towns 

should  always  l>c  riii>,  as  shown  by  the  dotted  lines,  m  liether 
'IC  iJi^  other  line  is  run  or  not.  This  \%  a  very  common  case, 
because  towns  arc  apt  to  be  in  hollows  or  otberwite  incon- 
venient of  access,  and  a  better  grnde.  »  well  as  cheaper 
right  of  wa)'.  can  often  be  had  by  keeping  away  from 
them. 

The  dotted  line  in  Fig.  17S  is  a  very  awkward  looking 
line  by  com  pari  ton  with  the  solid  one.  but  if  its  comparative 
length  be  carefully  measured,  it  will  be  found  to  ditler  but  a 
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[trifle  in  lene:th  while  its  operating  advantages  are  materially  G:reater. 
nnlcas  its  grades  should  be  decidely  against  it. 

tfdi.  In  such  cases  as  Figs.  279.  ito.  the  tine  running  through  SC 
should  likcwiiv  be  always  run.  This  is  more  likely  to  be  done  with 
Fig.  279  than  with  l-'ig.  zSo.  In  each  the  distances  /IB.  SC.  and  CD  are 
precisely  t]>c  same:  buttbeangular  deviation  from  the  desired  direction 
is  greater  in  Fig.  iSo.  making  it  correspondingly  repellent.  By  varying 
the  intermediate  distances,  leaving  the  aggregate  the  same,  much  greater 
contrasts  can  be  obtained,  as  the  reader  can  find  out  in  a  ratlKr  in- 
Btructivc  way  with  a  piece  o{  black  thread  and  a  (ew  pins. 
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CHAPTER  XXX 


THE    FIELD-WORK   OF   SURVEYS. 


lie?.  In  Bcncml.  ihc  economical  manner  of  making  surveys  of  a  rovte 
which  ic  has  oiirc  been  <kci(led  tomrvey,  anil  which  offers  ^ny  tipprcci- 
iiblc  (liflicukics.  is  us  (iillows: 

The  survoyi  should  be  pbnncd  from  the  hctcinning  with  the  idea  rhu. 
1I(>I  less  ihiin  three,  geneiully  (our,  and  Ircquently  live,  successive  \\m 
wil]  \x  run  over  Ihe  route  for  llie  purpose  of  fully  ci)m[iletin[{  ilie  fiittl 
location,  vix.:   An    expi.o)t.\TloN  line.   riRSr   preliminarv.    5K<..UiND 
PkEJ.JMINABV,  IlKSr   I.OCAIION,   FINAL  I.UCA  rios".     The  .ittempl  to  (in 
u-iih  less  thun  tliison  lines  of  any  considcrnblcdifficiiky  isf.ilsc  eixiitomy: 
or  rallicr,  it  is  sn  stlempt  at  economy  which  Hoes  not  usu.illy  rc*ult 
any  real  onving  of  cither  time  or  money,  even  in  the  mete  direct  cunt 
the  survey,  while  it  doni  seriously  end.iiiKcr  the  excellence  (rf  the  cotn- 
piclcd  work.     Ktinning  what  may  appear  to  be  so  m.iny  lines  doc*  not 
ncces«»ri1y  involve  devoting  much   mure  time  to  purveys,  but  onlv  dtf- 
tribiiting  ilic  wijrlc  somcwlut  EHRcrently. 

1IS3.  Fint,  the  tXPLORATiON  Linc.  or  urhnt  is  i>opiilitrly  called  a 
'■shoo-fly"  line,  should  be  run  as  rapidly  as  possible  over  the  entire  route 
which  it  is  contemplated  will  uUimatety  constitute  the  road.  In  the 
cnse  ol  very  long  lines,  circumstances  may  make  it  necessary  to  carry  on 
and  complete  the  surveys  by  section*,  but  this  is  to  be  rcgmicd  niwl 
avoided. 

The  pur{)u.ie  o(  this  first  line  >houtd  be  merely  to  get  a  general  idea 
of  the  topuKrapliy  ol  the  country,  and  especially  of  llie  ^radienti^  and  it 
should  be  passed  over  all  alternate  routes  which  it  is  proposed  to  »iin-ey 
later  a$  they  arc  encountered,  No  attempt  lo  study  the  jocuion  ip  de- 
tail should  be  made,  except  to  make  sure  thai  the  line  being  pa»*ed  over 
is  certainly  feasible,  and  probably  on  the  most  favorable  ground  in  ti>e 
vicinity,  especially  in  respect  to  gradients. 

For  this  line  a  mere  compass  line  will  not  only  answer  as  well,  but  is 
in  general  decidedly  preferable  to  a  transit  line,  except  in  easy  open  couii- 
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'iry.  lorrcBKonsdiKUSMd  in  par.  11 85.     It  gives  a  mere  string  of  distances 
and  ckvatitns  from  which  to  construct  a  scheme  of  grades  ^nd  Ujr  out 

tlhc  line  as  a  whole.  The  (oltowlnj;  line  is  not  guided  by  il  in  any  ac- 
cotalc  way,  r)or  ia  even  a  map  of  it  to  a  large  workiag  scale  generally 
wotth  the  making. 
The  limit  of  »pccd  wilMic  in  thclcvcHing.  and  accordingly  tworodmen 
should  be  used  if  there  be  only  one  leveller,  or  better,  two  complete  level 
parties  (especially  if  the  country  is  at  nil  rough),  to  be  jumped  over  each 
Other's  heads.  This  extra  force  doe*  not  expedite  the  vrork  enough  to 
pay  if  the  levelling  only  were  to  be  considered,  but  as  (he  time  ot  ilic 
vrlinlc  party  is  tu  be  considered,  it  does  pay.  and  it  is  to  some  exirnt  a 
safeguard  af[aln^t  errttrcas  the  levellers  arc  not  so  hurried,  Sometimes 
an  extra  man  to  keep  notes,  with  two  rcdmen,  may  be  preferable  to  two 
level  parties. 

»A  full-scxle  profile  of  the  ordinary  form  mayor  mxy  not  be  made, 
h  will  probably  be  awastcof  ijme  to  make  ii  for  the  entire  distance: 
but  a  small  scale  profile.  10  about  one  tenth  the  usual  hori/onial  scale 
jtn<l  one  fifth  the  usual  vcrticul  scale  (par.  90$).. should  by  all  mnn»  in  all 
cases  be  made.  Pig  aSt  sho»s  one  form  of  stich  profile  for  a  con)plcted 
road,  to  a  scale  of  about  one  inch  per  mile,  u  engraved,  which  was  uri|ii< 
Baity  4000  feet  per  inch,  or  ten  times  the  tisiial  profile  scale,  ti  Estin- 
neoesmry  10  encumber  a  similar  profile  for  location  purposes  with  details 
of  the  minor  structures. 

Following  this  line  comes— 

1184  S/(mdfy.  THE  I'kKi.tMlSAltv  LINK  pfopcT  (whlch  may  be  two 
Sitcccisivc  lines),  which  is  to  «crvc  as  the  basis  for  the  Tmal  location.  On 
this  line,  in  all  but  very  easy  cminiry.  careful  topography  should  betaken, 
and  taken  tn  iHc  field,  in  the  manner  considered  in  Ch^tp.  XXX!.  The 
purpose  of  the  preliminary  is  in  serve  as  a  Inimcwork  for  this  topog- 
raphy and  the  lo<'aied  line,  :iiid  it  is  run  tu  follow  closely  t)ie  ground 
where  the  location  is  likely  to  lie,  as  nearly  as  the  eye  can  esiimiite  it. 
usii^  any  angles  which  conic  handy  for  this  purpose.  Fig.  z%i  shows 
hnvi  itwtywll hxaud  preliminarv  is  apt  in  lie  with  relation  to  the  lo- 
eaied  line,  being  very  cl>»e  to  it.  aiid  yet  entirely  indqwndent  of  it.  The 
atcrvge  prcliminiiiy  will  diverxe  from  the  location  mon*  tiian  thnt  shown. 

Thin  line  al«>  may,  without  any  serious  disftdvantage.  ami  with  cer- 
uin  considerable  advantages,  be  a  compass  lln-r.  if  any  time  is  thereby 
saved  to  bcdcvoted  to  more  im^ion.int  matters.  The  only  advantage  of 
a  transit  hue  (and  it  is  a  slight  oncj  is  that  it  enables  llic  map  in  be  some- 
what more  accurately  made.    The  located  line  does  not  cotnciile  with 
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I  the  preliminary  at  any  poiflt.  unless  by  accident,  nor  i>  there  any  EntcD- 
tion  ihat  It  should,  nor  is  the  location  checked  by  the  preliminary-,  to  any 
M  extent,  but  by  the  profile  and  topography. 


Fic  )••.— Fbiumhaiv  .»cd  Locatrd  Lihb, 


TRANSIT  V$.  COMPASS  I,IK£8. 

Tt8S.  An  unrcasonshic  prrjuilicr  cxiMs  in  ihc  minds  of  some  engi- 
neers afc'i'"-'"  compom  line*.  bcukUM  o(  a  fal«c  uuumplion  thai,  because 
there  is  a  certain  lack  of  precision  :n  it.  the  work  is  thcrefoFc  inaccurate. 
On  the  contrary,  the  chance!!  of  nubiiiantiiil  accuracy  in  the  final  miili. 
considered  as  a  whole,  are  belter  wiUi  the  compass  ihun  with  a  hasty 
transit  line  (it  beinj;  assumed  that  no  local  attraction  exists),  since  largo 
cumulative  errors  cunnot  occur  in  the  one  case,  while  they  can  in  the 
Other.    This  is  evident  if  we  consider  how  the  two  lines  arc  run. 

A  compass  line,  strictly  so  called,  is  run  entirely  hy  foresight,  guided 
by  the  needle  alone.  The  chief  of  party  goe«  first,  accompanied  hy  the 
"  back  flag,"  who  is  now  a  front  flag,  and  picks  out  the  points  to  which 
to  run  (unless  a  straijcht  line  is  being  run.  whrre  the  line  is  )pven  from 
the  instrument  as  soon  as  the  compass  hiis  come  to  rcst>.  The  cjiain- 
men  follow,  the  head  chainmnn  lirhind.  chaining  in  a  straight  line  as 
neatly  as  the  eye  c.-in  dt-tennine  from  the  point  where  the  instrument  la 
standini;  toward  the  flag.  .As  the  line  is  siKhivd  in  by  foresight  this  is 
near  enough  for  all  practical  purjioses,  since  more  than  two  or  three 
inches  dcvifliioii  is  not  prolable. 

The  iransiiman,  or  rather  compassnian.  Is  at  tlie  rear  of  »hc  whole 
party,  and  simply  take*  the  bearing  of  each  line  hy  ihc  needle,  or.  if  a 
given  line  is  to  be  continued,  gii-cs  the  proper  line  to  (be  Ragman  in  ad- 
vance as  nearly  as  it  can  be  determined  from  the  needle.  If  a  tree  or 
other  obstruction  is  met.  the  insirument  is  simply  moved  to  the  other 
side  of  it-  placed  on  the  same  line  prolonged  as  nearly  as  may  be  (it  may 
be  a  foot  or  even  two  or  three  feet  off*,  and  reset  to  the  same  bearing.  If 

K.»-nr<.<.iy  rcsct.  It  Will  givc  3  linc.  not  ihe  same  a*  the  original,  but  pat- 
reto.    Usually  there  ts  a  few  minutes' error  in  each  bearing  to 
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one  side  or  the  other.  On  the  other  hand,  when  tlM  line  behind  it 
visible,  it  ii  very  oommon,  even  in  ninning  compass  lines  to  run  bt  hu-k 
sight  (or  considerable  distances,  &s  on  a  transit  line,  or  at  least  to  cbKk 
the  bearings  thereby.  Tliis  practice  docs  not  especially  conduce  to  r 
ftccuracy.  however,  but  rather  the  contrar)-. 

1186.  A  transit  line,  on  the  olher  hand,  is  run  entirely  by  back  sigln 
from  sn  accurate  sight  on  a  plug,  nnd  all  angles  arc  measured  exactly 
the  vernier.     It  in  very  much  more  precise  than  a  compass  line,  ud 
the  only  suiubic  method  for  tunning  in  location  lines,  and  tlie  only 
method  now  practised,  although  it  iras  not  used  in  the  earlier  days 
railways.     It  has  thesediMtdviiniages; 

I.  It  tequirci  the  cutting  away  of  all  obstructions,  or  tedious  olti 
around  them,  thus  causing  great  loss  of  tin>e  and  iiccdicss  dcsirurtioo 
vegetation. 

i.  \ny  error  in  measuring  or  layii%  ofi  an  angle  is  cumulative,  or 
Continued  indelinitely  in  ploiilnglhe  notes.  To  guard  against  this,  tfae 
unxlcK  in  well-cunilucii^d  tranait^work  are  always  checked  by  the  n 
but  nevertheless  this  dnn^r  <:ituse»  frequent  annoyance  in  practice. 

3,  The  angles  measured  arc  never  used  as  such  in  propeily  condncti 
mapping,  but  have  to  be  reconverted  into  hearings.  This,  hovcvcr.  is  a 
small  matcer.and  may  and  should  be  avoided  in  the  manner  described  itt 
par,  134^ 

1107.  On  the  otiRT  hand,  there  is  this  to  \it  said  for  the  transit  line — 
that  it  is  not  unfrcqiicntly  the  c^«e  that  on  time  is  saved  by  using  the 
compass  instead  of  the  transit,  since  the  level  limits  the  rate  of  progress 
In  any  case.  When  this  is  so.  it  Is  undoubtedly  ax  well  to  run  the  more 
accurate  line,  and  wherever  there  is  danni-rof  local  nttraction  it  is  the 
only  proper  one  to  run.  But  it  should  be  clearly  recognized  that  the 
transit  line  is  to  be  preferred  only  for  these  reasons,  and  thai  wherever 
they  do  not  obtain,  tlie  true  engineer  wilt  immcdlaiely  adopt  the  com 
instciid.  'llie  not  infrequent  notion  that  the  use  of  the  compass  Is 
rogatory  to  his  skill  and  unworthy  of  him.  simply  because  it  is  less 
Gtw.  Is  absurd.  Under  the  doctrine  of  chances,  which  is  as  well 
Kslicd  as  the  law  of  gravitation,  the  probuble  average  error  in  a  ivrii 
of  oliservailiins  decreases  as  the  square  rout  of  their  number*  If  in  a 
single  observation  it  he  10  ft.,  in  loo  observations  it  will  be  only  1  ft. 
each,  and  in  loiooo  observations  only  0.1  ft.  For  all  the  Icgimate  uses 
of  preliminary  lines  fthcy  are  sometimes  used  illegitimately)  such 
in  no  way  detract  from  its  value  and  utility. 
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1188.  The  writer  ba&  not  (ound  thai,  even  wlien  the  Impcrfcctioiu  o[ 
fiiappiiig  are  reduced  as  they  should  be  by  the  use  of  larf^  scales,  the 
superior  ptccistun  ol  the  transit  is  of  much  practical  ii>onicnl.  und  be 
Il-cIs  a  pfc[crcr)c«  for  itic  use  of  thccntnpa^  on  prcliminancs.  other 
tilings  being  c(|ub1,  believing  thet  it  is  c&sier  for  all  concerned,  and  that 
(here  16  less  djinger  of  (iiving  thought  10  splitting  tackx  with  the  croM- 
h;iir?  whidi  might  better  be  given  mniten  of  iniporunce.  It  is  well  for 
tlte  locating  engineer  to  b^  ffcqueniiy  reminded,  especially  in  acquiring 
fais  training,  that  instrumental  accuracy  is  not  an  end  in  location,  as  in 
ordinary  surveytni;.  but  Mmply  a  means  to  an  end;  thai  ii  thoroughly 
exoelleni  location  may  be  made  with  the  level  and  cliain  alone  with' 
out  other  Inrtninients.  and  that  a  bod  line  a  not  a  whit  better  (or  being 
inklni  men  tally  precise.  No  angular  or  Itncikl  error  which  is  not  great 
«noui(li  to  affect  the  riding  of  the  locomotive  over  ilic  track  is  of  uliJ* 
mate  importance,  while  on  the  other  hand  errors  of  judgment,  or  unwill- 
ingness to  disturb  an  accurately  run  line  with  a  "  good  "  profile,  arc  evils 
ot  great  importance.  A*  It  ii  always  easier  and  in  the  end  le^  eonly 
to  be  accurate  than  inacctiraie,  the  good  engineer  always  will  be  accu- 
rate in  all  cK^entinls,  but  he  will  ttut  waste  time  in  attempting  unncces- 
aary  precision  which  (iocs  not  add  appreciably  to  tlic  linal  value  of  his 
work. 

Il09i  'Hie  levels  should,  on  the  preliminary  lines,  be  kept  correct  by 
■checking  on  the  exploration -line  bencbei  and  re-running  all  doubtful 
sections,  at  any  iieeming  coat  to  the  pru(;ress  of  the  survey.  No  time  is 
saved  in  the  end  by  doing  otherwise.  No  time  should  be  wasted  in  try- 
ing to  keep  the  stationing  eunliiiuoutt- 

1190.  Whenever  the  country  becomes  quite  niugh,  and  especially 
where  a  grade-line  Is  10  be  fitted  to  the  ground,  the  preliminary  line 
should  from  the  beginning  be  divided  up  into  two  l>y  running  a  lint  and 
second  preliminary.  It  might  seem  a  tMtter  way  of  ex|ir«»ing  the  same 
iniUi  to  say  that  when  ever  it  is  iound  that  any  section  o(  the  preliminary 
does  no*  come  sufRcicnlly  near  to  where  the  linal  line  will  in-,  it  should 
be  run  o\'er :  but  that  is  not  true,  and  that  plan  of  conducting  nurveya  is 
more  likely  to  result  in  loss  of  time  and  bad  work.  The  true  way  uf 
cooductintg  surveys,  from  beginning  10  end.  is  to  recognize  in  tlio  begin- 
ning where  there  is  likely  to  t>c  difficulty  and  to  nm  additional  preliniinury 
line-s  ctiMn.F-TE  over  tliose  section*,  thus  gaining  opportunity  for  more 
careful  study  and  more  thorough  knowledge.  Even  then,  there  will  be 
occasions  enough  when  It  will  be  uecessnry  to -b.ick  up"  and  correct 
false  steps  from  time  to  time  on  all  the  lines,  to  doing whicboccasionaJly. 
S5 
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of  courw,  h  is  not  Intcnflcd  to  object ;  bul  in  cases  wbeit!  there  wctni 
more  than  an  even  chance  that  the  "backing  up"  will  be  a  larj[c  Inaioa 
of  ibc  advancr.  it  is  always  good  practice  to  i:ive  up  from  the  first  ab 
idea  of  completing  the  preliminary  work  with  oiic  line. 

I19l>  When  two  preliminaries  are  thui  tun  in  succession,  ihey  shnuM 
in  general  be  frequently  tied  together  and  plMivd  on  the  same  sihcviB  ao 
•s  to  give  continuous  (opuKraphy,  all  errors  in  the  ptoitInK  («h»eh  aith 
good  work  should  be  stnall)  being  left  in  the  tie-lines,  and  the  angles 
and  distances  of  tlie  second  preliminary  not  distorted  to  m^kc  a  m. 

1192.  In  citrcme  cascs>  as  in  that  shown  in  Fig.  :i6  and  othen,  the 
difliculltes  of  loution  are  so  great,  for  short  distances,  that  all  uJca  of 
determining  the  linal  location  from  lines  must  be  Bbandoncrl.  and  n  com- 
plete topographical  siudyoi  the  difiicult  section  made,  after  the  fashion  of 
wlut  Wits  formerly  customary  on  surveys  for  English  railways.  B«t  such 
casei  are  very  rare.  aind.  in  general,  working  from  single  lines  is  all- 
sufficient. 

1193.  Tkirdfy.  The  LOCATION  UNe.—Thi!>  line  also  should  tagencnt 
be  divided  into  two  and  done  twice  over,  complete. 

It  will  save  time  often  and  money  always  and  is  the  only  safe  way  to 
Insure  good  work.cspccially  where  it  is  ncccsiary  to  entrasi  a  part  of  the 
ifork  to  men  of  little  experience.  The  first  location  should  be  made  ap- 
proximately correct  as  it  goes  a)Ofl){.  by  backing  up  to  correct  the  mnrt 
serious  and  cvideot  defects^  but  it  is  far  better  tluit  aD  minor  rhjinf^ 
and  modifications  sliouid  be  merely  studied  and  thought  over  as  the  nm 
location  advances,  and  i)i at,  after  completing  the  Arsi  line  and  taking 
adequate  cross-sections  ol  it  or  of  a  considerable  part  ol  il.  the  pany 
should  be  recalled  to  run  the  whole  of  it  over  again,  aided  bjr  iu  plooed 
cro>s>sections. 

fl94.  This  results  not  only  from  the  direct  advantage  of  having  ilw 
details  of  the  whole  line  at  once  to  study,  but  (mni  tlic  fact  that  the 
prublem  IS  studied  more  coolly  and  dispassionately,  with  the  aid  tA  moee 
extended  knovrledge  and  experience  (the  whole  pany  being  now  skJIIod 
in  their  work),  and  without  thai  strong  indticement  to  tolerate  bad  work 
and  "  let  wrell  enough  alone"  which  is  derived  fmm  the  tedious  and  (ret- 
ting process  of  -  backing  upL*'  A  little  consideration  of  the  weakne^ss 
of  human  nntiire  will  make  It  clear  why.  fur  many  reason*,  this  should  be 
so;  and  the  writer  cannot  urge  too  strongly  that  really  rochI  work  ean- 
nm  be  otherwise  scciiml.  under  tl>e  rondiiious  which  usually  prevaiL 
Unneeeitarily  iharp  and  frequent  curvature  will  be  led  in  the  line :  side- 
bill  work  on  steep  slopes  will  have  its  centre  line  a  foot  or  two  oni  vA  its 
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[proper  place.  aii<l  be  unnecessarily  heavy ;  rock  cuts  will  be  run  into  lo 
r'Mve  fill*,  and  roaay  simllikr  im  perfect  ions  be  led  in  the  line,  which  are 
not,  indeed,  ol  creat  oumparative  niunient  lt>  the  line  itself,  aince  they  do 
not  injure  tls  eomingr  capacity,  but  which  are  olten  of  serious  moment  to 
the  temporary  owners  of  the  line,  by  increasing  Us  first  cost  beyond  the 
nits  of  their  meaas,  so  that  it  fmally  passes  out  of  tlicir  hands. 
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Oltr.AinZATION  OF  PARTY. 

tl99<  A  locating  party  should  be  full-handed,  especially  in  the  lonret 
ranks.  To  du  oihcrwlsc  is  false  economy.  The  organixation  should  in 
general  be  as  follows  : 

I.  ChitJ ■)/ parly,  with  nothing  to  do  except  to  keep  hin  eyes  open. 
Even  in  the  cdsicsi  cotintry  It  ix  mistaken  economy  to  attempt  to  have 
im  run  the  transit,  and  it  is  now  rarely  attempted. 
I.  The  transit  party.  consiatinK  of  trantiilman,  head  and  rear  chain- 
DWI,  back-Bag.  stukeman,  and.  In  woudcd  country,  a  M;p<.TabLin(lnncc  of 
aseraeo.  From  four  to  eighi  ran  be  advanuageously  nwd  where  there  is 
much  wood.  .-\t  lca«i  one  bcxirirx  the  stiikcman  is  generally  economy, 
even  where  there  is  no  clearing. 

3.  TAe  Itvfl  party.  conxiKting  of  leveller,  rodman,  and,  in  wooded 
country,  one  niceman  and  pqc-maker.  la  open  country  this  axeman  b 
unnecessary:  but. on  the  other  band,  in  such  country,  «incc  the  level 
limits  the  speed  ol  the  whole  survey,  two  rodmen  can  generally  be  em- 
ployed to  advantage,  since  Ihey  expedite  the  work  somewhat. 

4.  The  top<^raphic<il parly,  vaiyin)-  from  one  to  three  or  four  men. 
aocordii^(  to  the  country.  This  party  is  usually  not  full  enough  (or  true 
economy. 

;.  Tkt  Iraitiportatiim  and  eamp  outfit,  in  a  full  party  usually  conxist- 
ing  af  n  cook,  and  one  or  more  teamsters,  with  a  coramUaary.  who  looks 
alter  all  cmnp  movements  and  expenses. 

Thui  a  (ully-orKaiiized  locating  party  in  diflicutt  country  will  often 
consult  ol  as  m^ny  as  lO  Of  34  men ;  but,  on  tltc  other  tund.  tn  thickly* 
settled  regions  and  easy  country  often  not  more  than  8  or  10  arc  neoes> 
sary. 

RlXNNtNG  IH  THE  LOCATION. 

1196.  In  smooth  and  nearly  level  regions  the  notes  for  the  location 
line  may  be  made  up  from  the  notes  of  tltc  prclimiitaiy  surveys,  almost 
without  mapping  them  at  all.  and  certainly  with  very  little  topography. 
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Oclinarily,  however,  n  narrow  belt  ot  topoKnphy  is  Iwlli  cjipcdicni  Jin«l 
occcsury.  U  the  preliminary  work  has  been  skilfully  conductMl.  it  will 
need  to  be  but  narrow.  On  this  topography  a  "  paper  location" 
BUtile.  in  the  manner  we  nhall  consider  later :  full  noM»  of  the  proie 
alignment,  and  of  the  points  of  curve  and  tangency  taken  oil.  and  a  j 
file  of  the  paper  location  made. 

The  purpose  of  the  location  field-work  \*.firit,  to  put  this  paper  ioor 
tion  on  the  ground  so  as  to  aHord  at  least  as  Kood  a  profile  as  die 
"  paper"  profile,  and,  setondfy,  to  study  the  line  thus  put  upon  ibe  CTOuad 
in  more  detail  tlian  wai  possible  bcfote  the  preciM  position  u(  the  liiM 
had  been  su  accurditrly  fixed. 

In  running  in  lliu  notes  u(  such  a  paper  locaiJon,  the  most  experienced 
chief  ui  i>arty  never  expects  that  the  notes  can  be  followed  in  the  lie! 
wLihuui  some  siiglit  eorrccilun  at  almost  every  curve.  The  proliie  wi| 
be  found  to  be  rumiint;  too  high  or  too  low ;  errors  in  the  (icld-work  an 
the  topography  will  be  discovereil :  new  changes  of  alignment  will  tufp 
Kcst  iheinsclvea,  and  in  other  waya  changes  will  be  made.  Nevenhdnn. 
ihc  corrcspondtiicc  in  gcnenil  will  be  very  close  ;  so  much  «o  that  it  wi^ 
be  dilBcult  tc  distinguish  the  l«per  and  actual  location  prorilc.  Th 
may  both  be  wrong  and  bud,  but  they  are  apt  to  agree  with  ejuh  other 
4iuiic  closely. 

1197.  No  new  topography  should  be  taken  with  this  line,  but  insuad 
of  it  croB8-9cction»  only,  extending  from  }o  to  loo  feet  oo  each  sid*. 
accortling  to  louility.  These  cross-sections  should  be  plotted  as  closely 
logrthcr  lis  clearness  permits,  with  THE  EVEN  stations  at  UNiromi 
DlSTAXCKS  AP.vRT.  cvcn  at  ihe  exponiO  of  crowding  the  sections  so  iKit 
they  overlap  each  other  greatly,  which  does  no  particular  harm.  Tbc 
character  ol  tlie  material,  and  especially  the  precine  limits  of  the  ^xll 
should  lie  carefully  determined.  Boring  tools  of  many  difTcrrnt  for 
(the  simplest  of  which  is  the  common  post-augur)  are  readily  oblaiae 
by  which  it  may  be  positively  determined  wlierc  the  rock  lies,  at  no | 
cost,  and  much  perhaps  needless  expense  saved.  It  i»  a  vpr>'  comma 
thing  lo  have  shallow  rock-cuis  lurn  up  in  the  l)oltom  of  c^icavatic 
whicli  iirc  a1wa>-s  disproponiontitcly  expensive,  and  often  might  as  well 
as  nni  have  been  avoided  ahngcthcr. 

Aided  b>-  these  cross  sect  ions,  the  location  should  be  carefully 
studied,  not  by  the  construction  paries,  who  have  other  things  to  ihinl! 
of  and  are  often  incompetent  for  the  work,  but  bj-  a  location  iwny  t 
rerun  the  entire  line  complete.    There  will  still  be  chances  enough 
the  construction  engineer  to  improve  on  it. 
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1)96.  This  Ust  work  csp«cUlly,  and  in  (act  all  running  of  cunna  hihI 
Uiigrms, »  gfcaily  faciliuitcd  by  the  use  of  a  proper  system  of  innvition 
curves.  What  transition  curves  fire,  and  why  they  can  never  be  omitted 
l(  an  Cftsy-ririinj;  road  \*  to  be  obtained.  Iiave  been  already  stated  (f""^ 
379-81).  and  the  proper  mctliod  of  running  them  in  is  given  in  the  field- 
book  which  follows  this  volume.  It  would  lead  us  loo  for  to  attempt  H 
in  this.  The  nvturc  of  the  advantage  which  they  give  in  making  a  good 
location  is  this : 

All  transition  curves,  by  whatever  melhod  they  arc  ran.  must,  (rom 
their  very  nature,  have  tlie  form  shown  in  Fig.  383.     The  actual  tangent 

must  lie  parallel  with 
and  outside  of  (at  a 
given  oflsct  from)  what 
would  be  the  tangent  if 
the  main  curve  were 
pr<>longe<1  to  include 
tlie  whole  a")j;l«  turned. 
In  al)  the  systems  of 
transition  cur\-es  which 
have  been  put  before  the 
public  by  others  than 
the  writer,  so  far  as  he 
knows^  these  ofTsets  are 
Fic  t«).-T™c*i.  T««»iTK«.  Ci»«.  flxrrt.  which  make  run- 

P:lfann  In  a  considerable  addition  to  the  licld-work,  but  even  then 
I  likely  to  have  a  certain  bcnehcial  eflecl  on  the  consiniction.  lor 
Oic  reason  that  the  curves  of  natural  slopes  generally  case  themMlves  oS 
In  this  manner. 

im.  Hut  In  any  entirely  satinfoctory  system  of  transition  curves  any 
oUsct.  great  or  small,  within  wide  limits,  should  be  capable  of  use  with 
any  curve,  because  it  will  ver>-  matciiatly  add  to  the  fiexibility  of  the  tine 
and  (dCilitate  its  adaptation  to  the  inpo^raphy.  If  we  consider  the  tran- 
sition curve  S3  a  cubic  parabola,  tlic  only  difference  which  the  otiset 
makes  in  the  curve  is  to  increase  ii«  length  In  proportion  to  the  S4(;are 
ROOT  of  tlie  offset,  so  that  if  the  latter  be  four  times  as  great  the  curve 
will  be  twice  as  long,  lo  any  case,  the  curve  remains  a  cubic  parabola, 
and  IS  (cadily  put  in.  cither  directly  with  ihe  transit,  as  the  line  rcachea 
it.  b}-  methods  similar  in  their  nature  to.  and  4)uite  as  simple  and  easily 
rcincmC>erc(l  as,  thoM  for  running  circular  arcs,  or  by  oRsets.  aAcr  run- 
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Mng  in  iIk  lull  cinrulur  arc  Irom  iui  oflnettcd  UnKCnU  u  indicated  ta 

Fi([.»»3- 

Ttie  former  o(  these  mclhtKl*  n  generally  prdersMc  Tor  \Arf<t  r>Sc«t& 
ju>d  Uic  tatter  (or  anull.  The  imnieaM  advantage  which  the  method 
gives  for  nwkine  the  finer  ndjust- 


meiits  of  ilic  line  m»y  be  made 
evidcdt  by  one  or  two  illustrstiona. 
btii  it  iliould  be  rcmcntbcred  that 
the  cbiuf  ob)cct  of  the  curves  is 
BM  lo  fiicllitatc  location,  but  to 
obLtin  a  line  whicJi  trains  will  run  "^ 
0«t;f  smoothly. 

1200.  HxaUpLE  I.  It  is  found 
to  l>e  ile*iniWc  to  awing  a  lixated 
tangent.  Fig.  2^4-  ht  s  ft.  at «  and 
out  3  ft.  at  b, 

Tiie  angle  between  the  old  and 
new  tangent  can  be  at  once  calculated. 


■f-Jt. 


L 
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Then  the  two  adiaocBt 
must  be  extended  (in  Fig.  3S4 — or  col  off.  had  the  change  of  lanentt 
been  in  the  other  direction)  by  the  same  ^nple.  Thi«  can  be  done  at 
onec ;  the  o/f&ct  •ieteimined  by  meaaure,  wliatcver  it  may  be.  and  the 
eorrei^ionding  transition  curve  put  in  by  offsets  from  the  curve  and  the 
new  tangent ;  or  tlic  tangent  points  /  and  /  of  the  new  curre  mav  be 
dcierniincd  and  the  imnsitiofl  curve  run  in  by  the  transit. 

ISO).  ExAMl'l.E  3.  It  i«  desired  to  take  oat  a  'broken -back"  cunx. 
Fig.  3S5.  Gnvrrning  |M>ints  which  it  scans  desirable  the  curve  fthuuld 
pass  through  ure  a  and  h,  at  any  olI> 
fet  from  any  point  on  the  tangent. 

The  angle  lietween  the  new  and  -r 
old  tangent  can  be  catcnilated  as  be- 
fore; the  (-urves  extended  or  reduced 
by  an  equal  angle,  the  actual  offsets 
measured,  and  tlic  proper  transition 
carves  put  in.  If  the  change  has  been 
well  planned  and  the  conditions  are 
H  all  favorable,  the  two  curves  will  come  very  near  10  meeting  at  aome 
point  near  the  middle  o(  tlw:  bingent. 

If  It  leave*  a  little  tangent  between  the  two  curves  It  Will  not 
greatly  matter.  The  two  desired  enda  will  have  been  wcoaapUsbcd. 
vie: 


^ 
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I.  The  two  sliocks  to  ihc  irain  in  entering  and  leaving  the  t«ng«nt 
will  have  been  avoided. 

;.  The  ugly  appeirancc  o(  a  t>mkcn-back 

curve,  which,  owing  to  the  abrupt  triinsjtion 
from  cun'e  10  tuiiKuiit.  alwaya  has  Ihe  appear- 
ance of  being  out  of  line  and  somewhat  re- 
versed, will  have  been  corrected. 

If  the  (WO  transition  curves  of  the  required 

lengUis  f'>r  the  offset  chance  to  overlap  each 

other  even  by  a  considerable  distance  It  will 

not  much  matter.      It  nimply  introduce*   (for 

reasons  which  ciinnot  be  j^ven   here   without 

discussing  the  whole  tlieory  of  the  curve)  a 

tiiorl   CIRCULAR  ARC  o(  very  long  radius  be- 

Fic  (K  twecn  the  two  transition  curve*.  . 

1303>  EXAUfLK  3.  A  curve  is  found  not  to  lie  on  precuiely  the  right 

ftround.     It  i*  desired  to  throw  it  out  two  feet  at  «.  and  in  3  feet  at  t. 

Fig.  j86. 

This  implicsihat  there  will  be  a  certain  point  <.*,  at  which  the  new  nnti 
old  cutven  will  coincide.  The  whole  con-c.  rsuJit,  centres  and  all.  will  be 
pfacticAlly  rotnted  around  c.  The  distances  ea  and  ei  can  be  deter- 
mined by  the  proportion 

ea:ii:\  offset  a  :  ofTwt  #. 

The  angle  of  rotation  is  rea<lily  calculated  by  computing  the  change 
in  position  oE  the  chord  ai.  and  from  these  notes  we  m;i>'  cither  start  at 
■£,  anil  run  in  the  new  curve,  or  start  at  it  or  4.  or  compute  the  new  posi- 
tions of  the  original  /'.  C.  and  P.  T. 

II  the  new  cur^'e  is  found  td  crowd  too  closely  upon  or  to  overlap  the 
langenta  we  must  change  the  tatter  also.  This  we  do.  however,  entirely 
independent  of  the  curve,  if  it  appears  desirable  to  do  so :  putting  tne 
tangent  upon  the  ground  which  will  iuit  it  best.  mea.Huring  the  actual 
oRsei  wiiieh  the   locations  chosen  give,  and  then  putting  in  the  corrc- 

Ispondiiig  transition  curves. 
1303.  These  examples  will  illunraic.  as  well  as  more,  the  peculiar  ad- 
vantage ol  transition  curves,  thus  used ;  that  ibey  enable  each  part  of  (he 
line  to  be  studied  and  modiHed  in  detail,  independently  of  the  rest:  and 
the  new  and  old  lines  to  be  then  connected  together  in  what  Is  at  once 
the  very  best  powible  and  the  »impl<-M  possible  way.  without  any  of 
the  puztlmg  geometrical  problems  and  the  confusing  licld-work  which 
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an  is  apt  to  result  from  slight  changes  as  great,  if  ceruii)  (teometriollf 
exact  conncaioDsat  all  points  <^!  circular  aics  arc  tak«n  as  uwntial. 

DiflcrenccBof  ollacts  of  soft,  or  more  arc  readily  admluibk  uiul«r 
this  plan,  and  in  projecting  location  it  is  uoneccssary  to  cuniidcr  what 
the  actual  otT«cts  wilt  be.  Figs.  ;o3.  21^,  and  others  illustrate  how  tins 
is  done.  Tlic  advantages  of  the  method  in  such  rough  IjtcbIiiIcs  arc  evi- 
dent from  those  engraving*,  and  thote  advantages  become  even  greater 
it  one  knows  how  to  »avc  unnecessary 
trouble  in  field-work,  which  will  not 
tell  bcncficialt)'  in  ihc-  (irrnl  result. 

1204.  -As  a  single  example.  If  one 
has  a  curve  formerly  tcrmimiting  at 
T,  Fig.  3S7,  which  15  to  be  extended 
to  7"  in  order  10  connect  irith  the  tan- 
gent 00 ;  —to  determine  the  oflset  O  it 
is  quite  unnccesMry  to  run  in  7*' with 


o 


\° 


\i 


a  traiiHt.    The  oRnet  Oo  to  the  old  point  T  may  be  tncitmred  instead. 
Then  will 

0-0o~-o.        and  Efl^o  ^  I*'P, 

in  which  D  =  the  degree  of  the  curve,  it  =  the  distance  in  stations  from 
the  tangent  point  T' to  the  point  where  theoflset  to  the  curve  is  ricj 
aired,  and  O  =  tlie  desired  offset. 

130&.  This  latter  formula  is  one  of  the  moot  UMfnl  of  all  tocatioa ' 
fornuilae.  being  almost  indi«pcnSi»blc  for  the  correct  and  espeditioua 
conduct  of  ficli)-work.  It  is  closely  approximate  (in  all  caws  sulliciently 
go  for  whiit  is  re(|uirecl)  within  the  widest  possible  range  of  values  of  D 
and  n.  and  it  i.s  one  ol  the  few  formula  wliicli  should  be  indelibly  en-  ! 
graven  in  the  memory  of  every  locating  engineer,  ready  for  instant  ase. 
It  applies  equally  well  for  offsets  frnm  one  citrvc  to  another  having  a 
cxitnmon  tangent  point,  letting  D  =  the  dillerenoe  in  the  degree  of  cur- 
vature. 
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I20A.  ToPor.RAPHV.  in  ihe  liniiied  technical  »cn««  of  th«  word  wliich 
it  given  tu  it  in  railway  locution,  is  the  tepreientation  upon  a  map  by 
"contour  linen"  of  the  comparative  or  absolute  elevations  on  tbe  area 
covered  t>)-  the  map.  In  a  broader  and  more  literally  corrca  sense,  it  in- 
cIudcA  the  reprctenuition  of  all  the  details  of  the  surface  by  any  method 
whaivvcr,  incliidiiiK  its  form,  character,  and  artificial  structures. 

7oi>0|fraphy,  in  the  broader  sctim.  may  be  represented  approximately 
either  by  hatchings  or  "  hachiires."  or  by  wa&hcs  of  color.  Very  bcauii* 
ful  cRccis  nuiy  be  produced  in  this  way  hy  skilled  nnd  patient  work,  but 
the  results  are  only  of  pictorial  value,  lb  K<ve  a  Kener;il  idea  of  the 
rc{[ioo.  and  are  of  no  uasistancc  for  tliu  details  of  location.  TopitKr^ipliy. 
when  spoken  of  in  connection  with  ilit  latter,  means  an  exact  rcprc- 
aeniailon  of  the  fonn  of  the  surface,  so  that  the  elevation  of  >tay  point 
can  be  dcicmiined  from  the  map,  and  hence  a  line  bo  drawn  on  the  map 
and  a  profile  of  it  called  off,  as  well  (barrin);  a  margin  of  error)  as  if  the 
line  Itad  been  run  in,  and  levels  run  over  it.  in  ilic  fidd.  Figs.  308,  216, 
and  others  arc  representations  from  actual  practice  of  such  inaps^  r«> 
dt>ced  photographically  from  the  working  scales. 

1207.  The  nature  o(  contour  lines  may  be  thus  explained  :  Conceive 
a  certain  area,  the  topography  of  which  is  to  be  taken,  to  be  entirely 
ftooded  with  water.  Conceive  ihe  level  of  the  siiriaccof  this  water  10 
be  lowered  by  a  certain  fixed  distance,  say  ten  feet  aLa  lime.  At  C2cb 
lowering  of  the  wuicr  it  new  shore-line  would  l>c  developed  :  The  con- 
lour  lines  arc  these  imaRinary  sliore-lincs.  If  the  slopes  be  vcr>- sleep 
these  Rucc<^ivc  shore-line:!  will  be  .-it  sni.ill  distance*  from  each  other 
boriiontally.  If  the  slopex  be  flat  th<;y  will  be  .it  greater  bnriinntal  di»- 
lances.  and  if  the  sinpe*  are  very  llat  tliey  wilt  be  at  very  KTcac  distances 
apaxt,  and  only  m  few  will  appear  on  a  moderate  ar«u.  1'hus  the  lower 
pan  of  Fit;.  ^^^  shows  a  contour  map  uf  a  slightly  oblique  cone,  and  the 
lower  part  of  Fig.  189  a  similar  contour  map  of  a  iieinisphere.  In  cacb 
case,  if  the  nature  of  contour  lines  has  lieen  graiped.  they  enable  tite 
mind  to  form  a  very  corrca  picture  of  the  fonn  of  the  surface 
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IZOe.  It  will  be  nbrioiis  thai  working  with  such  topognphlut  naiM 
has  both  ailvaniages  and  disad vantages.    TlKadvanugeaaie: 

I.  The  eye  i)t  nbic  10  take  in  a  Uree  ^tirlacc  ai  ufict!.  with  eiaci  rn< 
formation  as  10  the  form  of  cvcrv  pan  of  it.  and  without  ihoac  contuiiiDf; 
optical  illusions  which  result  from  looking  ai  a  naiural  surface  horbon- 
tally  instead  of  Irom  above,  and  in  successive  bits  instead  of  all  at  onoc 
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2.  Various  projects  can  be  studied  with  great  case,  and  lh«  effect  of' 
dilTcrcmchangesconsidcrcd  at  once.  Acurve  can  Iw  Ktrurk  in  with  1 
compass  in  a  moment,  and  three  or  four  diHerent  ones  in  as  innny  ditler- 
crit  positions  almost  as  quickly,  each  one  of  which  would  take  pcrhapt  a 
day's  hard  work  to  run  in  on  the  ([round,  with  the  chance  after  tiicy 
were  run  that  ihcy  would  lie  considerahly  out  «l  the  pontion  intended. 

y  By  liotting  on  the  grade-coniour  (pars.  1246-8)  or  line  where  the 
plane  of  the  roail-bcd  cuts  the  nuiurjl  surface,  it  can  l>e  se«n  almo&i  at 
once  whether  the  alignment  is  as  favorable  as  the  topograpby  permit^ 
or  not. 

1209.  Each  one  of  these  advantages  Is  a  great  one.    On  the  c 
hand  the  disadvantages  of  working  from  contours  are : 

I.  The  inHkiiig  of  good  contour  map$  is  expensive — which  Is  a 
weak  objection,  even  if  their  cost  were  much  ^jcatcr  than  h  is. 

:.  !t  is  dilBculi  to  insure  accuracy. 
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3.  They  afford  no  evidence  of  material. 

4.  They  d'>  iiut  imprcu  -upon  the  iniitd  the  magnitude  ot  the  wor(:s 
projected,  as  it  does  to  study  the  actual  surface. 

5.  They  ^ire  of  assUiance  only  (or  doing  tiie  least  Important  part  of 
tlK  work,  making  the  litst  approximation  to  the  detailed  location  of  the 
line. 

These  and  otiicr  difficulties  which  we  shall  shortly  consider  are  like- 
wise great  ai)d  vjilid  ones.  They  indiC-alc  what  is  the  fan,  that  topog- 
raphy has  both  Its  u«es  and  abuses,  and  which  predominates  I*  often 
tlw  xubjeci  o(  heated  discussion. 

1210.  In  sudi  discussions  one  is  reminded  of  tlic  old  fable  of  the  two 
ktiighls  who  fell  to  tiKliting  over  ihe  shield  which  seemed  gold  or  silver 
according  10  the  "  point  of  view  ;"  for  the  disputed  question  ti  emphaii- 
cully  one  of  the  laine  kind.  It  is  only  by  losing  sighi  of  one  side  or  the 
other  that  one  becomes  a  strong  partisan  of  either  view. 

The  dttletence  between  the  two  vleus,  in  fact,  is  more  traaginnry  ihun 
real.  On  lllc  one  hand,  there  arc  no  engineers  of  any  standing  or  ex- 
perience who  believe  tliat  locvition  offering  any  dilTiculiies  can  be  made 
10  advantage  In  any  other  way  than  from  topographical  n<nes  embodied 
in  a  more  or  le»  elaborate  topugraphlcKl  map;  while,  on  the  other  hand, 
there  arc  no  engineers  of  experience  who  would  think  of  claiming  that 
more  Iopo{{:raphy  than  is  really  necessary  for  intelligently  completing  the 
location,  and  making  sure  that  it  is  correct,  should  be  taken. 
I  The  true  question  to  be  decided,  therelotc.  I*  simply  now  iiv'CH 
topography  xhould  be  taken,  and  where  the  line  should  be  drawn.  There 
h  i»o  twch  diffcrcme  of  opinion  as  would  appear  from  an  error  into  which 
many  have  fallen— an  error  which  well  shows  how  cnmpleiely  the  views 
.of  those  who  take  one  side  of  this  quettion  are  misapprehended  by  those 
who  think  ihey  di.iajiree  with  them  ; — thai  Is  to  iiay,  there  is  no  clas8  of 
engineiT*  who  attempt  to  make  a  final  location  a.iatitvd  by  i)ie  natural 
eyesight  aloite,  or  in  any  other  way  than  by  working  from  a  {ireliniinary 
line  us  a  b;t!iis.  which  is  intended  to  lie.  and  if  skilfully  run  doe*  lie.  very 
cUmc  !•>  the  line  on  which  (he  fmA  location  is  pUced.  as  in  Fig.  iSi. 

13ll>  To  mat k  the  limns  of  the  debatable  ground  still  more  closely, 
it  cannot  be  reasonably  questioned  (i)  that  in  proportion  to  the  skill  of 
the  engineer  the  preliminary  line  (often  at  difficult  points,  necessarily,  the 
result  of  two  or  three  trials)  will  approximate  more  and  more  closely  to 
where  the  Hnal  location  will  ultimaielv  lie;  (1)  that  it  should,  and  In 
general  will,  tie  nearer  than  yx>  or  400  feet  as  an  outside  limit :  (3)  that 
the  placing  of  ibis  preliminary  line  upon  the  ground  is  and  inust  btt 
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purely  n  niatterof  Individual  "eye  for  country"  and  gonA  jo<lgRteni:ii 
(4)  ihitt  tlic  really  viul  and  dangerous  crron;  of  location.  Uw  Mlcciion  of 
the  general  route,  tlic  system  ol  giadicnts.  the  going  to  oc  posting  by  the 
local  towns,  etc..  etc..  arc  committed,  if  committed  at  alt.  before  any  to- 
pof^ptiy  whatc%'er  has  been  taken,  in  locuiing  thi«  preliminary  line:  ibe 
usefulness  of  the  topography  bcginnmK  only  udcr  the  more  tnomenVMt 
qucMloa  of  WHKKF.  ro  vvy  liic  l-xtLi.uiMAKV  bas  been  decided,  and 
serving  only  for  the  mote  ready  and  perfect  adjustment  o<  details— 41 
tails  which  faav-e  an  important  effect  upon  the  cost  ol  coiistcuciioa. 
deed,  but  do  not  otlienviM:  sciiuuitly  modify  tlic  earning  capacity  ol  the 
line. 

tin.  The  remaining  ground  for  diSercncc  between  citreme  advo- 
cates o(  either  view  is  tlw :  The  extreme  believer  in  topography  is  indif- 
ferent 10  getting  his  p«elin)iiuir>-  ver>-  near  to  its  ultinuiic  location,  look- 
ing upon  400  or  500  feet  average  distance  span  as  near  enough,  and 
takes  or  causes  to  be  taken  a  wide  belt  of  accurate  lopogrsphy  lo  save 
the  needol  a  new  or  a  belter  |>relimiiiury.  But  the  advocates  of  the  other 
view  say.  "No;  the  engineer  who  otn  be  iru&icd  to  put  a  prcliminvy 
line  within  even  500  (oct  of  the  true  location  can  and  ought  to.  In  kcs- 
cnl.  put  it  much  itcarer:  or  if  not.  it  in  cheaper  to  piti  a  newUncthroi^ 
still  closer  10  the  ultimate  location  than  to  take  so  wide  a  belt  of  topog- 
raphy. By  one  method  or  the  other,  the  good  engineer  cjin  and  will 
bring  the  line  so  near  to  where  his  locution  should  lie.  that  the  topog- 
raphy  which  he  will  realty  need  will  be  only  a  very  narrow  bell— uKUally. 
no  more  than  a  few  scries  of  cross-sections,  and  liardly  amouniing  to 
topographical  map  at  all." 

ISI3.  The  truth  lies  between  these  two  limits.  Since  the  amount  of 
topography  ullinuitely  ricede<1  and  used  (when  iis  ii»c  is  not  abuced  b>- 
making  it  serve  as  a  sulMtrtiite  for  the  cnrelnl  placing  ol  the  preliminary) 
can  be  sK-cn  on  any  location  map  tn  be  very  little,  covering  a  map  all 
over  with  accurate  topography  is  a  sign  of  weakness  and  not  of  iirengi 
On  the  other  hand,  accurate  topagr;i]>hii:;il  contour  tines  for  a  rcasoi 
blc  and  moderate  ilistuncc  on  each  side  i>f  the  line  are  an  immense 
sisiaitce  for  tlie  ready  ]>rujection  of  lines,  and  at  points  can  hardly 
dispen<ied  with.  It  is  iilso  an  Important  trulli  that  the  usefulnc» 
io(iograpl)y  is  not  eonlined  simply  to  thai  portion  of  it  wbkh  is  used  tu 
project  the  line  adopted,  but  extends  also  to  the  portion  which  enables 
one  to  make  sure  that  no  other  and  better  alignment  might  have  been 
Hdo|Me<l.  However  confident  an  engineer  may  feel  that  be  has  in  fad 
studied  his  work  to  the  best  of  his  ability,  he  owes  it  to  himself  and  to 
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hi*  emt>lo}'en  lo  Imve  tbe  ocular  evidence  of  tbat  lact  before  him,  to  l>c 
piaoed  before  othere  if  need  be ;  and  it  is  but  reasoiwUe  tliat  no  siudy  of 
t]»e  i^und  alo<ie.  unaMistcd  by  accurate  maps,  can  be  as  comptetc  aa 
one  which  lias  been  so  uMiaicd.  Yet.  on  the  other  liand.  it  is  even  mote 
«m|>hiit(caI1y  true  that  nu  siudy  of  maps  alone,  uiiaasiated  by  siudv  of  the 
ground  in  detail,  both  before  and  after  ibc  RUiking  of  the  msp»,  can  be 
as  complete  M  it  should  be. 

1314.  No  «kitled  engineer,  even  nmonf;  those  who  are  stmnK  believers 
in  iiic  |>roper  use  o(  contour  niiti»  will  upprovc  of  such  elaborate  reli- 
ance upon  map(t  .ilone,  an  ii  soincttmcA  lauRbi  anil  advocated  ;  Kudi  us 
talcing  the  nicest  prccuuiions  (or  computing  notc.i  (or  8  or  to  miles  of 
lociition  at  once,  so  that  it  shall  6t  Kcomeincally  onto  the  preliminary, 
and  so  di*penM  willi  renewed  and  mure  detailed  study  of  the  jtround. 
Not  but  that  the  Beld-work  and  muppin|{  might  be  done  so  accurately 
that  this  would  be  all  that  would  be  ncceiaary,  and  not  but  that  much  of 
a  location  wo  made  mny  prove  on  examination  to  be  beyond  unpravc- 
menl.  ;it  leait  by  the  same  engineer  :  but  that  (or  practical  reasons  It  Is 
inexpedient  to  rely  so  largely  upon  paper  location.  Among  tbcM  rea- 
son"  arc — 

121&I  I.  As  above  suggested,  the  length  and  dqith  o(  cuttings,  and 
especially  the  classification,  do  not  impress  thcmiielvcs  upon  the  mind  so 
forcibly  in  studing  a  topogriiphicil  map  as  in  studying  the  ground,  and 
facnce  ax  j^rrat  ellorts  will  not  l>e  made,  pmetiailly.  lo  avoid  this  danger 
when  ihe  prindjial  study  o(  the  details  of  ihc  line  is  made  upon  (lie  mupa 
us  when  the  paper  location  is  looked  upon  as  at  best  nothing  more  than 
a  close  approximation,  and  the  last  study  of  tbe  ground  is  made  with 
the  rock-cut  itariug  one  in  the  face,  or  on  large  scale  cross-sections. 

1316.  2.  A  vctr  dangerous  error. which  the  best  enj^incera  find  it  hard 
to  avoid  altogether,  is  especially  hard  to  avoid  \n  making  |ii»ipcr  loca- 
tions, which  is.  to  regard  acenain  IIUKIZONTAL  APPKOXIMATIUV  TO  Til K 
CKAi>E-pi>iN't's  as  about  the  proper  thing,  thus  leading  to  aliogcfher  too 
mud)  cur\-aturc  and  respect  for  the  contours  in  easy  country,  and  aho- 
gcther  100  tittle  of  both  at  the  more  difficult  points.  The  watchful  en- 
giiMer  ftndK  himself  drifting  inio  this  error  continually,  guard  Bgainst  it 
as  he  will.  It  results  in  part  from  a  natural,  but  evidently  erroneous, 
tendency  to  look  on  a  certain  percentage  of  dccrc.uc  of  curvature,  (or 
eaamplr.  as  worth  a  certain  percentage  of  incTFa«e  in  the  work  (pars.  14, 
ie\  )n»tea<l  of  being  mcrcty  worth  a  certain  absolute  sum,  wlik-h  on  easy 
work  justifie*  great  drsregard  of  contours,  and  on  heavy  work  requires 
dose  accordance  with  tltcm. 
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1917.  3.  The  hcii  toixigriiphkal  maps  which  Jl  la  cither  cxp«Ii«ni  or. 
in  general.  po&sit>te  to  make,  wiih  the  time.  monc)'.  Bnd  men  ai  command, 
cannut  by  any  means,  us  i».M>m«timci>  roolishly  daimed.  be  rchetl  on 
wilhii)  a  loot,  nor  even  5  or  10  feet,  ut  critical  point*,  especially  if  cxicnd- 
iiiK  to  any  i;rcat  width  un  each  side.  ()ver  niont  of  ttieir  area,  if  well 
niad«,  tlicy  will  be  trustworthy,  but  minor  irresuluritien  nf  cnniiderHtilc 
Importance,  if  noihiiift  more  than  a  few  big  boutdera,  Ret  smoothed  otit  ot 
Uie  map  or  misplaced  or  exaggerated,  »o  that  the  only  afe  rule  ia  to  look 
on  the  hrei  location,  honcver  carefully  studied,  as  still  open  to  much 
Improvement — an  expectation  which  will  rarely  be  disappointed.  But 
if  frequent  minor  changes  are  to  be  made,  iii\ich  of  the  advantage  ai 
comtiuting  lictd-notcs  from  a  paper  location  so  precisely  as  Is  often  at- 
tempted is  lost.    It  is  not  in  fact  good  practice  to  do  so. 

t3ie.  4.  To  run  in  long  stfctches  ol  location  successfully  without 
further  topographical  tests,  but  only  the  gcometficnl  test  of  a  "tic"  to  a 
preliminnfy,  fctiuircs  the  nicest  field  and  ol&cc  work  from  the  bcfjinnini; 
to  the  end  of  the  survey.  It  is.  ol  course,  only  a  question  of  degree.  Nn 
one  would  advocate  anything  but  good  work  of  ttic  kind,  but  n  m  obvious . 
that  kHs  preci»ion  is  required,  if  it  is  fully  understood  and  expected  ik 
the  paper  location  will  be  topographical ly  tested  throughout,  than  if  it  ti 
cxpccicd  to  be.  in  the  roiitn.  a  Gnality.  This  saving  of  needed  precisin* 
means  some  corresponding  saving  of  time  and  money,  wiiicli.  as  Maiki 
Twain  *»\A  of  his  profanity,  "  can  ttien  all  be  saved  and  devoted  to  son 
other  end.  where  it  will  do  more  real  and  loxtinK  fOoA." 

13t9<  Another  objection,  which  a.  perhaps  the  Mmnffen  of  nil.  ngaimt 
too  %Tcxt  reliance  on  contour  maps,  is  founded  rather  on  the  (oiblaof 
humnn  nature  than  on  any  purely  technical  reason  :  It  encourages  a  dis- 
poMiion  in  the  higher  engineeriiii;  othccrs  to  throw  the  field-work  ol 
location  inm  int-om[>eterit  )uind».  and  to  assume  lo  xiicmsclvcs  the  fiinc- 
titm  of  fixing  the  petty  details  ol  location,  and  hence  (since  the  whole  H 
only  equal  to  the  sum  ot  alt  its  pans)  to  control  the  whole  location  from 
their  office  chair,  without  giving  to  it  that  careful,  thorough,  and  con- 
tinued study  un  the  ground  which  alone  will  qunlify  the  ordinary  man  10 
wisely  exercise  such  control.  This  practice  work*  injuriously  in  »cv( 
vays: 

t.  [t  deadens  the  perceptive  faculties  of  the  engineer  in  charge  of  tfa( 
party  and  iransfomis  him  into  a.  mere  machine.     He  may,  if  an  unuiuaRy  ^ 
skilful  and  faithful  man.  go  over  the  paper  line  with  a  microscope  and 
improve  its  details,  but  he  will  not  be  watching  out  lor  Uld  thiaktog  • 
llie  Lifter  det^ls.  especially  a»— 
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1.  Tlie  practice  leads  to  tlit  engagement  of  poorer  men  for  the  lield- 
work ;  and 

3.  The  engineer  who  puts  in  the  paper  location,  aim]  cont.'ols  the 
work,  never  qualifies  liim«^lf  liy  (umiliarity  witli  the  ground  10  do  well 
even  lliui  minor  duty,  uiid  n  tso  little  in  the  (irid  thnt  the  (ar  more  im> 
pOTtiint  end  of  avoiding  tlie  Iuikct  crrora  is  not  duly  iniiurcd. 

1220.  Ttic  "tundusion  of  tbe  whole  matter"  therefore  is,  that  accn- 
raie  lopogrHpliy  for  a  certain  narrow  «rip  is  a  highly  useful  adjuna  to 
prdctical  location,  which  should  never  be  omitted  altogether  and  should 
gcnccallv  be  very  carefully  taken  and  studied  :  but  that  it  Is  in  no  way  a 
safeguard  against  anytliing  l)tit  minor  errors  of  locatinn,  and  is  not  a  safe 
nor  expedient  reliance  for  giving  the  lost  degree  of  perfection  even  to  the 
details  of  alignment. 

Great  dilTercncca  in  natural  aptitude  for  location  exist,  and  among 
the  wrongest  believers  in  the  absolute  nece«>ity  ot  etaboniic  topography 
may  well  be  some  who  have  lem  of  thix  natural  aptitude,  and  hence  will 
not  make  very  guud  use  of  the  l>c»t  of  muptt.  In  (act.  although  wc  should 
not  allow  this  tu  pre-judice  ii«  aguinsi  lopogtaphy.  it  is  heyond  iluulii  thai 
tho«c  of  IcAst  naiur.il  aptitiide  for  location  rely  most  on  inpography.  iind 
arc  the  most  helpless  without  it.  On  ihc  oihcr  hand.  th<»c  who  haw  or 
think  they  have  such  aptitude  may  be  led  ihcrchy  to  be  over' con tiilent, 
and  commit  errors  whi<^h  good  topography  would  revca!  to  them.  It  is 
certain  that  the  bettor  natural  quAiili  cat  ions  a  man  has  for  the  work  the 
ICM  topograjJiy  he  will  take,  bcc-aiisc  he  will  »e<:  in  advance  where  it  Is 
and  is  not  important.  Mc  will  always  titke  some,  however,  and  what  he 
doc«  take  will  be  correct. 

122l>  Another  iruih  may  appropriately  he  adrled  here.  It  is  easier  to 
put  a  line,  of  some  kind  or  other  on  a  topographical  map  than  on  the 
ground:  but  to  do  the  bett  chat  the  ground  udiini^  is  almost  asbard.and 
takes  almost  as  much  study  and  skill,  on  the  contour  map  as  on  ibe 
ground.  This  the  inexperienced  projector,  of  good  natural  ports,  •till 
soon  find  out  if.  after  having  put  in  a  paper  location,  which  he  thinks  is 
very  good,  he  will  start  in  over  again  on  theassumption  that  it  is  all  very 
bad.  and  give  two  or  three  times  more  thout-ht  and  can*  than  before  M 
finding  out  wherein  it  is  bad.  He  will  probably  soon  be  satietied  that 
his  assumption  was  correct,  by  finding  his  curvature  and  ()uantities 
simull.int-ously  diminishing. 

1222.  There  is  a  lendcncy  In  discu«slng  ihls  qucilion.  as  in  many  others,  to 
fall  hacV  apon  the  siofcn'sr.  yet  In  a  sense  natural,  nrgument  which  >c«lis  to 
defend  some  one  way  of  doing  ihinj^  by  showinf;  thai  some  of  thoie  who  lab« 
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another  way  do  wotfc  badly.  On  the  oac  b«i>d,  we  bar«  piciured  the  "  bun 
eticineei"  •pending  da)P«  In  fining  b  txd  line  la  tb«  tide  ol  a  bill  with  hit 
"  practiacd  C]rv.~  wbea  hour*  would  have  MiSctd  wilh  Ili«  usistante  »(  a  lin  c 
welUafcon  lopognphjr;  and,  on  Ihe  other  band,  aaianitudjtinKorer  lo|mi[i*pti> 
col  maps  of  a  Itnc  in  tbc  icronx  place.  RiI»iilDg  ilie  salient  («siu(«^  bdiI  ^tfry, 
ualinic  on  the  ctuund  ermrs  of  Ihe  mapi.  Either  picture  may  <r«ll  be  itn«a 
from  life,  for  out  uf  a  hundred  men  doing  aajribing  wluch  re<iDires  «ki1l.  nxMT 
than  half  wfll  do  ii  but  IndilleKnilr  well,  a  concldcraMe  traction  wrcicbttti)'  <U. 
and  only  a  wnall  ptoporiioa  thorousMy  well.  Thi*  tact  iaiurca  a  sujiply  ol 
ready  weapons  for  supporting  either  side  of  any  argument,  yet  It  \%  strange  that 
they  thould  be  so  often  eboien.  *ine«  It  Is  clear  that  th«r  prom  nothing-  Bm 
aa  evidence  ol  this  inconclusiva  character  acem*  Kimolimcs  to  nrry  undw 
weii-ht.  wo  may  add  a  (ew  words  fsnber  as  la  ccriain  delaib. 

1313,  The  fact  that  Ihe  actual  pruHle  «t  a  line  run  (rom  a  "pape-r  tovatioa' 
agreci^  so  precisely  wilh  Ihe  Utter  tbat  Ihe  two  cariDOi  be  totil  spurt.  i»  no  piod 
of  the  excellence  of  the  system,  fur  liuih  piuRIn  may  be  liad.  It  iitovca  lk« 
geometrical  excellence  at  the  nark,  but  ll  also  proves,  or  tends  to.  that  lh« 
Whole  process  is  too  mechanical,  unless  ihe  "  p*|>er  location"  has  tiern  a( 
1«M(  so  improTed  or  modified  in  detail  as  to  be  distinjpusbable  from  tbc  <-lhcr. 

1324>  On  the  other  hand,  fixing  the  details  of  the  altgnment  in  the  attn, 
to  be  put  on  the  ginund  by  other  men  of  le»i  sbill.  while  nercr  a  desirable,  is 
not  necesurily  a  wrong,  way  of  doing  thing*.  We  aie  often  compelled  lo  dc^ 
not  whit  we  would,  but  what  we  can.  If  there  be  but  one  skilled  man  to  took 
after  hall  a  doien  pi^riies,  and  perhaps  lonk  alter  oibct  work  as  well,  it  is  is- 
possible  thai  he  should  do  much  more  than  put  the  line  on  papet.  aoil  he  is  Itr 
more  likely  lo  project  a  good  line  in  that  way  than  an  inexpericncril  nun  is  la 
reach  the  tame  end.  either  nn  paper  or  on  ihe  ground,  or  both.  When,  how' 
ever,  one  cessci  lu  look  on  this  priicliee  us  merely  ■  necetitaiy  evil,  and  bcgJM 
to  look  on  it  as  an  ideal  siaie  of  ihiojtj,  so  that  on  a  difficult  lin«  It  ii  "  re- 
ijnlrcd"  thai  the  projected  location  should  be  "  strictly  lollowed"  and  "nocnl- 
nnd-lty  permitted."  as  is  sometimes  ilone.  then  the  abuse  ol  topography — •nri  a 
dangeroui  abuse,  sure  lo  waMc  more  or  less  money — has  bcftun.  The  bcilct 
course  in  such  cases  i«  to  require  ihe  cnminccrs  in  the  field  to  nsake  ihe  first 
projeclion.  which  is  simply  sent  in  lor  examination  and  rerisliM  If  nercs<«ry. 
so  as  to  compel  Ihcm  to  etlycH  tktir  fiim  inulUgrim  tmJ  ml  m  an^krr'i,  and 
especially  to  give  aa  indication  of  the  rxicoi  to  which  their  own  skill  can  be 
rvlted  on.  For  if  unequal  to  making  a  tolerably  correct  projection  in  iIk  first 
insUDce,  they  will  probably  be  still  more  unequal  to  the  more  rtsponstble  duir 
of  putting  in  the  flnal  line, 

1339.  To  mention  one  insunc*  smonK  many,  of  the  evils  ol  too  threat  re- 
liance on  maps:  an  unusually  occainie  piper  location,  on  a  very  stc*p  •ide-bi1I. 
gRTc  a  bcauiiful  prol^Ie,  nhich  nn  one  could  deicci  in  Ibe  office  i"  bare  any  lauli. 
Tbc  cut  averaged  abotu  a  loot,  wliich  was  wbai  prudence  seemed  to 
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■imI  Nhu  no  onr,  CErtainI):,  in  Ihc  office  would  have  thuughl  of  objeclloK  to. 
But  juil  bclonr  ihc  cartb  was  rock,  as  a  "  pracliicd  eye"  mi^t  tuv«  deiccied  In 
•ne  neld,  and  the  cnnh  ItuII  wax  duch  ai  to  make  act  unusually  solid  bank,  to 
llMl  wbcn  (be  line  caitie  to  be  coofilru«(eiJ  (here  was  an  \i\^-]  ihattow  luek-cui 
on  the  Innei  edge  and  a  broad  solid  plallorm  lor  ihe  road-bed  nearly  iwire  lo'i 
wide,  due  to  Ihe  unneccsiary  amount  of  excavatton,  which  Involved  a  loin  \yl 
some  $Sooo  In  much  1*48  ih*n  u  mile,  all  of  which  miclx  have  been  saved  by 
lltrowing  the  line  out  three  or  lour  (eet  beyond  tbe  paper  locaiion. 

Such  <:a«e«  occui  ko  frcquenily  ihai  the  engineer  who  does  not  feel  the  llmi- 
(attons  ol  (h«  map  and  wish  (lial  he  had  Ihe  grDund  before  him  iu  makinK  a 
paper  location,  and  who  docs  not  feet  that  it  may  be.  and  probably  it,  niscepli- 
ble  of  (unber  Improvement  by  further  tiudy  In  the  lieM.  will  probably  be  wise 
■o  Irait  "  topo|{iaphy"  alone,  both  la  the  lield  and  in  (lie  oHlee, 

1329.  tn  some  cate«  the  larger  errors  of  location,  such  as  putting  a  line  on 
(he  hillside  irj(h  a  abort  tunnel,  instead  of  iif  the  boiiom  of  the  valley  with  ■ 
lonir  lunnrl.  are  very  unreasonably  advanced  as  an  effect  ol  neglectinit  topog- 
raphy; whereM  it  is  precisely  such  erturo  which  uvec-ieliancc  on  topography  is 
apt  to  lead  lo.  The  tesuli  depends  chiefly  »a  the  man.  A  good  man  will  use 
«Tery  tool  thai  will  ktvc  hi»  end,  and  one  of  these  tool*  \%  lopognphy.  AnoihM 
one.  at  least  equally  essential,  b  shoe-lealher. 

1237.  If  topography  \s  to  be  t^ken  ai  all  It  should  be  lakcn  accurately, 
ftntl  lo  combine  this  end  with  reasonable  rapidity  the  limits  witliiii  which 
accurate  tnpn^nphy  is  taken  should  be  resinctcd  as  closely  as  possible. 
Beyond  Uimc  limiw  a  skilful  to|>(^rAphcr  will  sketch  in  by  the  cj-c  the 
gencnil  (orin  of  the  gn>iinri.  with  KUlficieni  accuracy  lo  give  a  better 
};rneriil  ide»  of  the  form  nf  the  country,  and  iK(.asioniil1y  to  serve  a  use- 
ful purpOM*  in  n  rough  fttudy  of  Komc  coitsiderabtc  change  of  line. 

1326.  Topography  ia  taken  from  the  preliminary  line  as  »  basC'linc. 
with  tlie  elevations  on  it  given,  by  determining  theslopesoncnch  side  as 
tar  out  lu  seemft  necesaary.  Four  methods  (or  taking  slopes  are  more  Of 
lew  prartise<l : 

I.  By  3  slope-level  and  board  sinitgtit-edge,  with  or  without  a  tape- 
line, 

3.  By  11  hand>level  and  iji|ie-)ine. 
^  By  crosa-sectioning  rods. 

4.  By  using  a  stadia  tete3oi>|)e  and  rod  to  meiLiiire  distances  in  place 
of  a  tape-line,  in  either  the  first  or  second  methods. 

To  these  may  be  added  — 

J.  By  iitinc:  an  aliazimuih  in  place  of  the  slope-level  or  hand-lcvct  in 
the  tirst  or  »crond  me(ho(I<!.     It  may  alto  under  special  circumstances  be 
used  to  advantage  with  crnss-scction  rods. 
S6 
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1329.  In  rugged  and  hrnkrn  topography,  u  where  there  Is  mucli  rocic 
and  large  scales  arc  tu  t>c  incd,  the  third 
method,  hy  cr(»X'Scciion  rods,  b  much 
the  bc»t.  ThcM  rodii  are  in  principle 
nothinji  more  than  si  horixuntal  measur- 
ing-rod o(  a  lixed  length,  sonictiinca  lo 
but  better  I2  ft.,  currying  a  level  bubble, 
so  ihit  it  on  be  set  exactly  hori/octial. 
This  is  carried  by  one  asaiiutnt  while  an- 
other reads  with  a  light  vertical  rod,  B. 
Fig.  29^  the  rise  or  fall  o(  the  ground 
in  the  given  dUuince.  In  practice,  to  prevent  warpirtg  of  ilte  rod  A,  it 
is  usually  made  in  one  of  the  forms  shown  in  Fig.  191. 

These  rods  are  convenient  to  Imvewith  a  locating  party  in  rongk 
country,  and  they  are  cspeci;)lty  suitable  for 
Ct OSS-sectioning  a  locaied  line,  but  the  pro- 
cess is  much  slower  than  any  of  the  others 
specified,  which  are  In  genera]  belter  (or 
ordinary  topography. 

1330.  A  wise  choice  between  the  slope- 
level  and  tiMnd-lcsvl  methods,  also,  depends  a 

good  deal  upon  circiimslancef,  and  the  cbantcteroltbc  tupof^raphy  to 
talcen,  although  each  method  has  its  partitans  who  will  riirely  use 
Other.  By  the  use  of  the  altwtimulh  either  method  can  (>e  used  at  will, 
which  Is  one  of  the  distinguishing  merits  of  that  instrument.  Modi 
more  depends,  however,  upon  the  individual  skillof  the  top'jgrapltcr than 
upon  the  use  of  any  p«r<icuUu-  method.  Where  (he  country  b  rough, 
with  irregular  slope*,  the  hand-level  method  is  to  be  preferred,  since  it  » 
more  positive,     (hherwise.  the  slope-level  is  best. 

1331.  The  topt^raphy  based  on  these  slope-notes,  by  whatcv 
method  taken.  shoi;i.d  invariauly  de  drawn  in  the  r\zu>  dircctlv 
UTON  THF.  WOBKINO  MAPS  OK  THE  LlNB.  which  should  bc  the  first  and 
only  direct  use  made  of  ilie  cross-section  notes.  As  a  safeguard  in  cate 
of  doubt,  the  rodtnnn  may  well  keepa  note-book  record  of  ihem.  but  ili 
siiould  be  ntrictly  restricted  to  such  u«c  only.  The  habit  of  taking 
cross-seciions  in  the  licld  and  drawing  in  the  topography  in  the  01 
cannot  bc  too  strongly  discouTiige<l.  It  is  certain  to  result  in  mote 
leas  imperfect  work.  n«  well  as  loss  ol  time.  After  a  little  pracike 
skilled  topogrnphcr  ought  to  be  able  to  keep  up  with  a  transit  and  I< 
party  without  much  dithculiy,  unless  circumstances  require  a  wide 
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of  exact  topography  ii>  be  taken,  when  he  should  be  furnished  uilh  a 
iloubk  crow-scciion  party.  The  main  mguiremcni  lor  diviiit;  Murk 
quickly  and  well  is  to  triim  the  eye  and  Judgment  so  thi^t  needless  crots- 
9«ction  work  need  not  be  done  while  yet  tiikini;  all  ihnt  is  eMcntial. 

1333>  The  topographer  i»  provided  witli  h  thin  drawing- board,  hav- 
ing a  leather  or  oil-clolh  pocket  nn  the  bock,  in  nhJch  ure  carried  the 
nheelii.  about  19X  24  inches  in  sizelp.-ir.  1340).  on  which  the  line  h;Lt  tiecn 
plotted  the  night  briorc,  the  iitationii  marked  ofl.  nnd  the  elevution  of 
each  station  and  plu%  ;u  taken  hy  the  level,  lightly  pencilled  on  it.  The 
topographer  must  thu*  work  behinil  the  level,  but  a  good  topographer 
will  endeavor  to  keep  very  dotie  up  to  it.  <>nc  sheet  at  u  tirnc  i.i  pinned 
upon  the  boaid  (or  use.  A  6-ii).  scale.  prc/eraWy  o(  p.-k|>er.  lead  pencils, 
and  Tubbei  complete  his  outfit.  His  two  ;i»9iiiants  (or  (our  1/  rctd  he> 
Imvc  nothing,  necessfirily.  but  tape  and  hand-level,  with  a  »mall  hutchet. 
A  »mall  compa»i  (or  takmjj  bcaringa  is  in  general  desirable. 

t}33.  In  taking  croM-scctions.  the  elevation  o(  each  station  is  given 
to  the  rodman  (or  has  been  previously  taken  olT  by  him),  and  an  oHiet 

measured  oil  to  a  )K>]ni.  aa 
indicated  hy  ttiehand>levet, 
where  the  contour  next 
above  or  below  the  eleva- 
tion of  the  given  station 
I  ^^  V  T-.....,,^^  ^__,-— V  (alls.  Tims,  in  Fig,  192. 
t  I        ^^~~^C---v^  /     *'''^  contours   10  (t.  apart, 

^^L        ^^        .  ^^-^.r^"^-*..^  /      elevation  of  station   704.!, 

^^^k  ^^^^,_^_\j^^^  \     /        contour  710  Is  5,8  (t.  above 

^^^^^  -"^    }  \J    /    /^  /  below  it.    The  distance  out 

^^^^^k  //  ylL  /      /  ^  in  which  the  ground  rises  or 

^^^^f  I  /  V/      /  X,_  falls  these  amount*  shnuld 

^^^V^  /  /     A>.   j^r""^     7  in  general,  un  rough  ground. 

^^^^L  ■'''^ii,  be  directly  determioeil,  and 

^^^^"  _  then  the  ilistances  tri  a  suc- 

cessioii  of  other  points,  fall* 
ing  ;  ft.  at  a  lime,  as  far  out  as  accurate  topography  is  taken.  Un 
sntoother  country  a  little  trouble  may  be  saved  a-  below  spoken  i>(. 

The  points  where  the  contours  cut  the  ccnirc-linc  are  als-).  at  tho 
same  time,  noted  bv  the  topographer,  tic  ihen  makc«  .1  liglit  pencil 
gucvi  at  the  counie  of  the  contour  lines  nbc.»d.  and  paMcK.  perhaps,  two 
aiatioits  ahead.  10  "  17  a,,"  Fig-  !9i.  and  repeats  the  proccw ,  the  nxlnien 
In  the  mean  time  crcsa-flcciioning  the  intermediate  station  if  it  seems 


««entUI,  or  more  properly  speaking,  unless  ii  Mcms  uncfl»cnlial.  U 
■  tic  topograplier  lias  ar^quired  well-founded  conlidcnceby  |>racti<:c  lie 
Bjtvcnntl)iii);by  latcin^chanccs.and  be  liable  to  throw  diKrcrlit  on  hi«w<,>i 

Heir  the  previous  guesses  »tt  rlieckcd  by  the  cross-sections  and 
cflurM  uf  tlie  contours  skeirlicfl  in  backward,  exactly  and  6nalty, 
1i|{>itlv ahead,  uiih  (unherpprriUril guesses.  Inihis  wayihc  topQKiH|>br( 
trains  his  eye  nnd  his  h.ind,  iind  forms  an  idea  of  where  accuracy  is  and 
M  nm  esuential,  and  if  he  be  once  properly  intiructrd.  and  hu  »  capable 
a.-sitstant,  it  in  not  at  all  dilTiculi  to  take  a  mile  or  two  ol  lopograpfa)' 
a  day  in  ordinary  country.  When  he  has  to  take  more  than  3oo  to  900  IL 
on  each  side  it  becomes  a  (lilTcrent  matter,  and  progrcM  is  murh  slower, 

1234.  If  Hlojies  are  <letcrmined  by  a  niope-level  iiU  !>till  simpler  woi 
A  iotle  IS  then  constructed,  allowing  for  a  serie*  ol  different  dope*  t 
I'Toso",  the  horiiomal  distance  apart  of  lo-ft.  contoura.  which  is  10  x 
S.     From  this  tlic  contours  can  be  put  down  upon  the  m^p  ai  once, 
the  proper  distances  Apan.  or  as  f.ir  out  3:^  the  alopcs  are  taken. 

1235i  Time  i.t  lo^i  aii<t  Accuracy  sacrlnccd  in  many  surveys  by  usine 
100  small  scales.  The  standard  working  scale  may  be  said  (o  be  400  (m 
per  inch,  nr  i^„  (nearly  the  same  thing)  when  the  metre  is  used :  but 
ihis  scale  is  adhered  to  far  too  atrictly.  lu  rouyh  country  it  should  be 
At  oiirc  doubled,  and  in  very  rough  country  should  be  incrca.i«l  to  100  ft. 
per  in.  or  lo'aB  [854  ft.  per  in.).  These  latter  ate  ihc  only  suitable  xala 
when  there  is  any  considerable  proportion  u(  rock-H'ork.  U  rather  uvei 
-work  in  taking  t(>po;;r^iphy.  adds  but  little  to  the  draftiim  wotk.  and 
sdds  immensely  to  the  practical  vuhie  of  the  mups  when  made. 

1936.  The  following  cautionswill  assist  in  taking  topography 

I.  One  contour  tine  am  never  run  into  another  and  cillier  disa 
altogether  or  afterwiirds  depart  from  it,  in  the 
manner  .thown  at  .-/./,  Fig,  193.  but  must  always 
l>e  everywhere  a  separate,  rilstinci.  and  continu- 
ous line  until  it  citlier  runs  off  the  map  or  closes 
«n  itself  so  as  to  form  an  im^lar  ring  or  circle, 
as  M  a.  Fig.  391. 

There  b.  indeed,  one  case  in  which  two  or  ■ 
dooen  contours  may  so  nin  logethrr  into  a  single 
line.  vix,.  when  an  absolutely  vertical  slope  is  to 
he  represented.  There  is  even  a  possible  case — 
that  of  an  overhanging  clif! — in  which  the  con- 
tour lines  may  cross  over  earh  other  and  back 
again,  as  in  Fig.  294,  Rut  both  of  these  cjimk 
flre  so  rare,  although  they  do  occur,  that  it  is  unnecessary  to 
sbcm  as  normal  types  of  iop<^^phy. 
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1337.  1.  h  is  iiDfiossiblc  Tor  a  contour  ttnc  10  splil  into  two  parts  whicb 
•ooitcr  or  later  reunite  n^A'\t\.  in  the  miinner  shown  in  Fig.  £9;.     It  is  a 

frft|ijcnt  error  <it  yoiini;;  topographers,  nnd  an' 

iii^mcclifttc  evidence  of  inexjjcrJciici-,  to  bc- 

lie^-e  the  conirary.     It  is  iiiilfed  theoreticully 

conceivublc  that  a  Kurfacc  iliould  bare  »ucb 

"^  •**'  (orin  as  lo  make  Ji  sketch  like  Fig.  19;  lopo- 

iphkally  correci.    Tims,  if  wt  imoK'nc  it  to  be  a  reprcsemaiion  ot  the 

[crcrt  of  a  hill,  it  micht  come  lu  so  sliaip  and  regular  a  ridge,  if  made  of 

dressed  stone  for  example,  that  only  a  singk-  inutlic- 

inaiical  line  »[  the  [>e;(k  or  ridge  of  the  slope  should' 

appear  above  the  water,  and  j-et  that  the  ridge  sbonU 

so  appear  above  the  water  for  a  considerable  dl>.t3nee-, 

being  precisely  level,  and  should  ai  a  certain   [ifitni 

swell  out  into  the  "  inland  "  .-M.     Uui  priicticatly.  with 

natural  xurfaccit  ux  they  aciiullv  extM,  this  i^  pla^iily 

impossible,  and  ihtf  true  mrtliud  ni  ri.-;ireseniin;;  the 

natural  surface,  which  is  erroneously  presented  lu  Klg^ 

395.  would  be  as  shown  in  Figs.  soS.  316. 

Ill        I    1  1236-  Topoftraphy,  mote  largely  than  almost  any 

'  t  '    \    ^       other  mechanical  detail  of  engineering  work,  is  n  mat. 
!  f^  •»■  ter  u(  praclice.     The  yuung  i--iigiiiecr  who  end*  hr« 

[first  day's  work  >I  top<jgrnphy  discouraged,  with  but  a  few  stations  taken, 
Iftnd  that  so  badly  taken  aa  to  be  laonhlcss,  can'by  even  a  lew  days'  tlC' 
terniined  cflort  to  understand  ii,  and  do  what  he  do«  do  well,  learn  to 
1^  over  OS  much  ground  as  an  ordinary  transit  party.  It  is  a  v^luablc^ 
drill  for  cultivating  the  faculties  must  needed  for  location,  and  good  lo^ 
pocraphers  generally  make  the  best  chiefs  »(  party.  In  country'  at  all 
•ugh  the  topographer  tills  the  most  responsible  position  on  the  (>anjr 
low  Its  chief,  and  he  should  so  rank.* 

'  The  art  of  taking  topofiraphy  ihouTd  be  laughi  in  icbools  more  tborooithtjr 
■ban  it  is.    There  Is  no  bcticr  drill  lor  cultirkling  those  faculties  of  minO  nhicb 


:  the  engineer. 
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CHAPTER    XXXII. 


MAPPIKC   AND   ritOJECTIKn   LOCATION. 


1339.  But  two  mcihodxof  m.ippin);  railmnd  sufvejrs  are  to  be  I 
mended,  whicli  are : 

I.  For  largt'Uale  working  ma^;  plotting  lines  t>)-  bearings  wiiii  a 
large  paper  proiraclnr  iind  piimlkl  ruler. 

3.  For  tmali-KaU  mafis :  by  taliiudo  and  departufca> 
Plolting  line»  ot  any  lunjilh  hy  liiyinK  oil  RucocMivc  at^;lcs— a  Eav 
itc  <viiy  of  laboriouaty  iiukioi;;  a  bad  map  among  inexperienced  ineii'— "^ 
Khuuld  never  under  any  circumstances  be  permitted.     All  work  shoukl 
be  ploticd  by  bcariii|{<i  (rom  a  constant  North  and  Souili  line,  wlticb  is 
iranilerred  Iroin  slicei  to  sheet  by  prolongation  or  witli  a  parallel  ruler. 
CiiiniiLuik'e  errors  arc  thus  avoided. 

1340.  Except  In  casrawhcic  iullySo  per  cent  of  a  line  la  tangent,  i 
there  \%  little  topographrc^il  detail,  a  survey-lire  should  never  be  plotie 
on  loog  strips  or  rolls  of  pnpcr.  but  always  on  small  sheets,  about  19  x; 
Inches  In  size,  or  larger  if  there  be  lililc  curvature  and  topographf- 
19  K  •/>  inches.  These  sheets  are  added  one  after  another  as  the  plotti 
|>ro);rewe».  lapping  one  side  or  corner  always  under  ihe  preceding  *h« 
anil  fiiving  its  axis  any  random  direeti*in,  compared  wiili  ilw  oiticr.  u'hich 
will  best  serve  to  keep  the  centre  line  of  the  survey  in  ihc  middle  of  the 
sheets,  ss  shown  in  Fig.  296.  The  two  shceis  are  pinned  ttifcether  wil 
thumb-t.ickt.  and  two  or  thrc-e  X  mark.t  mii<le  at  the  Up.  su  that  Uicy 
bc  replaced  at  any  time  in  exactly  the  suine  pusition. 

A  North  und  South  baiie-Iine  should  then  be  laid  down  the  (till  Icog 
of  the  *hect,  nearly  in  its  middle,  and  a  consecutive  number  for  the  »he 
and  the  name  uf  the  line  pencilled  on.  always  In  ihe  same  corner. 

1341.  The  lar(;e  paper  proiracior  should  then  be  laid  down  In  the 
middle  of  the  sheet  on  the  North  and  South  lines,  from  a  clear ly-matked 
liermanent  centre-point,  and  the  computed  or  actual  bearings  of  all 
ihe  lines  which  are  likely  to  fall  on  the  sheet  laid  of!  at  once.  If  omis- 
sions are  discovered,  the  same  process  shoultl  be  repeated:    lightly 
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pencilling  in  the  degrees  and  minutes 
of  each  bearing  laid  off,  and  per- 
niitiing  the  points  thus  marked  to 
remain  permanently,  except  as  they 
interfere  with  the  mapping.  Should 
any  subsequent  error  be  discovered, 
tliey  may  then  all  be  checked  at 
once,  saving  much  time. 

With  a  good  parallel  ruler  (not 
the  cheap  and  poor  ones  which  are 
most  used,  but  a  heavy  metal  rule 
^about  i8  inches  long),  or,  failing 
that,  a  couple  of  triangles,  it  is  then 
but  a  few  moments'  work  to  transfer 
'Cach  bearing  in  succession  to  its 
proper  point,  draw  in  the  line,  and 
plot  its  length.  The  angles  should 
then  be  roughly  checked  with  a 
small  protractor  to  guard  against 
the  large  errors  which  are  alone 
likely  to  occur.  The  bearing  of 
each  line  and  the  plus  at  each  angle 
should  then  be  pencilled  on. 

Every  station  should  then  be 
pricked  off  and  indicated  by  a  light 
check-mark,  and  every  fifth  station 
should  be  numbered. 

Opposite  each  station  on  a  di- 
agonal line  should  then  be  lightly 
pencilled  in  the  elevation,  and  also 
the  elevation  of  any  pluses  taken. 
The  sheets  are  now  ready  to  turn 
over  to  the  topographer. 

This  work  should  be  done  every 
night.  It  takes  but  a  short  lime 
after  a  little  practice.  The  lines  may 
be  inked  in  on  rainy  days  or  at  any 
convenient  time.  The  centre  line 
should  be  in  red. 

1242.  For  the  same  reason  that  ^"^-  **■ 

plotting  should  be  done  from  bearings,  it  is  well  to  do  all  the  transit 
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work,  ofl  preliminnty  lines  at  lean,  bjr  rcjidinfc  bi'.akik(;s  iiitioid 
ANrtt.C*'  Irufii  thv  vernier.  In  stiirttng  lh«  survey  the  vernier  j*  set  «t 
•n<l  till!  lower  limb  clianipcd  mi  a  Nonh  und  South  line,  or  as  neu  to 
M  pjMiblc.  UnclainpinB  the  upper  limb,  we  nuiy  (hen  rvnA  the  Iwini 
of  tlic  line  eUtier  with  the  cuinpataor  the  vcniicr.  anil  the  two  Uiooli 
(ippruniindtcly  concspond.  Rciiiirimf;  the  verniers  ai  the  ume  rcMdl 
(or  liking  a  bock-siKht  at  the  ncxi  un^le,  und  iini-UmpifiK  ubove  to 
ihe  next  sIkHi.  wc  obtuin  the  bemnii;  o(  the  new  line.  likewise  either  bf 
lhe<:onipass  or  ihc  vernier— tlic  one  approximate,  the  other  exact.  Tbvi 
we  muycimtiniic  thiougliout  the  survey,  with  tlK  advanta|;e  (i>thut«r 
Clin  check  our  work  at  any  time  by  dimply  dropping  the  needle,  tinct 
the  needle  and  venilcr  readings  should  aluuys  corrtsi-ond.  and  (i>  that 
our  "computed  be^ring^"  are  already  computed.  Wcshoutd  work,  bov- 
cver.  by  180'  on  cjcIi  siile  ol  the  North  point,  luid  nut  be  troubled  by  (ht 
IniiMiiion  from  N.  E.  to  S.  E.  This  la  the  best  way  to  do  in  any  rjic, 
und  it  ii  cusy  to  read  ihc  needle  50. 

I343i  I'l  inking  in  the  topo^rraphy,  ever}-  fifth  line  should  In  alla*a 
be  made  he.ivier  or  a  dillercnt  color.  Hluck  OiT  l»rowii  for  every  litth 
line,  and  brown  or  orange  (01  the  intermeiliaies.  doea  very  well.  Wbtn 
poitxihle.  contours  should  only  be  live  feet  apart,  altliough  ten  Itct  » 
usual.  The  vulues  of  every  Tiftli  line  should  lie  trr()ueri(ly  writtca  co 
theiu.  in  rows  one  abos-c  tlie  other,  preferably  by  leaving  a  gap  In  ibc 
hne  lor  liHenine  the  liKurex.  or  uiiierwi»e  by  writing  them  directly  over 
and  acrosi  tlie  line.  Much  ol  the  prejudice  against  working  with  roo- 
tour  topOKraphy  arises  from  the  prevalent  neglect  of  ihese  simple  direc- 
tlonSi.  whkh  seem  almoet  too  sinipJe  to  nieniion-  Such  a  m^p  as  f" 
397.  for  example,  is  an  abomination.  It  reflects  just  discredit  un 
engineer  10  torn  in  one  in  that  condition,  whkh  makes  it  almost 
less  to  the  engineer  and  ii»comprel»«ji4iblc  to  the  mere  obsMrer.  It 
be  finished  up  as  shown  in  Fig-  198. 

A  light  »-ii«,  provided  with  three  or  lour  drawer*  ol  the  proper  si 
to  bold  the  sheets,  should  be  provided  (or  field  use.     Light-j-eUo* 
tail  paper  makca  \ixy  good  sbecu  and  is  less  (ryiog  to  the  eyes 

white. 

IM4.  Experience  has  cfcatly  shown  this  syncm  u(  mapfNOg  satwf- 
lincs  u>  be  far  better  than  any  other,    lis  advantages  ai« : 

I,  But  a  small  amount  of  paper  U  in  use  at  uwx  ta  jiaaimf.  while 
any  number  0/  sheets  that  there  is  tnUc-rootn  for  nay  be  pu 
UdeHrcd. 

3.  A  very  small  table  is  aII-«iB&cient. 
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3.  No  tiine  need  be  losi  iii  studying  ))uw  to  keep  ihc  line  oa  ih'? 
p<i|ier.  or  in  rubbing  out,  or  in  pasting  on  extensions. 

4.  The  niai>  need  not  be  covered  over  with  prolonged  liiica  (or  laying 
oR  angles,  but  only  Uie  actual  length  needed  is  drawn, 

5.  Great  accuracy  Is  secured  without  cffon,  and  cumulative  cfrorg  are 
impossible.  If  an  error  is  miidc  on  one  sheet  it  in  noway  injuriously 
aflecu  Ihc  work  on  the  adjacent  sheets,  except  that  two  o(  them  will 
have  to  be  re-niaiihcd. 

6.  U  matched  properly  the  greatest  precision  '»  poAsible  in  laying  them 
together  a^in  wlienevcr  desired.  For  all  practical  purposes  they  aic  as 
a  single  sheet. 

7.  There  is  do  waste  p«)icT,  and  the  line  is  almys  in  the  middle  ol 
wh;it  U  used,  reailfly  accessible  (or  ofHce  work.  The  avrkwiir<lne«i  ol 
working  with  wide  rolls  is  entirely  »aved. 

8.  The  paper  is  i\<i\t^  rolled,  but  always  flat  and  clean,  in  good  con- 
d  it  ion  for  working  on. 

9.  For  projecting  location,  the  ease  with  which  any  jurl  of  ihe  line 
desired  can  be  worked  with,  without  annoy-incc  from  wh,ii  is  not  wanted, 
and  from  chaii|;c  of  scale  due  to  rolling,  gives  it  very  great  advaniagc. 

10.  The  maps  arc  readily  stowed  away  in  dust-light  ii()xcs  or  drawers, 
and  in  very  small  compass,  instead  of  taking  up  a  great  deal  of  room  and 
getting  into  a  piaaically  unserviceable  condition  in  a  short  time,  as 
rolled  maps  usuiilly  do. 

1249.  For  making  small-scale  maps,  plotting  by  latitudes    and 

ixPAKri'HKS  is  The  must  s^iisfac- 
,  lory  way,  Tlic  latiiudc^  and  dc- 
p.mures  should  not  be  computed, 
hnflcver  (or  the  labor  would  be 
pmhibitor)-*,  but  read  otT  mechanic- 
ally  from  a  diagram  similar  10  Fig. 
lOgi,  which  shows  the  principle  o( 
un  .-i;>paratui  for  ilic  purpose  de- 
vised by  Mr.  Chas.  Frnncis,  Chid 
of  OlTioe  on  the  P.iciltc  Branch  tA 
the  Mexican  Central  Railway.  Any 
one  can  readily  make  it.  The  Insc 
is  a  sheet  of  accurate  ciosi-sectioa 
paper.  10  or  3o  squares  per  inch, 
on  which  aivglcs  are  arccuratvly  laid 
<fi.  either  around  the  edge,  as  shown,  or  on  a  circular  arc  61  as  large  a 
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radius  as  possible.    Values  arc  given  10  ihc  litics  (roto  sero  to  loo  or 
moti:.     The  straight'Cdgc  is  laid  oil  vlih  the  same  scale. 

We  have  then  only  10  set  the  edge  of  tUc  stralghi-cdge  al  the  angle 
corresponding  to  wny  bearing :  place  a  nccdlc-poini  or  sharp  pctictl  at 
the  point  on  it  representing  the  length  of  a  given  line,  and  we  read  oR 
from  the  shret  below,  utonce,  laticuilct  and  departures  for  Die  line.  Lati- 
tudes and  depttriurcK  for  miles  o(  line  can  thus  Ik  called  oH  and  tabulated 
in  a  da/  by  two  men.  and  the  absolute  position  of  every  point  on  tlic 
survey,  by  rcetunguliir  cotlrdinule*  from  any  fixed  orif[in>  determined 
once  lur  all.  From  ihric;  notc«  fi.i  many  or  hs  few  points  can  be  trans- 
ferred to  the  map  a*  scciux  deair^iblc.  according  to  its  scale,  and  the  fc-  ' 
tnainder  sketched  in.  When  several  uliemute  lines  are  to  be  mapped 
together  thin  method  \*  especially  uiclul.  as  the  trouble  ol  dosing  ac- 
cunitety  is  so  greatly  reduced. 


PROJECTISC  LOCATION. 

134$.  To  make  a  really  good  projection  on  a  topographical  map 
volvcs  a  great  deal  ol  wrork  and  study,  and  errors  arc  almost  a»  easy  as 
they  arc  on  the  ground.  In  fan  ihc  writer  has  no  belief  that  any  one 
ever  projected  a  locittion  00  paper  wUicb  could  not  be  materially  improved  , 
by  study  on  the  ground. 

Tlie  most  difficult  case  is  projecting  a  Anal  gradcline  in  which  curve ' 
com  pen  sat  ion  is  to  be  introduced  as  it  advances.     In  very  difficult  coun- 
tr>-a  Arst  projection  on  an  estimated  avcrase  ■■  >traight "  grade-line  i»  often 
advantageous,  saving  time  and  giving  a  better  final  re.tuh  because  of  the 
double  study.     The  lower  (dotted)  spiral  of  Pig.ai6wa»  projected  in  1 
this  way. 

The  projection  sliould  begin  at  the  nimmit  or  other  fixed  point] 
which  the  line  must  make.  Assuming  a  aiartiog- point  and  elevation. 
lake  in  :■  pair  of  dividers  ihc  distance  on  tlie  map  which  thegi\-en  grade- 
line  takes  to  fall  10  fi.,  or  better  yet.  J  ft-  When  cur^-e  compenxaiioD  is 
introduced  thisdistance  will  be  ditTcrent  on  a  tangent  and  on  every  curve, 
anti  sliould  he  kid  off  on  a  strip  of  paper  so  that  the  dividers  con  be  setj 
and  reset  without  trouble. 

Witli  the  dividers  thus  set.  step  ofl  a  distance  o(  10  or  13  inches  on  \ 
the   map.  (oUuwing  as  nearly  as  may  be  where  it  is  tWuglit  the  line 
wilt  lie.     On  favorable  top<^(raphy  this  will  be  very  closely  along  the 
URADE  CONtoUR.  or  line  where  the  plane  of  the  grade  strikes  the  natuisl 
surface.     In  that  case  we  can  step  of!  quite  a  distance  at  once;  stepping 
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IK  wnUrar  or  hair-contour  at  a  llmc.  and  marking  byastnall  cross- 
^mark  where  ihe  gradc-tjnc  crosses  each. 

1347.  Tlic  gnudc-coiiloiiT  should  then  be  very  lightly  pencilled  in.  and 

I  curve  or  two.  i^r  a  lon^  lungcnt  and  ihc  t>cg<nnin);  o(  one  cuivc.  pro- 

Ijccied.    Then,  MCling  the  divider*  fnr  ihe  proper  distance  lor  a  (all  o( 

fi,  :,  or  S  (t-  on  the  given  curve  <>r  uogcnt.  niid  sianing  from  the  fixfd 

>int.  Ktep  alonjt  the  prajoctcd  lociition  to  the  fir»i  point  of  curve  and 

determine  and  urite  down  ili  elevation  lo  the  nearest  fool  and  tenth : 

p^yinK  no  attention  at  yet  to  stationing,  but  simply  to  determining  points 

vfliecc  the  grade-line  reaches  certain  even  elevaliuni.  ;in(l  tu  delcrciiining 

^  the  i^ade  at  the  points  ol  curve. 

Having  reached  a  curve  from  a  ungent.  retei  the  dtviden  for  the 
distance  (or  the  (;ivcn  (all  on  the  curve ;  start  from  the  P.  C.  cor- 
xly  by  straddling  the  dividers  over  it  according  to  its  IraciJonal  clcva- 
Uiun  \  step  around  the  cur\-c  to  the  P.  ?'..  and  determine  and  lightly  note 
llta  elevation.  R»ei  tlic  dividers  (or  the  next  tangent  or  curve,  and  soon 
[lo  the  end  o(  the  section  projected. 

1240.  Tlien  return  and  correct  the  griule<ontour  according  to  itio 
[precise  jKHnts  at  which  the  elevation  ol  each  contour  or  hall-contour  is 
Ireached  on  the  actual  projection,  sketch  every  bit  of  it  in,  and  see  if  the 
Ifirojection  corresponds  to  the  corrected  gradC'Contour  as  well  as  is  possi- 
ble.   Consider  everything  :  the  material  (above  iill);  the  surface  slope: 
[the  watcc'Ways;  whether  the  line  should  be  preferably  in  eut  or  Iill. 
whether  the  tangent  or  the  centre  ot  a  curve  cannot  be  *tightly  changed 
so  as  to  fit  the  grade  contour  better,  or  avoid  a  rock-cut ;  whether  the 
form  ol  the  gulclies  is  correctly  represented  and  tlierc  is  not  a  crossing 
[mint  slightly  more  favorable  above  or  betow.  which  the  topography  does 
>  not  cleaily  show  ;  whether  the  tangent  cannot  be  broken  up  by  a  slight 
'curve  and  save  work  wliich  will  be  more  conspicuous  on  the  ground  than 
on  the  m4p;or.  on  the  other  hand,  whether  the  line  cannot  be  thrown  out 
.  here  and  in  there,  so  as  to  take  out  curvature  and  yet  gik-c  as  good  a  pro- 
%    Probably  some  little  modification,  at  least,  will  be  at  once  seen  to 
desirable,  and  the  whole  work  will  have  to  be  done  over,  pertups 
Ithrec  or  four  times.     H  nol.  it  may  be  lur  the  time  being  left  behind, 

1S49.  A  short  stretch  more  »Jioiil<l  now  lie  prdjccicd  in  the  same 
I  manner  as  before,  and  now  only  will  it  be  possible  to  give  proper  study 
lo  the  first  section;  for  the  whole  relations  of  the  line  to  the  ground  can- 
Inot  be  taken  in  until  the  projeciton  is  complete  for  a  considerable  dis- 
I  tanc«  on  each  side  ot  the  point  studied.  It  is  now  more  likely  than  be- 
[.(ore  that  ntodifications  will  suggest  themselves  in  the  first  section.   Th« 
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r«idcr  who  i«  quite  satUrMtl  wtih  his  fit%t  nr  mcoim)  ta  third  tfi^  our 
justly  fcnr  ihal  lie  is  doing  bail  work.  The  projcilion  tn  Fij;-  5'6.  '"r 
ex.iin[)li-.  while  Koodcnouplil'.r  an  approxim.it  ion,  igby  no  mcatif  g'T'^^  lir 
II  linai  one.  ticioji  tapiiblc of  coitsiilurHblc  iinpnis-cmciTl  hi  scv4>ral  pipir.f 

After  crimpk-tinK several  miles  ihcwholesh'Mild  be  ntudictt  uVcnt^am. 
and  cocreiitioiis  uiinutlcoil  bclorr  arc  prcuj  lurc  Iw  Miftgest  ilicmH'Ivi-«. 
Very  often  lotiK  M^ell.hl^!l  ti(  tlit  grade  can  bcriiixed  or  lowered  Koni«<*liiii 
tu  ii<lvanla;;e.  at  Ihe  cxponxf  of  u  flight  breuk.  It  is  difficult  to  point 
out  every  lUnger  in  advuiice.  but  il  is  u  fact  that  men  will  diftrr  (n  \\\v\i 
ptojeclioiis  .ilmcjsl  ili  mucli  ;i.s  in  lidil  location,  an<l  the  muM  olivioii*  mv 
provcmeiii*  will  not  sin.ijtest  theinselvcd  until  aome  one  ebc  jMiiiitn  tlinii 
om.  Witliiiut  ail  ucc-uratf  persiinal  kiiowlcdf^  of  the  i:rounrl.  it  h  \<A\j 
(or  anyone  to  attempt  to  make  u  really  good  tiiial  projection.  altbou);li 
contour  ma^!!  tiave  ilie  great  iieKutive  merit  thai  gtarini- errors  ofRcn- 
eial  incompeteimy  mtiy  be  detected  at  aiffht  by  Any  one  f>f  exjierience, 

Before  the  pr<>|ccii<)n  is  c<m»ii1e(i:(l  Final  the  corrected  ^■radc-cofiioui 
Hbould  be  made  exactly  rtgh:.  jnii  sketched  in  clearly  and  complete.  It 
m  very  bad  piactice  to  sketch  in  only  certain  gradc-puinli.  A  Krcatchccic 
against  error  is  thiu  lost. 

I2B0>  The  line  should  now  be  «l;itionerl  and  a  profile  and  ftctd-nnirt 
calle<l  oft.  The  biter  arc  readily  made  uji,  since  the  length  and  dcgre* 
of  ciich  curve  is  known,  but  tiicy  should  be  checked  anrt  corrected 
throujthciiit  !»}■  deteriiiiniiit;  the  bearings o(  every  projected  t.ingmt  (nico 
the  original  North  and  South  line.  Except  when  errors  arc  seen  if  lie 
compensatory  the  bearings  thus  read  will  be  more  trustworthy  than  the 
Kti-piieil-otl  lengths  of  the  cnn-es.  and  the  latter  should  be  niodilied  to 
riirresjumd. 

1 J91.  Curves  may  be  projcacd  cither  (r>  by  compasses.  (J)  by  wooden, 
rubber,  or  mctui  curves,  or  (3  J  by  a  curt'c  protractor  made  oo  a  large  clear 
sheet  of  JMngt.iss  by  scratching  on  the  curves  and  rubbing  ink  in  the 
scratches.  The  Uitcr  j^  a  very  convenient  and  desirable  adjunct  10  the 
work,  but  not  cMwntial  when  the  radii  arc  not  ton  large  (or  ctMnpasrtes. 
With  cut  curves  it  is  far  more  important.  The  writer  personalty  prel'cn 
a  pair  of  coFiipH«eJs  10  anylhine  rise  when  ihr  r.idii  admit  of  their  use. 
The  transition  curves  should  iw  projected  at  the  same  time  ««  the  nirvn 
by  drawing  in  the  Utter  not  i]uite  laiigeni  to  the  tangents,  but  at  n  ^liclit 
offset  10  ihcm.  as  in  Figs.  208  and  316.  What  this  precise  oitsct  may  be 
docs  not  m.->ttcr.  1 1  may  vary  from  a  $  to  j.o  or  4X>  feet  per  d«yr«e  a( 
curve. 

1362.  I  laving  made  the  profile,  the  GRADES  sliould  be  put  on  it.    Re 
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member  In  ptiiting  grades  on  a  profile  ibai  it  is  u  great  deal  easier  lo 
MtTtch  a  thread  to  cover  two  or  three  leet  of  u  proAle  than  lu  execute 
witli  ihovel  and  crow-bar  ttie  w^rk  which  it  alls  (or.  Lonj;  shallow  cuis 
are  itenerally  a  cniuake  o(  judnnient.  The  Kru<lc  should  rather  be  broken 
and  thnwn  up  into  tilt.  As  a  tule.  apices  in  ^radcline;!  should  nrv-cr 
meet  on  a  till  nor  •*  hoilow  in  tliem  appear  in  a  cut.  since  the  extra  depth 
(•(  the  cut  or  height  of  tlic  All  is  so  much  work  thrown  away  in  onder  to 
do  a  bad  thint;— bring  Kradc-llncs  to  a  sharp  interaction  :  but  there  are* 
exceptions  as  respects  lUls,  when  it  is  desirable  (as  it  alwaya  ist  to  give 

jndant  watcr-way  (or  stre<knu  without  carrying  the  whole  lill  on  too 
iigh  a  bank.  It  is  a  common  error  of  luctpcrrcnccd  piujectom  to  lay 
ihc  gradr'*liiie  tooriKirto  the  Buppiisctl  hi);1i'W.iter  m^rk.  It  in  not  worth 
while  10  take  rhanccs.  and  it  should  be  bcvcml  feet  alwve  all  the  ap- 
parent poMibilitic*. 

1353.  It  i«  always  desirable,  except  on  sleep  side>)iitls.  to  have  the 
rills  ex(x;c(l  the  nits.  Heavy  lills  can  begotten  at  (rt>fn  a  xood  many 
[Kjinis,  iir  icmporsifity  irc^tled  and  Ailed  by  train,  but  Urcc  LMts  arc  very 
;i[>t  todrSay  progreu  (they  arc  gcner.il1y  the  Usi  work  (iiii:>)tcd).  tind  tcivc 
Iriiuble  for  maintenance  later.  Long.  low  fill$  shoiiUI  never  be  liiid  out 
to  average  levi  than  two  (ect  high.  The  tenipor.iry  economy  x*  a  dear 
one.  Grades  can  in  {[cnersil  be  laid  out  ju«t  a*  well  as  not  at  some  even 
rate  and  «nrtine  from  some  even  station,  but  the  trouble  often  taken  to 
thi.i  end  M  perhaps  rather  wi)rMr  th.m  thrown  away,  as  it  is  a  simple 
m;ttlcr  to  compute  the  (tpide  elevations,  and  ecoooniy  is  very  apt  to  be 
s^icriliced  to  no  real  advantage.  Full  allowance  (or  vertical  cur%'cs  should 
be  made  aa  Ihe  work  progresses  and  the  i;radca  for  stations  carefully 
looked  alter,  especially  in  projecting  long  grades.  Table  i:;.  page  3S8, 
will  facilitate  doing  so.  The  original  grades  should  be  studied  over  and 
revised,  aided  by  the  cross-sections  of  the  linal  location.  It  Is  cosily 
business  to  attempt  to  make  the  latter  without  accurate  knowledge  of  the 
material  under  the  surface,  but  this  trouble  is  too  fiMiuctiily  not  taken. 
Simple  borini-  ;ind  drilling  appliances  for  invcslq^ling  the  material  now 
exist  in  plenty,  and  the  expense  is  very  slight.  Whenever  and  wherever 
there  is  danger  of  striking  rock  beneath  the  surface,  there  b  little  cxctise 
for  not  determining  its  depth  and  hmitx.  as  it  can  often  l>e  avoi<lc(l  with 


t254i  Provided  with  the  profile  and  field-notes  of  the  paper  location 
tiie  Anal  Irtration  is  proceeded  with.  The  pro6le  i.s  kept  close  up  lo  the 
transit,  and  the  precision  of  the  work  as  compared  with  tlie  projection 
checked  mainly  by  it.     A  few  tie-notes  with  the  preliminary  are  usually 
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taken  ofF  for  each  day's  work,  but  it  is  not  wonh  while  to  attach  much 
weight  to  them.  The  question  is  only ;  Does  the  lire  as  ran  on  the 
ground  give  as  good  a  profile  as  was  expected  and  desired,  and  can  any 
improvements  be  made  in  it?  That  chief  of  party  is  not  a  very  good  ore 
who  will  not  see  many  improvements'  as  he  progresses.  Aided  by  the 
system  of  transition  curves  referred  to  in  the  previous  chapter,  these 
changes  are  rapidly  made ;  but  if  there  be  any  doubt  at  all  about  them, 
they  should  be  left  for  a  later  revision.  In  fact,  the  better  way  is  always 
to  run  the  whole  location  over  twice  {par.  1 193).  The  money  spent  will 
be  well  invested. 
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CHAPTER  XXXIII. 


THE   ESTIMATION   OF   QUANTITIES. 


1350.  The  purpose  of  preliminary  cxtJmittex  i*.  fin/,  to  aniv«  at  an 
approximate  i<l<Ji  of  the  co«i  o(  the  work ;  ttioniffy.  to  compare  alternate 
lines  tof;i:thcr:  tind  IhirMy.  to  auisi  in  llxing  the  fcrudet.  For  neither  of 
the^v  purpOKS  iii  any.Krcut  i-xuctitudc  necessary,  especially  if  there  i» 
ccTtikinty  •)(  tiav-ini;  the  qu;i[iiiiic!i  at  least  larite  enou){l>-  For  e»limuiing 
the  cost  of  the  work  an  excess  of  two  or  three  per  cent  is  rather  an  ad- 
vantage. For  comparing  alternate  lines  the  error,  whatever  it  is,  will 
make  no  difference  unless  Ilierc  arc  causes  why  it  should  exbt  on  one 
line  and  not  on  the  other.  For  fixing  grade-lines  a  slight  percentage  of 
error  is  equally  unimportant,  uncc  it  is  rarely  Roud  engineering,  under 
nwxlern  methods  of  construaion.  to  attempt  any  very  exact  balance  of 
cut  and  lill,  the  till  being  always  Uid  out  in  excess,  and  long  cuts  avoided 
as  much  as  possible.  The  only  exceptions  to  this  rule  arc  when  boththc 
c\iu  and  lilts  arc  short  and  heavy,  so  (hat  ihc  haul  will  not  be  long,  or 
on  a  steep  sirle-slope,  so  that  throwing  the  line  out  to  decrease  the  cm* 
will  increase  the  ^\\*.  at  vict  xtrsa.  Hven  then  the  pnsKibiliiy  of  uting 
temporary  or  permanent  trestleji.  (he  nixeof  water-wiiyx  required. and  the 
difference!)  in  dnssilicalion  will  ordinarily  have  more  elk-ct  on  where  the 
line  in  laid  than  ilie  mere  question  of  balancing  the  protilc. 

1256.  For  thcite  reasons  it  is  an  absurd  waste  of  time  to  use  the  prix- 
moidal  formula,  or  any  other  method  but  that  of  averaKing  end-iireas, 
(or  making  preliminary  estimates,  and  this  method  should  be  used  in  the 
simplest  way  of  all— that  of  determining  ccntrc'heights  directly  from  the 
proDle.  unless  the  j^ound  is  quite  rough  and  irregular.  In  that  case, 
especially  if  the  material  be  rock,  plotted  cross-sections  may  appear 
desirable, 

In  working  merely  from  the  profile  centre- heights,  without  taking  the 
trouble  to  compute  them,  there  is  a  certain  lack  of  precision  which  on  an 
individual  solid  may  introduce  a  considerable  error,  but  we  introduce  no 
itHtieitfy  to  error  in  either  direction.  Our  readings  arc  as  likely  to  be 
too  great  as  too  small,  and  when  tbat  is  so  we  snow  from  the  theory  of 
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pmbBbililieii  tliat  if  the  areruge  error  oti  each  inttividuul  Milid  be  i.  villi 
no  icndency  to  either  excess  nx  rtelkit,  ihc  probiible  oel  crrw  per  »olid 
on  looo  such  sulids  will  be  only  0.0316  cubtc  y«rd!i,  iiivd  on  10.000  ViAiA\ 
only  o.oi  cubic  yards.  Thus  (here  is  no  reii)  objection  to  working  fn 
a  well-made  prolite  fur  any  preliminary  purpose. 

1397.  The  nature  of  the  error  in  the  method  of  computing  by  aveng- 
ing end-arcat  is  tliia  :  The  error  increases  as  the  square  of  the  dlflcreoce 
in  centre-height,  and  is  not  In  tl>c  least  atlected  by  the  abaohjte  vu)un>c 
of  the  solid.  The  heavier  the  work,  therefore,  or  the  le*»  the  suddeo 
changes  of  protitc.  tlic  less  ilic  pruportionatc  error.  Thdt  cut  is  u 
unusual  one  in  which  ihe  crrnr  is  more  than  j  per  cent,  and  that  sectioi 
of  road  would  be  very  unusual  on  which  the  error  was  more  than  1 
cent,  and  this  error  is  always  in  exccM.  There  arc  Indeed  cenain  po»- 
iiib1c*olidii  in  which  the  error  «ill  be  in  deli ciency.  and  certain  others 
(tho*<;  uho.sc-  width  011  top  i«  the  same  while  the  cc^rc-hcighls  diflfcr.  or 
vic<  vtrsa)  in  wlii(-h  the  cnd-arca  mcihoH  is  precisely  correct,  while  cer 
tain  method*  by  the  priimoidal  formula  which  appear  much  more  e. 
will  K've  a  deficiency  :  but  except  on  prrli.-i;)s  one  solid  In  a  thousands 
averauing'  end-areas  always  gives  an  excess  of  volume. 

IISO.  All  methods  of  computing  volume  by  lirst  traaslormiug  the 
end  sections  into  equivalent  level -section*  introduce  a  constant  lendeivcv 
to  deficiency,  and  for  thai  and  other  reasons  are  a  wo. -sc  than  uselc^ 
labor,  far  simpler  methoiU  giving  a  more  accurate  result.  The  prope* 
method  nf  compiitinj;  rarth-work  in  constniciion  is  to  compute  by  end- 
ureait  only,  and  then  at  ».ny  later  time  when  convenience  serves, to dcier- 
mine  pri»moidal  corrections  for  those  solids  which  need  it  rwily.  whic 
are  those  rtilTerinK  by  more  than  two  or  three  feet  in  cenire-hcigbi 
These  corrections  are  then  added  to$^-lher  for  each  cut  or  section  ani 
deducted  iti  Rtoss  from  the  end-area  volume.  The  reasons  which  make 
this  method  ;it  once  the  simplest  and  the  most  iiccurate  ul  all.  and  the 
evidence  Irom  experience  that  it  is  so.  arc  given  at  length  in  the  writers 
treatise  on  the  conipuiation  of  earth-work,  referred  to  elsewhere  in  tbb 
volume,  and,  so  far  as  lie  knows,  are  given  nowhere  else. 

1399,  In  computing  quantities  from  profiles  for  preliminary  purpoMt 
the  cut  or  fill  should,  as  a  rule,  be  assumed  to  terminate  at  the  nearest 
half-station  to  where  it  actually  docs  terminate,  as  shown  in  Fi^-  jnx 
whether  its  actual  Icn^h  be  a  little  more  or  less.  This  Introduces 
another  element  of  slight  uncertainty,  but  it  is  jusiilied  by  the  fact, 
which  it  is  sometimes  dilTioult  for  younj;  .cngineera  to  realiic  titat  th« 
end  of  a  cut  makes  a  very  small  part  of  its  total  volume,  so  iJiat  rcry 


¥ 
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tfitling  errors  In  ili«  ocfl I r«- heights  b\  the  middle  of  the  rut  will  have  \ax 
laore  cftcct.    Mofeover,  asthconxir  is  as  likely  10  be  one  wnyBs  another. 

it  will  be  in  the  end  com- 
penMlnry.  ivaA  no  good  end 
will  be  aiLtined  (ronv  the 
considerable  extra  Ubor  of 
taking  account  of  such  de- 
tails, unleu  llie  material  is 
rock,  and  not  always  then, 
except  in  the  final  adjutt- 
mcnt  of  the  line. 

The  ccnire-liKiRhts  arc 
then  read  off  at  each  sta- 
tion and  the  corresponding 
quniitiiiesdetermined.  Thif 
is  in  effect  c<iuivalcni  to 
''"'"•'» '•'■"»'**-l        '  ■  "'      asjuminK  that   the    «<iual 

solid  in  Fig.  300  may  be  translormcd  into  (he  series  of  prisms  bisected 
t^  the  dottc<l  lines. 

1360.  It  is  not  usual  nor  necessary.  In  preliminary  estimates  of  eanh. 
to  make  any  part  ol  the  estimate  for  fraaional  stations.  When  neces- 
sary It  isaliowcil  for  Ijy  taking  the  cenire-hcighi*  a  little  higher  or  lower. 
at  is  alio,  in  fiict.  any  cjirc^s  or  dclicicncy  in  ihc  length  of  the  end-sec- 
tion. !n  this  way.  with  a  tittle  practice,  closely  npprnxim^itc  results  to 
what  the  mostt  careful  work  will  give  can  lie  n'adily  obtained.  There 
can  be  no  better  pnictice  for  the  student  than  to  determine  this  practi- 
cally, 

1361.  One  source  of  error  mtKt  be  allowed  for  when  Jl  exists,  however 
—the  si.RFACP.  sijOPE.  This  may  be  done  either  l>>'  using  a  coefficient 
to  multiply  tiK  quantities  when  obtained,  or  by  working  from  adiagram, 
like  thosL-  devised  by  the  writer,  which  give  quanmies  at  once  for  any 
Surfiicc  slope.  When  the  surface  slope  i»  level  or  under  10'.  «  table  of 
tevel^ection  quantities  may  be  conveniently  used.  or.  still  better,  plotted 
a*  a  diagram,  a*  in  those  of  the  writer,  and  the  successive  quantitica 
taken  oil  by  an  udomi^tcr  ur  on  a  strip  of  paper.  The  trouble  an<l  chanca 
of  error  in  .idditiLin  is  thus  saved. 

1363.  In  h(m:k-work.  or  whercvct  these  methods  arc  not  accurate 
enough,  by  (ar  the  better  way  is  to  plot  the  surface,  draw  in  the  roml-bed 
and  slopes  with  a  template,  and  determine  the  areas  with  a  planimeter. 
which  \i  a  very  rapid,  simple,  and  accurate  method.  Before  the  final 
S7 
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location  is  rc(;ai<lcd  sn  i-umpletc.  it  la  in  every  wuy  dciirjibte  ilmt  mC 
»«ctlons  Bbould  be  {iloiii-d  cuniplcie  (or  ihc  entire  line  and  careful! 
liludwd. 

1343.  CULV£XTS.— It  Is  ulways  S  mistake  to  nuke  Mpanite  e*lin 
tions  of  each  oE  the  mir.oT  masonry  structures.  It  is  buttwoortlir 
hours'  work  to  construct  a  diagiam  on  a  single  slicet  of  cruss-Ncciv 
paper,  which  will  enable  the  quaniitics  for  any  siandard  type  of  cultc 
to  be  read  olT  at  once  for  any  given  centre- height,  to  a  tenth  ot  «  cubic 
yard  il  dc«irL-d,  but  the  nearest  cubic  yard  is  suSicienily  precise  for  the 
rc()uireinents.  The  suriace  slopes  would  make  a  material  diflcrcncc 
with  the  len|{tli  of  llicse  Mructures.  except  that  when  the  surface  stripe 
IS  steep  it  is  rarely  good  practice  to  lay  a  culvert  in  the  deepest  hollow 
ot  a  iplch.  It  may  usually  be  placed  somewhat  higher  and  at  one  side, 
and  often  well  up  toward  sub-Oracle,  with  very  t:nat  advantage  and 
economy,  the  only  important  point  being  to  absolutely  secure  the  lower 
end  of  the  culvert  against  wash,  which  is  readily  done.  Therefore,  if  a 
culvert  be  taken  as  the  equivalent  of  one  under  \\\<l  deepest  centre  fill 
with  a  level  surfncc  slope,  it  will  ordinarily  be  sufficient.  If  not,  U  can  be 
taken  as  much  deepirr  .is  seems  necessary. 

13$4p  To  construct  the  diagram,  the  \'olume  of  any  box  or  arch  cul- 
vert whatever  (assuming  it  to  be  level)  is  expressed  by  the  equation 

in  which  // =  the  centre  height, /=  a  coefl^cieni  depending  on  the 
cross-section  uf  the  main  body  ot  the  culvert,  and  C=  a  constant  (which 
may  be  either  plus  or  minus),  which  includes  the  modifying  effeet  on 
volume  of  the  ends  of  the  culverts.  To  substitute  actual  values  in  the 
equation  (or  any  given  type  of  culvert:  Compute  its  volume  complete 
with  an  average  depth  of  foundation,  under  any  height  ot  fill  from  the 
natural  surface — say  10  feet.  Compute  also  the  addition  to  its  volume 
by  lengthening  it  j  feci  (with  li  to  1  side  slopes),  or  by  whatever  ofber 
length  is  added  .10  the  culvert  by  increasing  the  fill  t  foot.  We  then 
have  valuesof  I'./,  and  //to  substitute  in  the  equation,  and  Ccan  be  ile- 
icrmincd  at  onoc. 

Such  a  diagram  has  another  value  than  merely  to  save  tabor.  It  keeps 
before  the  mind  ihe  prnponionaie  quantities  in  culverts  ol  diSereai  sites, 
although  if  this  should  lead  to  using  smaller  ones  it  would  ordinarily  be 
unfortunate.  No  dry  work  should  be  estimated  fof  If  ccmcst  ia  teaaon- 
ably  acccasible.     It  is  costly  economy. 

I26fi.  Bkidge  Piek.s.— Any  bridge  pjer  may  be  resolved  imo  eenaln 
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[parte  in<tcpendent  of  height;  a  rcctnngulnr  solid  varying  directly  with 
,  bc'tjhi.  aiiit  %  pyramid  or  cone.  In  other  words,  itx  equuti[>n  of  vnluni« 
ha  of  the  form 

v=/// +/•//• +C. 

^wilh  vfltuec  of  letlcr:i  us  above.  Nucncricul  values  may  likewise  be  dclcr- 
minci!  in  the  same  way.     With  a  batter  of  }  inch  per  foot,  the  value  of 

I  J',  tor  votumctt  in  cubic  yards,  will  be  only  xwioj.    For  a  pier  10  (t.  high 

I  this  gives  r.03  cubic  yds.  aadue  to  the  batter;  for  a  pier  100  ft.  high,  1030 

f  cubic  yards. 

14*6.  nRIDCe  ABUTMENTS  AND  OPEN  cULVER-re  ina/  have  their 
volume  cxprcued  (ur  cunstructinK  a  dlaKrnm  In  precisely  llie  same  way. 

I  umayabo  pile  or  other  foundations.  It  may  not  save  anygreatamount 
of  labor  to  do  this,  but  it  does  furnish  a  cltcck  against  errors  in  single 
comi>utatlOiiUi,  and  Is  information  which  It  b  very  convenient  to  liavc 
ready  for  Innani  reference. 

1347.  WuoDK.N  1  KESI'LKS  BFc  chesp  afhiirt.  The  cRort  should  be  to 
cstlmBie  ihem  libecully,  but  it  b  quite  unnecessary  in  a  preliminary  esci- 
maic  to  waste  time  oil  a  c«rcful  design,  merely  for  the  purpose  of  getting 
quantities. 

In  any  wooden  trestle,  the  c<ips  and  all  ilic  floor  system  above  il,  as 
also  the  minimum  length  of  sill  and  all  wooden  parts  below  it,  are 
directly  a»  ihc  length  of  the  structure  and  independent  ol  its  height. 
The  same  l.i  true  of  the  cost  of  digging  foundatiuns,  and  the  piling  or 
masonry  if  used  (as  one  or  the  other  always  should  be). 

At  a  ctTtuIn  distance  below  the  cap.  say  10  feet,  there  Is  a  system  of 
lonititudlnal.  transverse,  and  diagonal  tira  and  »way<braces  running  the 

,  entire  lenglii  of  the  structure  on  a  tine  about  10  feet  below  the  caps,  and 
(const  rue  lively)  a  certain  addition  to  the  length  of  the  slU.  All  this  m^y 
be  expressed  at  so  much  per  lineal  foot  on  a  horizontal  line  10  feet  below 
the  gr.ific-ilnc. 

Ten  feet  farther  down  there  is  a  similar  qrstem.  nearly  duplicating  the 
first,  but  a  little  larger,  which  may  be  all  expressed  at  sb  much  per  )lnc»l 
foot  on  a  borizontal  line  K>  feet  (or  whatever  the  distance  may  be)  below 
the  grade<line. 

So  we  may  proceed  itniil  we  bavc  provided  tor  the  highest  trestles 
likely  to  occur  on  the  line  of  ilie  given  type,  and  we  iluill  have  expressed 
the  feet  board  me^isurv  in  aiiy  width  in  aii  eqiuaion  of  the  lulluwli^ 
form: 

Fl.  B.  M.  =/L  ^fL'  -^f'L"  -I-  etc. 


in  wbkh  L.  U.  £."=U)C  rcapociivc  kngihs  of  th«  stranure  on  Uk 
grade-linc  and  oi»  parallel  lines  to,  lo.  30  (cct.  etc  below  It,  and /./*,/'« 
llic  corresponding  mca«tircmcni  per  lineal  foot. 

I26B.  The  length  of  each  of  these  lines  beloir  the  grade-Uneo«(bL  in 
ilicocy,  to  be  measured  at  little  titort  on  the  (wofile  to  allow  for  an^  trniu 
which  may  extendi  below  one  system  and  not  quite  down  to  u)otltcr,  but 
»ich  nicety  miiy  be  neglected.  At  the  bottom  of  the  trestle  there  will 
be  an  irrcgulur  area  of  greater  or  Icm  extent.  To  include  tbi*  in  (he 
ettimate.  ir.intform  it  b)-  e>-e  into  a  rcctui([le  10  teei  high  attd  nl  efpial 
area.  Any  one  taniiliar  with  the  construction  of  ireMle*  will  do  ihM 
with  grat  accuracy :  and  the  results  of  this  method,  in  which  no  accooni 
Is  taken  of  the  partictitar  number  or  position  of  Uents,  come  surprait^ly 
close  to  the  ultimate  measurement,  as  the  writer  haa  tested  on  manjr 
Siruciufcs, 

1269.  Trestles  should  invariably  be  built  with  side  Mringen  aiui  tin 
about  ti  (t.  long,  capped  with  a  guard  rail,  as  a  safesuanl  aipkinn  de- 
railed trains,  foot- passengers  caught  on  the  strwriure  by  a  iruin.  and  Utc 
insidious  clfm  of  decay,  as  well  as  for  its  ntatcrjal  addition  to  the  urennth 
o(  the  structure  even  whrn  new.  "  Split  "  Hringcrs.  brealtin};  )oints  with 
each  other,  are  invariably  used  in  good  pmctice.  and  split  cap^i  iiod  siUi 
boxed  into  the  posLi  and  liolted  through  make  a  far  siifler,  better,  sad 
more  cafily  renewable  niructure  than  the  common  form  of  nwr  ' 
toints.  **  Cluster-benl "  trestlci  made  of  8  x  8  inch  timber  are  tbe  : 
(or  high  ilructure*. 

The  end*  of  all  trestles  and  bndires  should  be  protected  bjr  Lnlmer's 
Tcrniling  safety  fr«K3^  a  cheap  cnxt-irun  watcliinan  which  m.iy  be  rel>nl 
upon  to  (Hit  derailed  wheels  back  upon  tlie  track,  if  not  too  far  dispUcxnl, 
as  has  been  proven  by  many  instances. 

1370.  Iron  TRF.5^rL£.<.— Iron  ircstio  may  be  enttnatcd  ininttdii 
same  way  as  wooden  trestles,  and  it  la  (A  practical  value  to  do  so 
bfinf;  out  how  little  the  height  of  trestles  hai  to  do  with  their  weigh!  < 
cost.— a  fact  whidi.  il  it  l>e  fully  realiied  and  taken  advantage  ol, 
<rften  be  an  immense  assistance  in  obtaining  a  fa^'orable  tine,  by  enablin 
it  to  be  carried  high  above  what  are  apt  to  bcthemootsetiansi 
the  deep  Ko«|fC9. 

Iron  trestks.  for  some  occult  reason,  ofc  usually  planned  for  bean  -^ 
feet  apan.  each  sucocmIvc  pair  of  bents  being  braced  ti>Bether  ints 
kind  of  pier.     Sometimes  the  intermediate  spans  are  made  45  or  60  fe 
and  or^caaionally  the  beni.t  arc  60  feet  apart,  continuously.     Samctia 
tbe  intermediate  span*  are  increased  to  100  or  nvore  fcM. 
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IS7I.  However  these  deuils  arc  varied,  (here  is  wonitefdillj'  liitle  ili[- 
fercncc  in  ilie  total  weight  ol  thesiructurc.  which  usually  cumus  out  much 
the  same.bamagd  slight  pcrc«atage.3s  if  the  iimpli:  iyp«ol  30-foot  benix 
had  been  used  throughout.  What  is  gained  in  tlie  bents  is  lost  in  ihe 
floor-syicem,  or  vk*  xtrsa.  This  is  strikingly  illustrated  even  in  so  widely 
diflereni  a  structure  from  tliv  ordinary  trestle  as  the  Kentucky  River 
bridge.  The  total  weight  o!  iron  corresponds  v«ry  cloicly  with  what' 
would  have  been  required  10  cross  the  gorge  with  n  trestle  with  30-lt. 
bents— not  equally  safe  by  any  means,  but  of  the  same  average  weight 
per  lineal  and  vertical  foot  as  in  the  minor  structures  on  the  same  road, 
built  to  sustain  the  same  rolling  load:  so  that  in  estimating  structures 
lor  large  and  small  goi^cs.  by  the  name  rule,  we  do  not  go  far  astray. 

1273.  This  fact  has  led  Mr.  Geo.  H.  Pcgratn  to  propose  the  following 
formula  for  the  weight  ni  iron  trestle*,  which  hr  «taLcf  that  he  has  found 
to  give  close  results  when  tested  on  a  cuii»iderable  number  of  actual 
Structures : 

IVt.  in  lit.  s  (3/.  4-  3//)  1 10  for  Mogul  engines  and  i8jo  lbs.  per  It.; 
In  which  /.  =  the  total  length  ol  the  «ructure  between  centre*  of  cnd- 
plns  and  H  =  the  sum  of  the  total  bent  heights  from  top  of  masonry 
pedc^inl  10  top  of  column!^  taken  a.i  30  feet  apart,  whatever  they  may 
actually  be.  For  Consolidation  engines  we  may  take  fl''={jZ.  -f  i//) 
ii;  to  130. 

These  formula  give  the  total  shipping  weight  ul  iron,  and  will  cwdt- 
narily  approximate  within  5  lo  10  per  cent.  Tliey  will  be  ma»t  in  error 
(100  small)  (or  very  laige  structures. 

1173.  To  this  estimate  is  lo  be  ailded  the  timber-floor  system  and  the 
pedestals.  The  pcdcsials  iire  usually  of  thi^  best  quality  of  cut  stone 
masonry,  and  on  the  Cincinnati  .Southern  Railway,  where  all  such  details 
were  very  carefully  looked  after,  averaged  1.6  cubic  yards  per  lineal  foot  of 
,trettle  an<l  rang«l  from  4  to  8  ft.  high,  above  the  natural  surface.  The 
system  is  rejidiiy  estimated  according  to  the  design  adopted,  which 
should  include  plenty  of  timber. 

Un  the  Cincinnati  Suuibcm  Railway  (Mt^l  rolling-load,  which 
proved  too  small  almost  before  the  road  was  opened)  the  avenige  con- 
tract prices  lor  viaducts  were  %i%  per  foot  horiitontal  and  t\o  per  foot 
vertical,  including  the  floor.  Adding  to  this  the  cost  of  masonry  pedes- 
tals, we  have,  by  a  simitar  method  of  estimation  to  that  rcconimciKled 
for  wooden  trestles: 

Per  foot  horixonial  at  grsde-line. (40  00 

Per  foot  horiiuntal  at  intervals  of  lO-ft.  bdow  gntde^. ,         3  JJ 


r 
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1274.  We  may  sec  from  this   mrthixl  of  exprening  the  coil  tnof«| 
d»riy  than  otherwise  how  little  the  height  of  irestlcf  hu  to  do  wit 
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tiKrr  cott.  Singularly  irnoiigh.  it  appears  from  comparisons  of  the  con- 
tract prii:es  on  that  ronil  that  it  has  more  eflect  on  the  cost  per  foot 
horiiontal  than  per  foot  verticil,  which  latter  were  very  little  affected  ; 
in  part,  no  doubt,  becaus<t  erection  is  much  more  expemive  per  pound 
with  low  ircKtleg.  Fig.  301  will  show  how  little  the  hci{;ht  hju  to  do  with 
the  ocnt  of  even  the  lurgrit  structures. 

137S>  I<  is  probable  that  pcd«alsls  ot  very  superior  concrete  would  be 
<hcaper  i\  well  a*  better  than  masonry.     One  difficulty  In  the  use  of  concrete, 

which  it  B  vcr^  serious  one  wlih  mnsonry  also,  is  that  unilei  the  uiuhI  form  of 
«oninK(  Ihe  contractor  (urnishci  his  own  cement.     H*  is  ihorcfore  under  a  con- 

•lani  lempiaiion  to  skimp  the  work  in  that  villi  detail,  both  In  quancliyand 
Htualiiy.     The  true  way  Is  for  the  company  to  purchase  Its  own  ccmeoi.  luinish 

il  to  the  contractor  liberslly.  and  require  him  to  use  it  so.  He  will  then  be  as 
anxious  10  make  the  work  good  in  that  respect  as  he  is  now  to  make  ii  poor. 

Much  dispute  and  Inspecting  annoyances  will  thus  be  uvcd.  the  cost  of  the 

wtirlc  little  i(  any  increased,  and  Its  quality  materially  bcncAied. 

1270.  Bridges.— In  FIk-  147.  page  767.  there  lias  already  been  given 
adiaigrain  prepared  by  the  writer,  mainly  from  the  formulxdetertnined 
b)'  Oeoi^  n,  Pcgram.  C.  E..  and  jjtvcn  in  a  paper  before  the  American 
Society  oi  Civil  Entpnecrs.  In  addition  to  whiit  is  stated  in  connection 
with  the  diagram,  it  may  be  adtled  that  the  West  Shore  specifications 
called  for  tolled  I-beams  up  to  10  ft.  span,  plate  girders  from  20  to  jo 
feet,  lattice  girders  from  ;o  to  7$  ft.,  and  thereafter  pin-connected  trusses. 
There  was  naturally  a  slight  jump  in  passing  from  one  to  another.  The 
weights  of  bridges  o(  various  spans  were  computed  to  be  of  first-class 
construe  I  iuti.  without  any  additions  ol  doubtful  utility,  so  that  while  a 
bridge  might  weigh  more  than  that  given  through  some  special  excel- 
lence, it  should  not  weigh  much  less.  The  following  are  the  formulE 
deduced  by  Mr.  Pegram,  in  all  o(  which 

5  ^  tlie  span  centre  to  centre  of  bed-plates  or  end-pint,  as  the  case 

may  be. 
W  =  the  total  or  "  shipping"  weight  of  iron  or  neel  in  pounds. 
/Vr  ir^M  triors  uiuUr  %oafl.  span  : 


in  wbkli 


»'=(7S  +  f)-$Vs. 


a  = 
A  = 


7  (or  Class  T,  Fig.  ui,  page  769. 
9  (or  Class  C. 
ff  =  11  for  Class  M. 

For  Oass  N.  three  fourths  of  the  weight  as  given  for  Oasa  T  wai 
Ulccn — a  very  rough  process. 
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For  iron  bri^ti  vetr  too/t.  span .- 


in  which 


A  =  lOo  for  CUm  C 
6=   SoforClmT. 


For  sUtlh-iilgts  owr  300//.  !>»«.■ 


In  vbicb 


e  =  6  lai  Clua  C. 
c  =  6.7  for  Cla»  T. 


1977.  The  type  o(  bfi<^  aiaumed  was  ss  fallows : 

For  spans  below  75  ft. :  dcck-pUte  girder  bridges.  8  ft.  wide.  00a- 
nectcd  with  angle-iron  bracJi^c.  and  witli  croas-iies  resting  00  itae  top 
chords. 

Above  75  ft.  up  to  ijo  ft.:   through  trass  brit^cs.  Prait  or 
quM)nu^[ular  Iruiaes. 

Over  130  ft.:  Whipi>Ie  or  double  quadrangulBr  truues. 

The  widths  aaaumed  were:  For  standard -giufic  span*  nnder  15;  tt.^ 
14.  It.  In  the  clear:  for  jto-ft.  span.  18  ft.  centre  to  ccotn  of  Tnimfi' 
for  4lo-h.  span,  at  fc.  centre  to  ceDtre.and  (or  530  ft.  span,  a;  feet  centre 
to  centre.    The  Boors  ol  the  sp>u)s  consisted  of  cross  Ooor-beams  at  the 
panel  points,  with  a  line  of  iron  stringers  undereach  rail,  exception 
over  )oo  fi..  which  had  three  lines  of  stringers. 

OiflcrcnccG  in  dcpch  affcn  the  «'cight  less  th.in  would  be  sup 
Thus  In  a  6o-(t.  girder  span,  for  Clasa  T.  the  diHereoce  in  total  weifchta'' 
between  depths  of  s  ft.  and  ;}  fi.  was  pr«M»ical1y  nothinf,  and  tor  an 
So-lt.  girder  «pan,  calcuUted  for  data  C,  with  depths  o(  6  ft.,  6}  II,  andj 
■J  h.,  the  difference  wa*  1cm  than  1  per  cent.     In  a  180-ft.  truss  span.  1 
difference  in  weights  between  depths  of  36  and  18  ft.  was  IcM  than  3  : 
cent. 

In  a  530  ft.  Kteel  span,  for  Clas:s  T.  the  difference  ia  weight  between  a 
depth  of  JO  ft.  and  one  of  j8  ft,  wat  about  3  per  cent. ;  a  depth  ol  j6  It. 
was  finally  taken  in  this  ca*e. 

I2T8.  Modi&cations  for  other  conditions  than  those  specified  may  be 
moAv  ill  follows : 

If  wooden  stringers  are  used,  deduct  195  Iba.  per  ft.  forClaasea  U.i 
C  no  lb*,  for  Onss  T.  and  140  tbs.  for  Class  N. 

For  safety  stringers  add  100  lbs.  per  fl.  (or  all  clastet. 
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For  <I«ck-iruRS  bridges  add  10  per  ceat.  and  for  double-track  bridges 
90  per  cent.  10  the  formula  weight. 

Through-pUie  girder  bridges  will  not  differ  m&terially  from  deck 
bridges  in  weight,  urhcre  the  croM'ties  arc  made  to  serve  as  floor  beams. 
When  an  iron  stringer  floor  is  used,  it  will  be  a  close  itpproxiniatlon  to 
add  100  IbsM  per  foot  to  the  weight  given  by  the  formula. 

For  bridges  of  less  than  1 50  tL  span,  the  only  part  of  the  rolling  load 
which  aHects  the  weight  ot  the  bridge  greatly  is  the  engine  load.  For 
■pons  of  over  100  or  250  ft.,  an  average  of  the  engine  and  car-load  per 
foot  will  come  nearer  to  expressing  the  ratio  by  which  the  weight  of  the 
bridge  is  allected. 

1379.  The  weight  of  a  drawbridge,  including  turn-table,  wheels  and 
machinery  to  turn  by  band,  wilt  be  very  nearly  the  ume  as  for  a  Bxed 
span  of  the  same  total  length  to  carry  ilic  same  live  load.  This  rule  ia 
stated  by  Mr.  Pegram  to  have  been  remarkably  exact  in  tests  00  a  num- 
,  ber  of  drawbridges  of  i  so  to  400  (cct.  both  single  and  double  track. 

(1360.  The  con  of  bridges  per  pound  is  far  from  fixed  for  all  classet 
of  itnicturet.  but  may  be  said  to  be  made  up  as  follows : 
Cu.|itrtb 
I.  Raw  material,  rolled  and  plate  iron j}  103 
1.  Work  on  same  in  shop |  to  \\ 
3.  Transportation  by  rait.. ...>.i (to  \ 
4.  Falseworks  and  crcaion.....' i  to  I 
(.  Protlt  and  administration ito'l 
H                       Toul 4    to  7 
The  lowest  of  these  prices  are  sometimes  cut  under,  especially  in  dull 
times  and  for  large  order*  of  a  simple  class  of  work.     For  example,  on 
the  Manhattan  Elevated  Railway,  involving  immense  weights  of  a  very 
simple  class  of  work,  contracts  were  let  at  i  to  3  cents  per  pound,  while, 
on  (he  other  hand,  fat  contracts  at  much  higher  rates  than  those  given 
above  are  not  uncommon :  but  thoe  are  fair  averages  for  average  work 
in  moderately  good  and  bad  times. 

It  will  be  seen  that  only  iirms  I  and  3  above,  and  not  always  even 
those.  inctca»e  directly  with  Ihc  Height  of  the  bridge.  We  may  say  in  a 
general  way  that  10  per  cent  increase  in  wci^l.  with  its  several  times 
greater  increatc  in  safe  rolling  load,  will  mean  not  more  than  j.  or  at 
most  6.  per  cent  in  the  cost  of  ihc  bridge  to  the  company,  and  propor- 
tionately for  greater  or  less  differences  of  weight. 
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1281.  Station  buildings,  yards,  track  and  tnck-Uying,  and  many  other 
minor  details  of  conamiction,  must  likewise  be  Included  in  any  complete 
estimate,  but  to  consider  them  here  would  lead  us  too  Car  from  our  sul^ 
ject,  which  bos  had  to  do  witb  those  dnaila  only  which  are  connected 
with  and  affected  by  the  location  of  the  road. 

In  alt  such  details,  it  has  been  intended  to  go  ^  enough,  and  not  too 
&r,  to  at  least  Fairly  prepare  the  patient  reader  to  make  a  decent  approxi- 
«iation  to  the  true  econinny  of  aliment.  To  do  man  than  this  can 
vnly  be  a  happy  accident  with  any  one.  To  do  less  tbsn  this  the  writer 
Slopes  he  may  have  rendered  nnneceasaiy.  He  has  not  spared  his  own 
labor  to  do  so,  and  for  wherein  he  may  have  bllen  short  he  can  only  say 
^vith  the  heroine  of "  A  Winter's  Tale :"  "  I  speak  as  my  underetaading 
instructs  me,  and  as  mine  honesty  puts  it  to  utterance," 
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EXPERIMENTS    ON   THE    RESISTANCES    OF    ROLLING-STOCK. 

[Hade  by  ili<  luUior  an  tt»  Lake  Short  a  Mldugao  SvulhcFfl  RallnriT.  n  dcTtlaad,  O* 
JuDt-Julr,  ilil.    AbbrcTlucd  (rem  Tmu.  Am.  Sac  C.  B.,  Feb.,  ittf.] 

The  mode  of  tcK  wat  by  what  may  be  termed  the  "drop  test ;"  atait- 
inn  cure  from  a  state  of  ren  down  a  known  gniilc.  and  deducing  th« 
resUtjmccs  from  the  velocity  ucqulred.  The  principle  of  Ihia  method  lias 
often  been  employed  before,  somcitmes  merely  to  determine  comparaii^'e 
remittance*,  without  attempting  to  moMurc  their  absoliiic  amount,  and 
sometimes  lo  determine  a  single  average  reflisitance  from  the  average 
velocity  lor  the  whole  descent.  In  the  present  tests  it  was  attempted, 
with  entire  success  to  extend  this  method  tothedeterminaiionot  aseiiea 
of  «ucce&sive  resistances  at  successive  po!oia  (etcvcii  in  most  cases)  In  the 
path  of  the  vehicles,  during  which  their  velocity  varied  from  o  to  30 
miles  per  hour.  Great  accuracy  in  time  observations  waa  necessary  (or 
tills  purpose,  whkh  was  fully  secured  by  the  aid  of  deciricliy,  90  lulljr. 
In  fact,  that  the  margin  for  error  in  the  latter  half  of  the  eiperimenia 
b  hardly  more  tlian  -^  lb.  per  too.  It  must  be  added,  however,  that 
about  hair  the  tests  were  made  before  the  apparatus  was  fully  perfected, 
and  are.  hence,  less  minutely  accurate,  but  the  maximum  errors  in  these 
latter  can  hardly  exceed  i  lb.  per  ton  in  any  case,  as  will  be  evident  from 
the  record  plates,  and  all  errors  of  any  kind  in  this  mode  of  test  are 
necessarily  compensator;*,  any  excess  in  one  resistance  causing  a  corre- 
sponding deficiency  in  the  succeeding  one,  nnd  f /r^  vma. 

U  is  believed  that  equal  accuracy  U  un.-ittainablc  by  any  other  mode 
of  test,  since  it  is  plain  that  every  Mep  in  this  process  is  free  from  any 
Knsible  source  of  error  other  than  carelexinesa.  The  acocterating  force 
(gravity)  is  uniformly  applied,  and  exactly  known  from  formula,  vriibout 
measurement.  Thia  force  is  neccsaarily  all  consumed  (1}  in  ovcrcomint; 
the  resistances  to  be  mcastircd,  o*  (a)  in  communicating  velocity.  The 
amount  of  force  represented  by  a  given  velocity  i»  known  by  (ormulsc. 
without  measurement,  and   tlie  velocity  itself  ts  exactly  recorded  by 


electricity,  b«9tde  »  sjrachronou*  record  u(  seconds,  from  wiiicb  micfvali 
ol  (Ime  may  be  easily  read  oil  to  ^,  second.  Errors  (rom  orelcsHies 
ill  compuiattoiiatcalu'ays  possible,  but  ilirce  checks  existed  against  tbrin' 
(t)  All  formula;  used  were  firei  tabulated  by  "constant  diffcmur*  :"  12) 
r.iosi  o(  the  icsistanccs  were  computed  indepcniicmly  lij-  tuo  diMinn 
methods,  and  (3)  all  the  computations,  when  completed,  were  ploltd 
on  the  record  dia^mx  (Plate  IX.).  iind  so  many  rexixtAnrea  were  iletrr- 
niinpd  for  each  test  at  gradually  increasing  velocities.  Uwi  any  cnnfJder- 
ablc  error  of  computation  revelled  iutcK  grapfaically.  Finally,  any  mon 
which  S!i1!  occur  are  nut  cumulative,  any  cxccm  in  one  rcxi«ianrr  causinc 
a  rorrcxpondinK  deAciency  in  the  next  following,  and  ivW  i-rrta. 

1'he  tc«U  were  made  under  x»  creat  a  variety  of  conditions  in  respeci 
to  load,  number  o(  car»  in  a  train,  area  of  cross- lectJon.  etc^  as  it  wax 
possible  to  secure  with  the  limited  time  at  curoroaml.  and  give  due  or- 
Utioty  to  each.  This  variety  of  conditions  was  secured  in  order  to  hurilt- 
Ute.  as  far  as  possible,  one  ol  the  objects  which  waa  bcUl  especially  in 
view,  viz.,  a  more  correct  separation  than  heretofore  of  the  BKfn^eiptte 
rcsi&tacicc  /rmn  xfUiit/  enfy  (excluding  the  normal  axte-lrk'tion)  into  in 
constituent  cl<:n>ents.  air  resistance,  oscillatory  resistance,  etc.  This  nb' 
ject.  it  is  thought,  lias  been  quite  successfully  aiuUicd.  and  wltli  some- 
what surprising  results. 

[The  Rreal  i«ii|i(h  to  which  Ihl*  voJume  has  frown  lorhiils  (he  rrprodiic-ixia 
a(  ihe  body  c-f  (he  paper,  and  ihose  ilesiring  |o  (allow  U  bic  retetirU  10  Wra 
paper  iiicK,  The  dfrterminaiion  of  the  possible  air  irtntance  eipeciallr  a 
believed  (u  hare  boat)  sulllcienily  exact  to  make  it  cettaio  thai  h  has  less  cfie<t 
on  the  movement  of  trains  than  It  commonly  su|ipgMd.  Tlie  loDowlnt  arc  the 
conclusions  of  the  paper:] 

SUMMARr. 

We  may  xummarixc  the  various  coitctusions  readied  in  the  preceding 
paper  as  followi : 

isi.  The  axle  and  rolling  fricxtoo  <A  empty  freight  cars  iray  be  taken 
ax  ti  thK.  per  ton  of  looo  lbs.  The  axle  and  rolling  friction  of  coaches 
and  loaded  freight  cars  may  be  taken  as  \  Ibx.  per  ton.  The  Quctuatioiu 
from  these  limits  are  small,  rarely  exceeding  1  Ibu  per  ton  in  single  cars, 
or  ^  to  i  lb.  per  ton  in  a  train. 

3d.  The  initial  rcsinance  at  the  inxtant  of  starting  is  several  tiroes 
greater  than  this,  and  greater  (or  loaded  tlian  (or  empty  cam.  being  at 
least  iS  lbs  per  ton  for  loaded  car*^  and  14  lbs.  per  ton  lor  empty  can. 
as  an  average,  but  Suctuating  considerably.  Its  amount  probably  v»k* 
with  the  length  of  stop,  according  to  unknown  laws. 
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)d.  Most  of  this  [nilial  ic? instance  is  almuat  wholly  irmanlancous.  und 
consumes  little  power.  I^noui^h  u(  ii  itill  runiuin!i,  however,  10  increase 
the  nonnal  axle- friction  iii  ihe  Brst  (cw  car-lengths  by  at  least  i  lbs.  per 
Ion.' 

41b.  The  air  resistaiicc  aguiiist  »uch  a  surface  as  the  end  of  a  box  car 
(aboiii  80  sq.  ft.)  is  less  than  \  lb.  per  square  foot  at  a  velocity  of  10  inilcit 
per  hour,  snd  (presumably)  hicrcascs  as  the  square  of  the  velocity.  The 
current  mimaiet  nl  this  resistance  (|  lb.  to  1  lb.  per  square  foot)  are 
erroneous  by  from  25a  to  }00  per  cent,  when  applied  to  turfaccs  ol  that 
size. 

5tb.  About  two  tliirds  of  the  velocity  resistance  prnpcr,  excluding  the 
Dormal  axk- friction,  is  due  to  oscillation  and  concussion.  The  resistance 
due  to  this  tatter  cause  alone  may  be  estimated  at  )  lb.  per  ton  at  a 
velocity  of  10  miles  per  hour,  varying  as  the  square  of  ihc  velocity. 

6lh.  The  reiUtance  of  curves  decreiises  materially  with  the  velocity, 
and  appears  to  be  gtcater  by  a  considerable  peroenta^^e  in  tlic  lir»t  »x>  to 
500  feet  than  on  the  rest  of  the  curve. 

7lh.  The  resistance  of  a  1°  curve  is  ov-er  i  lb.  per  ton  at  a  velocity  of 
12  miles  pcf  hour,  and  decreases  to  about  1  lb.  pcf  ton  at  a  velocity  ot 
31  miles  per  hour.  The  resistance  of  an  8'  curve  is  over  8  lbs-  per  ton  at 
a  velocity  of  9  miles  per  hour,  and  decreases  10  about  C|  lbs.  per  ton 
(probably)  at  a  speed  of  19  miles  per  hour. 

Sib.  The  average  resistance  of  a  1'  curve  to  4-whcel  trucks,  having  a 
j-foot  rigid  whccl-hase,  and  lo  6-whec1  trucks  liaving  a  io)-(oot  rigid 
whcci-base  [except  for  the  play  of  the  boxes  in  ihc  pedestal -jaws),  appear 
to  be  almost  identiral. 

9th.  It  appears  possible  that  the  act  of  coupling  lOErthcr  cars  bj-  « 
loose  link  slightly  decreases  the  axle- friction,  and  hence,  presumably^ 
the  oscillating  friction  at  Iiigh  velocities.  The  average  reduction 
obsex\-ed  from  coupling  four  or  live  cars  together  appeared  to  be  as 
much  as  t  lb.  per  ton.  [The  tests  appeared  to  indicate  tbn.  but  the 
author  now  regards  it  as  very  doubtful.) 

loth.  There  appear  to  be  good  grounds  for  suspecting  that  a  slight 
superelevation  of  one  rail  on  a  tangent  may  have  the  eflecl  of  appre- 
ciably reducing  the  resistance  to  motion  even  at  velocities  of  ten  or 
twelve  miles  per  hour. 

|i  *  Tfais,  of  course,  docs  not  include,  nor  in  any  wajr  refer  to.  the  aildiiional 
power  demanded  to  get  up  speed,  which  is  1  lbs.  per  ion  to  give  a  speed  of  to 
milei  pe>  hour  in  33^0  feet,  or  4.$  lbs.  per  ton  10  give  a  speed  oi  15  tnlles  pe< 
huu(  in  Ihc  same  distance 
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nth.  Roller-journals  of  various  forms  appear  to  be  very  etTectual  at 
velocities  of  o  +,  but  lose  nearly  all  their  theoretical  advantage  as  the 
velocity  increases.  Such  journals  appear  to  be  more  effective  as  the 
load  is  decreased,  and  reduce  the  resistance^  of  empty  horse  cars  by 
about  one  half. 

ii^th.  Forty- two- inch  wheels  seem  to  be  even  more  effectual  than 
theory  would  indicate  in  reducing  extra  friction. 

13th.  The  equation  of  resistance  for  average  trains  (twenty  cars)  of 
loaded  box  cars  may  be  taken,  approximately,  as 


or,  for  trains  of  forty  empty  box  cars, 

Jf  =  -^  +  6. 
106 

The  velocity  resistances  of  flat  cars  increase  somewhat  morie  rapidly, 

being  for  twenty  loaded  flat  cars  — ,  and  for  forty  empty  fiat  cars  -5—. 

These  formulic  are  believed  to  be  closely  approximate  up  to  velocities 
of  thirty  miles  per  hour.     No  tests  were  made  at  higher  velocities. 

14th,  The  coelficient  of  axle-friction  is  about  .02  for  loaded  freight 
cars  and  passenger  coaches  at  speeds  of  over  five  miles  per  hour,  about 
.03  for  empty  freight  cars,  about  .065  for  horse  cars,  and  about  .12  for 
freight  trucks  without  load.  The  coefHcient  is  two  to  three  times 
greater  at  the  instant  of  starting.  It  decreases  rapidly  as  the  load  per 
journal  increases. 
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EXPERIMENTS  WITH   NEW  APPARATUS  ON  JOURNAl^FRICTION 
AT  LOW  VELOCITIES. 

(A  Vtpa  Iqp  lb«  uirtior.  nod  Mfor*  Iht  Amcrlctn  Sociclrof  CiT<1  BogiDMn.  luni  i.  lOa. 
Abbrerlilcd  Ifom  Trut  Am.  Soc,  C.  II.  D«,.  |M«,) 

Ttii:  fallowing  experiment  wete  undertaken  by  the  writer  in  the  winter 
of  1878.  primarily  to  test  ttie  correciness,  especially  in  respect  10  initial 
friction  at  ktw  velocitiex.  of  a  aeries  of  other  teitii  of  colling' stock  rcsi«i- 
HnceN  («ec  Appendix  A)  made  in  a  lotully  different  manner,  on  the  Lake 
Shore  A  Michigan  Southern  Kailway.  under  the  direction  of  Charles 
pjiioc.  Member  and  cx-Pmident  of  the  Society,  who  kindly  furnished 
the  writer  all  necessary  facilities. 

The  apparatus  used  b  shown  with  sufRcient  clearness  m  Fig.  301.  It  ia 
extremely  cheap  and  simple,  but  fulfils  it*  purpose  as  perfectly  as  could 
be  dcsiicd.  and  is  iKlicvcd  to  tie  entirely  novel.  The  axle  /f  to  be  tested 
b  placed  in  an  ordinary  lathe,  havinii  as  Kre*t  a  variety  of  speeds  as 
possible.  The  testing  apparatus,  ai  actually  constructed,  consisted  of  an 
oak  beam.  C,  about  4"  x  4"  in  !>ite.  and  about  5  ft.  long. carrying  the  com- 
pound lever. /.£'.  each  of  which  multiplies  tlie  load  applied  about  1 1  times. 
Of.  in  the  aggrcKate.  115  tifflcs.  The  yoke  E  encircles  the  axle  and  bears 
againit  the  brass  B  underneath  It.  thus  furnishing  the  necessary  resist- 
ance to  the  action  of  the  levers  and  thiowin^;  the  same  load  u|K>n  the 
lower  brass  i9  as  is  imposed  by  the  levers  directly  on  the  upper  brass  by 
transmission  through  the  pin  D.  the  latter  being  pa«ed  through  a  hnle 
In  the  beam  C  The  pressure  was  transmitted  to  both  the  upper  and  llie 
lom-er  br<iss  by  suitable  iron  blocks  fshown  in  the  cut  directly  above  and 
l>eIow  the  brasscsp.  representing  as  nearly  as  might  be  the  ordinary  form 
of  the  top  o(  a  journal-box. 

As  thu«  constructed,  it  will  be  seen  that  the  entire  apparatus  (when 
properly  balanced,  which  it  perfected  by  the  light  counterpoise  ff)  ia 
poised  ill  unstable  equilibrium  on  the  axle  A.  and  opposes  no  resistance 
to  motion  in  either  direction,  except  such  as  arises  from  friction.  A  very 
heavy  load  may  be  thrown  on  the  bearings  viz..  6000  lbs.  (jooo  lbs.  on 
58 
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caicb  Ixarinf!)  for  cvrry  34  Ihs.  of  load,  W  placed  on  the  cxirotnity  ul  ilic 
COmpoun<l  l(!vcr,  but  the  only  weight  thrown  upon  ihc  latht^-n^miM 
is  the  (Icud  weight  of  the  apparatus  itself,  wbkh  was  kept  coosiant  at 
305  Ihs, 

[Some  turihcr  details  >r«  omitted  here,  aad  throughout  ibc  remiilnde*  «t  Ihr 
paper] 

When  the  axle  A  Is  caused  10  revolve,  the  lever  C  is  held  lUtloiuiT 
by  the  platform-scale,  and  it  is  obvious  lh«t  the  pressure  prodiKcd  upon 


V\Q.  lal.— ArrAKTIIB  TDK  TllTIH<i  JOVKIUI^PVKTIIIII  IN  «  LoTHK. 

the  scale  furni^hei  nn  cxiict  and  direct  measure  ol  the  joumal-frjctlon 
It  wuK  found  in  practice  that  this  pressure,  varying  frum  lo  to  140  lb*.. 
n-iili  the  {nupurliuns  actually  adopted,  oou Id  be  ire iiihed  with  as  tniicii 
.(iirlicucy  anil  ea»e  *a  if  it  were  a  material  sulj»tnnce  restini;  upon  tbs 
pliltform  of  the  scale.  Under  a  given  load  and  speed  uf  journal  tbe 
friction  produced,  although  It  did  not  remain  atwolutely  stationary, 
varied  ^n  very  little  and  so  flowty  that  the  beam  of  the  scale  would 
sonu-timct  vibrate  slowly  and  gently  bctncen  the  guards  (sometlnia 
touching  the  upper  one  and  again  returning  to  the  tower,  but  for  t!ie 
most  {lart  louchin);  neither)  for  10  nr  ij  minutes  at  a  time.  On  the 
other  hjn<1.  when  the  bras*  was  growing  hot.  by  continuing  the  ten  fur 
a  considerable  itme  the  friction  would  continue  to  increaM  va  that  tiK 
scale>weig)it  had  to  be  continually  moved  ;  but  the  change  was  never  »> 
rapid  but  that  it  could  be  eanily  followed  and  studied  with  the  Male,  vitli 
an  ,-ilisnlitte  certiiiniy  that  the  friction  exiiling  for  the  moment  was  bebif 
acrciiraiely  weighed.  The  diHereni-c  in  friction  caused  by  lemperaiurr 
was  found  to  be  very  Ki^at-  but  in  the  absence  of  nrraitgenictiis  for 
nccurately  determining  the  temperature  do  very  cloae  results  as  to  its 
precise  effect  were  attempted. 
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As  the  failures  in  designing  cuch  apparsuis  arc  as  instructive  as  i)i« 

r  tucccsscs,  it  may  be  noted  ih»t  the  entire  siicccM  of  this  apparatus  de- 

spends  upon  llic  use  ol  tlic  plat  form -scale,  or  some  equivalent  device  for 

;hing  ihr  Ktrains.  in  which  the  mciisutcment  nl  Ihc  stntins  is  as  nearly 

iinuy  t)c  ulMolutcly.itatinil.na  inolion  ol  the  bciirinn  whatever  being 

necoinry  in  orrJer  (»  ex[ire»i  a  vuriiitioii  nf  frictioo.     It  wus  at  first 

attem)>tcd  to  use  !iprinK-»cul«i  to  measure  the  (naion.  with  the  Idea  ihat 

variations  uf  Inction  cuulit  be  more  tlelx^utety  and  readily  rirad.     The 

,  vibration  which  would  almost  instantly  aei  up,  iccincd  lu  indicate  quick 

nd  great  irregul. critics  ol  friction,  and  absolutely  forbade  any  useful  )n- 

fdications  from  ilie  readings. 

It  has  been  preferred  in  this  paper  to  deal  with  rcslstaticcs  in  pounds 
Iper  ton,  instead  of  ihe  coetTic'em  of  friction,  lor  two  reasons: 

ist.  The  (Icicrminiiiion  nf  ilics^  resiM;inccs.  and  not  investigations  o( 

I'thc  geiicml  laws  of  .-ill  friction,  was  the  end  in  view  in  the  experiments. 

id,  The  cocRicicnt  proper  is  a  minute  decimal,  conveying  oo  Im- 

stion  to  ttie  mind  in  itself,  whereas  reniitances  per  ton  are  something 

'^Ihat  engineers  arc  already  familiar  with,  and  being  expressible  with  few 

I  digits  iind  in  inic^al  numbers.,  the  mind  much  more  easily  grasps  and 
follows  their  rirlHtions  to  each  other. 
For  the  siinic  reasons,  the  velocities  here  spoken  of  are  miles  per  hour 
of  train-fpecd.  Multiplying  the  velocities  Riven  by  9  gives,  very  approjc- 
imately.  tlie  journal-speed  in  feet  per  minute. 
In  the  comparisons  which  follow,  with  various  experiments  the  ap- 
proximate formula.  R  =  looC',  has  been  used  10  convert  the  recorded  co- 
efficicnis  into  pounds  per  ton.  Tliis  is  only  correct  when  the  diameter 
o(  a  ratlroa4]  journal  is  onc>tentb  the  diameter  of  the  wheel.  In  Kcnernl, 
U  the  present  time,  it  lan^es  from  less  than  9  to  g.fttim**.  the  latter 
having  been  the  ratio  in  the  prc»ent  lest :  so  that  the  use  o(  the  approxi- 
RiMe  formula  lor  converting  coeflioicnts  obtaineii  l>y  others  into  pounds 
per  ton  gives  a  result  about  4  per  cent  too  small.  In  view  of  the  lucu 
however,  that  these  results  differ  300  to  400  per  cent  (roin  each  other,  in 

i many  cases  under  circumstances  wtiich  seem  to  entitle  them  to  equal 
credit,  this  error  has  not  been  deemed  of  moment,  provided  its  existence 
be  [emcmbcrcd. 
The  apparatus  heretofore  described  is,  when  pntpcrly  constructed, 
bcliex'ed  to  poKtess  evcr^-  imponant  advantage  of  the  various  testing 
machines  in  use.  with  some  peculiarly  Its  own.  It  is  vcrj'  light  and 
cheap;  the  actual  weights  to  be  bandied  arc  very  small,  so  that  they  arc 
readily  changed,  and  but  little  strain  is  produced  on  the  machine;  it  taa 
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be  used  in  any  ordinary  lathe  and  with  an  ordinary  pUtfom  aal^ 
enough  varieties  of  which  can  be  obtained  without  apeclaloonstrxietion  la 
sati&iy  every  [cquiremcni ;  it  is  poslcive  in  Its  aalon  throughout,  and  ao 
delicate  computation  and  construction  of  scales  Is  neccssarj-  for  its  use: 
and  it  admitH  of  ;iny  desired  delicacy  of  readings  by  the  simple  substitution 
of  more  delicate  scnlcit.  The  common  plailorm-«cak  o(  the  «hop  when 
the  testa  were  made  was  deemed  sufbcient  in  ibis  instance,  since  the 
siresaes  actually  w«i{;hed  ranged  so  hiiih  that  the  error  of  observation 
Iron)  lack  of  delicacy  in  the  scalca  could  rarely  exceed  a  fraction  of  oiu 
per  cent.  The  axle  was  Kt  very  slightly  eccentric,  SO  as  to  Imltale  (be 
elTcct  of  an  inipcrfcctly  centred  wheel.  This  probably  aotnewhat  in- 
creased the  coefficient,  although  very  slightly  at  the  low  epcerd  used. 
The  effect  of  end  play  in  distributing  lubricants  was  inflated  hy  the  oc- 
casional use  of  manual  force.  It  was  found  possible  to  do  tlii^  in  great 
degree,  and  it  was  generally  found  to  have  a  slight  beneficial  elTcct  upon 
the  cocfhcient.  but  only  slight :  especial  pains  was  at  all  times  taken  to 
have  the  journal  well  lubricated  before  beginning  each  test.  The  jour- 
iiuU  aiid  brasMs  were  fairly  well  potisbed  by  uae  up  to  their  average  coa- 
(liiioii  in  service,  but  no  more. 

The  t«l»  made  are  shown  in  Table  I.  (onitttcd),  and  graphically  in 
I^iK-  3^3'  Three  diRerent  loads  only  were  used  in  testing,  corresponding 
!aA  nearly  as  might  be  to  the  loads  on  bearings  of  a  loaded  car.  empty  cv 
:ind  truck  alone.  Each  one  of  these  it  was  dcsignc<l  to  test  a  number  of 
timet  at  all  the  speeds  which  the  lathe  used  admitted  of.  Whenever  a 
bearing  heated  above  i  jo'  F.  the  tests  were  suspended  and  the  bearings 
cooled,  since  no  means  had  been  proviiled  (or  accurate  mcamrc  of  imb- 
peralure.  Each  test,  at  any  given  speed  and  load,  was  continued  for 
(rom  S  to  even  30  minutes,  when  thf  hearings  were  cool,  in  order  to  be 
certain  that  it  was  a  fair  average.  When  the  bearings  were  hot  the  tests 
were  shorter,  and  the  bcjiring*  were  retamed  as  neatly  as  might  be  at  (he 
same  temperature  by  waiting  a  considerable  interval  between  each  test. 
During  a  test  the  resistance  would  generally  fluctuate,  slowly  and  gently, 
irom  to  i>er  cent  to  sometimes  3o  per  cent  higher  or  lower  than  the 
average  afterwards  taken.  This  change  was  considered  normal,  anil 
arose  (rom  no  discernible  cause.  When  llic  fluctuations  were  greater 
than  this  they  were  generally  very  much  greater,  and  arow:  Irom  bcatiof 
of  ihc  bearings. 
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Note. — /«  all  Ihe  duigrami  btlev/.  as  aha  in  Fig.  303  givimg  resnUt  i 
tilt  wriler'i   tttls,   lAt  joHrnat-ipt*d  hat  (ten  rtducci  to  ill  r^uivat. 
train  vfheily  iit  utiUs  per    hour  and  the  (•.v^ititt  a/  frietiQit  t» 
ffHiualMt  in  fiouiufs  ffr  imi  traeliw  resiilanee  l«  tht  fotomative. 

iKTCViiTV  nr  Load  Pen  Sq.  Tmck  iioicattd  nv  THicKfr.n  or  Ll.'OS. 
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Fio.  |Dj.— Coiir*«*Tii-ii  RmLT  ui  I'-iPi.  K  H,  THmrai'i  TumtwrtM  Sidhh  On.  «ia 
Hn-  BflAix^iAjfr  Tow««'t  Tehtv  wfiv  %rt*9t  B«tii;  tik  LtriKH  iv(3icat«1»  1hu»*»^i>— o— 

^(Th«  rnoil  noubw  fart  in  thin  ducram  1^.  ihil  while  Thumoa**  uid  Tower**  (eitt 
■Rm  aimoM  (irnjulv.  with  hpcrm-oll.  at  qn*  UmpcraiUR  wid  loo  Itn.  per  M).  In.,  !n- 
CTM*tiie  thi  |ima(nri>  Ui  xo  Ibh.  p*r  K].  In.  uussd  ■  nuriiat  imtrtait  of  ooaBicimt  la 
TknnioQ't  ten*  uid  xa  equally  markMl  Jttrr^st  In  Tonti't  leMi.) 
B  DBDVcnott  peoM  trk  Tuts. 

P  {  7mu  «/ 1000  /^*.) 

titiiiat  Fridi^m.—tht  writer's  obMrvations  under  thb  h«ad  were  ex- 
cepllonally  complete,  and  the  conclusions  reached  vere  m  follows: 

I.  Friction  a\.  very  tow  journal-speeds  ot  o  +  i*  abnormally  great, 
and  more  nearly  omtstaiit  than  any  ncher  clrment  of  friction,  under  vary- 
Fni,'  conditions  of  lubrioition.  load,  nnd  tcfnpemturc.     It  vnriri  frwn  tS 
to  34  tb*.  per  ton  (coefficient.  .09  to  .ra)  for  loads  <►(  from  30  to  280  Ib«.  ■ 
per  square  inch.    Within  tbosc  limits  it  is  not  greatly  modified  by  loftd 

or  temperMurc. 

3.  This  ■bnormal  increase  of  friction  Is  due  solely  to  the  itl^tty  e/ 
rn^utim  continuing  unchanged  »o  lonK  as  the  velocity  is  unchanged, 
and  reiumtnfr  to  the  same  amount  whenever  the  velocity  is  reduced  to 
Uie  same  rate,  baning  exceptionally  sl^ht  variations,  probably  due  to 
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diffi-rcnccs  of  lubriulinn  nni\  temperature-  It  is  not  appreciably  ul!ecte<l 
ti)-  ilic  fuel  tliut  (lie  journal  miry  be  jutt  starting  into  motiun.  or  '\t  juM. 
ominc  to  rest,  or  is  icm{HiriiHly  reduced  to  a  vclociijrot  0+  during 
continuous  motion. 

3.  At  velocities  higher  than  o  +.  but  still  vtry  low.  the  same  gcnmil 
taw  obtain*.  The  (.odficienl  (alb  very  xlowl)  and  regularly  as  velocity 
is  increased,  but  is  constantly  more  and  more  iilTectcd  by  diflercnccs  of 
lubrication,  load,  and  temperature. 

4.  A  xtry  iii^hl  CKCCAS  of  initial  friction  proper  (varying  from  1  lt>. 
to  z  lbs.)  could  ((cncratly  (but  not  always)  be  observed  over  tbat  wb><:h 
continued  to  exist  at  the  nearest  approaeb  to  a  strictly  iiirinite»mal 
velocity  which  It  was  possible  to  obtain.  This  ditlerence  was.  by  analogv. 
ascribed  solely  to  the  fact  that  the  lowest  continuous  velocity  attainable 
was  not  strictly  Inliniicsimal,  and  the  final  conclusion  was  drawn  that— 

;.  There  is  no  such  phenomenon  in  journal-ftiction  as  a  Jrittion  ^ 
rtti,  or  a  frUlm*  ef  guiattnee,  in  distinction  from  (i.e..  diSering  in 
amount  from)  friction  of  motion  at  slow  velocities,  and  due  to  the  faa 
of  quiescence.  Consequently,  the  use  of  such  a  term.  althouKh  con^H 
venient,  is  scicntilically  inaccurate.  In  ihnc  it  ascribes  the  phcnoraenoa^H 
to  the  wrong  cause,  and  to  a  cause  which  is  not  necessary  for  its  citsi- 
ence.  The  fact  that  friction  of  rest,  as  such,  apptars  to  csisi.  is  due 
solely  to  the  fact  that  no  journal  or  other  K>lid  body  can  be  inttaMtt 
set  into  rapid  motion  by  any  force,  however  ^[rcat.  There  must  be  a  cer- 
tain appreciable  instant  of  time  during  which  the  velocity  is  infinitesimaJ 
and  grnduatly  increasing. 

Tiii.t  interesting  fuel,  which  Is  believed  to  have  been  here  nltscn'rd 
(or  the  first  time  (no  other  apparatus  being  known  to  have  been  •a-neA 
suitable  tor  determining  k).  was  determined  with  great  complcicnesi  by 
many  tests.  Very  slow  motion  could  be  produced  at  any  lime  by  re- 
volving the  driving-pulley  of  the  lathe  by  hand  when  geared  for  a  slow 
speed.  With  a  little  experience,  the  weight  on  the  scale-beam  could  be 
placed  in  advance  at  a  point  which  would  be  a  trifle  less  than  the  initial 
friction  proper,  and  (when  properly  plHc<-d)  it  would  barely  lift  when 
motion  first  began.  ;ind  then  have  to  be  moved  back  a  notch  or  two  only, 
to  weigh  the  friction  which  o>ntinued  to  exixc  indefinitely.  Similarly, 
when  a  test  at  comparatively  high  speed  was  about  to  be  conctuded-  the 
scale-weight  would  be  placed  to  measure  the  same  pressure,  or  a  little 
less,  ai  existed  in  st:iriing.  and  it  wits  always  found  to  indicate  in  stop- 
ping substantially  the  same  friction  as  in  starting.  The  same  tr^t  uas 
made  by  interrupting  tests  at  speed,  so  as  to  give  a  conttnuous  motion. 
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ji  to  suddenly  reduce  the  tipced  to  o  -f .    These  tcsu  were  repeated 

In  and  again,  with  practiatlly  identical  results. 

Comparini;  these  renullH  wiili  others,  tliey  agree  very  closely  indeed 
with  the  wiiler'a  conclusions  (roin  the  results  of  his  gravity  icsiB,  ns  will 
be  seen  below : 

"  Initial"  j0nrm\t-/ri(ti0H  (I.e..  at  velocity  of  o  +), 
Wciter'i  eoneliMlonii  f loin  jouiiijil  icttx.  above,  say . .     19   to    a j  Ibt.  per  ion. 
Writer'*  «c>nclu»inns  from  K'aviiy  tcsu  of  roUinK'Siock 

(m*  Trant.  Am.  Soc.  C.  E.,  February,  tSj^l.  ■*  ai 

lea»f 14    to    18    ■'      •'     " 

Pi»l.  R,  H,  Thuition  ("Friction  and  Lubrication." 

page  17s).  W.  Vu.  oila 33  lo   iB    

Pror.  R.  H.  Thuraion  ("Friction  and  Lubrication," 

page  t;5X  *i>crm 14    U>    38 

Prof.  R.  H.  Thurston  ("Friction  and  Lubrication," 

page  ITS).  Wd 14   to   33    * 

Prof.  KimlMtlMn.  J»Mr.  Sti.,  March.   1S7S,  or  Ff. 

andL,  pageieb).... »  10  31    "     **    *• 

In  addiiion,  it  may  be  noied  thai  ilic  writer  has  taken 

paiii)  (u  obscrre  with  tome  care  at  various  timet 

thai  in  ordinary  service  no  railroad  cart  can  start 

themselves  from  rcsL  nor  can  they,  in  ({eneial,  be 

started  without  the  use  of  much  force,  on  a  grade 

of  .7  per  cent  1=  14  Ita.  per  ton,  36  fl.  per  mile), 

liul  that  they  will  Krnetally  (but  not  always)  start 

of  themselves  on  a  grade  of  :.t  lo  1.3  per  cent 

1=  31  10  34  ItM,  per  inn.  jS  10  bj  (1.  per  mite),  la- 

dleatlng  an  "initial"  fiiijtiun  of ao    lo    34     **      "     " 

These  results  agree  wondcfully  well  with  cacti  other,  the  averages 
running  18,  \(t,  35.  30,  18,  i%\-  *i*><t  ^^  Ihs-  per  ion,  the  Kvcrage  of  all  being 
iS.o  to  IjjO  Itw.  per  ton.  or  30}  Iba.  as  the  general  avcrtigc  of  all.  This 
corresponds  to  the  ncceternting  force  o(  fcravity  on  a  1  per  cent  (ji-S  ft. 
per  mile)  grade,  and  that  being  also  the  lowest  grade,  by  universal  rail- 
road experience,  upon  which  cnni  can  be  relied  on  to  start  oB  from  a 
state  of  rcxt  with  little  or  no  a^istiui<:e,  the  oorrcctoesa  of  this  coefflcieilt 
may  be  considered  as  well  determined.  * 

*  On  ao7  percent  K^adeO 4  tbs.  per  ton)  the  writer  found  it  impossible  In 
Mveral  instances  (or  six  men  pushing,  two  niih  pinch-bars,  to  start  two  loaded 
box  cars  into  motion.  In  no  single  Instance  out  of  over  sixty  did  cars  start 
without  some  asststance. 


fiermal  C^e^cienl  of  yaitriml-frielUn  at  Ordinary  Operating  I'rbki- 
ties. — Ccrtnin  ifrni-nii  fucU  iieem  to  be  clear  Irom  all  Itie  various  tesu 
here  COiHii<kTe<i : 

TliL-  lint  ol  these  is.  thai  (l)  tlie  cliaractcr  and  cotnptctencM  of 
ltil>ricutH>n  MCim.to  be  Imntcnsely  more  important  thnn  the  kind  of 
itic  <)il.  or  even  prc&surc  and  temperature,  in  udecting  tlie  coefficient. 

Thi»  19  very  clear  from  the  diasraou  (Pifr^-  joj  to  307)  xtiowing  the 
various  r»tilts.  ^Ir.  Tower  found  that  lubriotion  by  a  bath  (whether 
luirrly  touching  the  axle  or  almost  surrounding  it)  was  from  six  to  icn 
times  more  etiectlve  in  reducing  friction  tlian  lubrication  by  a  pod.  Of 
tltia  method  of  lubrication  Mr.  Tower  succeeded  in  reducing  the  co- 
elGcient  in  a  large  number  of  tests  to  as  low  a  point  a*  .ooi.  rquiralcni 
to  only  0.3  ib.  per  ton  of  tractive  resistance,  and  the  general  average  in 
the  bath  tests,  under  all  varieties  of  load  and  speed,  is  given  as  oaljr 
.00139  or  0.278  Ib.  per  ton.  :^^i^st  t.96  to  1.9s  lbs.  per  ton  with  aiphoa- 
lubricator.  or  pad  under  journal.  These  rcMilu  are  very  (ar  bdow  any 
heretofore  reported,  as  will  be  ::«cn  (mm  the  following  general  avenge 
of  results;  not  consid:ring  now  the  comparatively  miikor  variations  pro- 
ftuced  by  ordinary  workiur;  diffetcm:^**  in  temperature,  load.  «c 

The  norm.-i]  jottrnal' friction,  under  favorable  conditions,  iJeduced 
from  various  scries  of  tests,  may  be  »ummarixcd  as  follows  for  velocities 
greater  than  10  mites  per  hour,  or  90  ft.  per  minute,  journal  speed : 


Beauchamp  Tower,  balh  ol  oil. 


-aji  lbs.  per  tm. 


pad  or  sifihoa t-9  

Thur>ion.  Hghi  loadi a.n  "     "    " 

heavy  loads i.JS  "      "    " 

WellinsiMi  (gravity  testa  irf  care  in  aerriMV  licbt  lo«ds  ....  6.0  **     **    •• 

heavy  ■■    ....  3.9  ' 

"         direct  lesu  (as  abown  IB  fig.  a) J     *■*      ^^     ^^    )| 

Thurston,  inferior  oils  (Fr.  and  Lub.,  p.  173). i     *'        „     „     , 

Morin,  contlftuoiu  lubrication • 6.010  10.8      •••••• 

These  dtKrepancies,  especially  as  tbey  are  accompanied  by  auny 
minor  ones,  are  very  instructive,  as  showing  that  the  character  of  lobri- 
cation  is  the  great  cause  of  variation  of  cocflkiciit. 

Rtsiatuitt  of  Frtight  Traim  in  S/ariii^.—h  will  be  seen  in  Fig.  yij 
that  the  abnormally  h^h  oocffiiicRt  ol  friction  at  suiting  contintia 
dunng  tile  period  of  getting  up  speed,  and  thus  constitutes  on  extra  tax 
tipon  tractive  power  for  some  little  diMonce  after  getting  under  way. 
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Tlic  (ollowinjjtonduitiorwmii)'.  it  i«  believed,  be  dMnn  liilmdy  sum- 
muriztid  in  par,  635 1. 

i\ff'it  «/  Ttmprraiurt  on  CoejffKi'ent  of  Friftfwt. — So  far  as  can  be 
e«iiriutc<l.  the  rcsulu  agree  very  clotiely  with  Prof.  Thurstun's  formula 
that  ihc  cocflM^ient  increaM^  At  the  square  of  the  increase  nf  heat  over 
90'  in  roo'  F.  at  speeds  under  12  milcn  per  hour. 

F.ff/cl  fif  Load  per  Si/uare  Inch  0/  lieitring  on  CoeJfUitnl  0/  FricthH.— 
(Njmpniisun  o(  the  retultH  obtained  by  ihc  writer,  and  by  Meurs.  Thura- 
tun  ant)  Tower  and  others,  as  shown  in  Figs.  303  to  307,  develot>  this 
curious  fact :  tlmt  while  the  results  dillcr  qiilic  widely,  in  fact  by  several 
hundred  per  cent,  in  what  may  be  called  the  typical  or  average  co> 
etAcieni  of  friction,  they  atl  agree  quite  closely  in  finiling  that  the  cHect 
of  increased  load,  within  working  limits,  is  to  vcrj-  materially  diminish 
tlic  cocffirient.  Mr.  Tower,  in  (.ict.  goes  so  fur  us  to  slate,  asonc  of  the 
results  of  bis  tests,  that  it  almost  secmc<l  at  times  as  if  it  was  approxi- 
mately true  that  the  stbtolnte  loss  by  fri<:tion  was  entirely  independent  of 
load,  the  coelKcient  falUnK  almost  to  half  when  the  loud  was  doubled. 
But  it  seems  plain,  from  the  dia^tams  given  herewiili.  ibai  this  result  i» 
only  true  on  account  of  the  tmprecediintcdiy  low  cncRicicnts  which  he 
obtained  by  his  ver^' perfet-^  lubricitiion.  lnsf>ectionof  thcdiagrams  will 
sJmm  that  the  general  law  of  variation  from  increase  of  load  \»  not  mate- 
rially different  in  the  different  tests,  despite  the  wide  variations  m  the 
average  coelliGienis. 

I^tft  ff  Vtfecily  everTivtht  Milrs pty  Htnir—VX^.  303 10  307.  taken 
In  connection,  seem  to  show  the  following  : 

1.  The  velocity  of  lowest  journal'frlction  is  10  to  15  miles  per  hour, 

I.  With  Ijaih  or  other  very  perfect  lubrication  there  is  a  very  slight ' 
increai«  of  jotirnal-friction  accompanying  velocities  up  to  5$  miles  per 
hour  (Figs.  jo6and  307). 

3.  With  less  perfect  lubrication,  as  with  pad  or  siphon,  greater 
velocity  is  as  apt  10  decrease  as  to  increase  the  coeflicicnt  (Figs.  jckf.  305, 
and  3071.  The  latter  being  more  like  the  ordinary  lubrication  in  railroad 
ser\-ice.  wc  may  say.  without  sensible  error,  that  the  coeflicicnt  of  journal- 
friction  is  approximately  constant  for  vclocilie«  of  \\  to  ffi  miles  per 
hour. 

This  has  been  the  usumption  which  all  investigators  of  ranrood  fric- 
tion, to  date,  have  been  compelled  to  make,  and  it  is.  in  some  respccta.] 
fortunate  that  it  proves  not  far  from  true. 

HigUy  flolUr-'Joumal  Bearii^s. — The  direct  tests  of  this  apparatug 
confirmed  exactly  the  correctness  of  the  writer's  previously  stated  con- ' 
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elusions,  that  the  Higley  bearing  was  nearly  as  efficient  as  theory  would 
indicate  in  reducing  iniilal  friction,  but  loses  nearly  all  of  this  advantage 
under  speed, 

[The  paper  was  followed  by  a  long  discussion,  which  it  is  necessary 
to  omit,  bringing  out  many  further  points  ol  interest.] 
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THE   AMERICAN    LINE    FROM    VERA    CRUZ    TO    THE  CITY    OF 

MEXICO.  y/J  JALAPA,  WITH  NOTES  ON  THE  BEST  METHODS 
OK  SURMOUNTING  HIGH  ELEVATIONS  BY  RAIL, 

(RMdbjihvuihotMlhf  AnDiulCwwniiooor  (h«  Amarioui  SodAr  o*  Civil  Esfl- 
ttem,  July  J.  tmb.    Ste  Tniu.  Am.  Soc.  C  E.,  No*.  ()«&) 

The  line  described  in  this  paper,  and  illuetraud  in  the  accompanying 
maps  2nd  profiles,  is  one  located  by  the  writer,  as  consulting  and  lUtcr- 
ward  chief  engineer,  from  the  Port  of  Vera  Crus  to  the  city  of  Mexico, 
vj'a  the  dty  ol  Jalapa.  being  a  parvltel  line  to  the  exitting  Mexican  Rail* 
way— the  flrat  rail«'ay  built  in  Mexico — in  the  sens«  of  connecting  the 
L«ajne  termini,  although  following  a  very  diRcrcnt  route  and  of  a  vny 
rdiffcrent  character. 

All  the  features  of  interest  and  ol  difficulty,  both  in  the  line  here  de- 
scribed and  in  the  line  of  the  Mexican  Railway,  are  confined  lo  the 
mouniain  grade  by  which  the  necesxiiry  abrupt  atccnt  from  iltc  level  of 
tlic  sea  to  the  level  of  ihc  plateau,  8000  feet  above  the  sea,  is  accom- 
plished.    Once  on  the  pUtcau  there  ix  no  great  difficulty  in  going  almoM 
Lsnywhcrc  with  very  light  work;  many  high  mountain*  being  scattered 
■around,  even  on  the  plateau,  but  dntcomiected.  with  Hat  lands  txiwccn. 
The  elements  which  appear  to  niahc  tlic  mountain  gra<l«  of  this  Ime 
particularly  worthy  of  ijcscription  ate  these : 

firt/.  It  is  believed  to  be  by  far  the  longest  continuous  grade-line 
|«vcr  located:  116.9  kilomctreit  (ri.64  miles)  havine  been  located  on  an 
tunbroken  I  percent  grade  (105.6  feet  per  mile),  nning  in  that  diiitance 
nrocn  elevation  600  4  feet  (18}  mctr«)  to  elevation  79133  fcrt  above  ihc 
'•*a(24is  metres).  The  accompanying  plate  (Fig.  331)  shows  graphically 
the  extent  of  the  contrast  in  this  respect  with  some  of  the  other  great 
inclines  of  the  world. 

Stcimdfy.  It  18  believed  lo  be  00  the  lowest  rate  of  grade,  by  about 
s  per  cent  ever  successfully  attempted  for  accomplishing  within  a 
limned  disianoe.  either  by  a  continuous  grade-line  or  otiwrwise.  a  rise 
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of  over  one  half  ai  much  at  was  attained  on  ihitt  line.  Titc  fcraundt  tor 
this  liclicf  also  4ri:  shown  in  the  accompanying  pUite  {Fig.  33:). 

Thirdly.  The  line  is  bctieved  to  be.  by  prol»bty  one  half  at  leau. 
the  clieai>nt  line  per  mile  wliich  has  ever  been  aciualljr  located.  «iih 
equally  favorable  alinnmeot,  (or  attaining  within  a  limited  distance  u 
much  as  one  half  the  risu  actually  attained  by  this  line,  cither  by  con* 
tinuous  or  broken  grade-lines,  on  any  rale  of  gnde.  As  for  this.  TaMc 
190,  Figs.  309  and  310.  and  ilic  general  knowlcdgt- of  engineers  arc  tbt 
Only  evidence  that  can  convcnicnti)'  be  appealed  to.  or  which  it  is  wonb 
while  to  attempt  10  present. 

Finally.  It  appeared  that  the  manner  in  which  the  line  was  obtained 
might  have  a  certain  instruction  and  cncouragcmcRt  10  iliosc  who  may 
be  dismayed.  a&  wus  the  writer,  b)  having  similar  problems  of  unusual 
difBcully  suddenly  ihrust  upon  llicm,  and  it  was  also  desired  to  give,  in 
connection  with  ibc  description  of  the  line,  certain  conclusions  which 
the  observation  and  experience  of  the  writer  has  indicated— -not  only  on 
this  Incline,  but  on  ciglil  or  ten  othcra  of  considerable  rite,  which  have 
been  located  or  relucaled  in  pari  or  whole  under  his  supen'ision.  agtr^ 
gating  over  14.000  vertical  (eel— in  regard  to  the  most  advantageuuit  and 
economical  manner  of  dealing  with  great  inclines,  under  which  maybe 
claiaed  anything  exceeding  tjoo  to  1  %oo  feet  of  vertical  rise. 

It  in  one  of  the  unfcirtunate  featurcii  of  the  department  of  engineering 
to  which  this  paper  refers— thai  of  laying  out  railway  lines  10  the  ben 
economic  advantage — thai  a  mere  description  of  a  located  line  hai 
usually  little  technical  interest  or  instruction,  since  it  ts  ordinarily  tm< 
pusslbic  to  so  carefully  describe  any  line  on  paper  as  to  enable  even  an 
Intelligent  impression  to  be  formed  as  to  the  real  character  of  ifae  work. 
If  the  grades  and  work  be  light,  it  in.iy  be  because  the  line  was  well  bid 
out.  or  it  may  be  simply  becjiuse  there  were  no  serious  natural  obstacles 
in  the  way.  On  the  other  hand,  if  the  grades  and  work  be  hea%->-.  h  may 
be  due  to  lud  engineering,  and  so  discreditable :  or  It  may  be  due  to  the 
existence  of  gigantic  liiHicultir^.  and  so  an  evidence  of  skllL  It  is  but 
natural.  how<-ver.  that  the  m.ignitudc  of  the  natural  difficulties  10  be 
rivercumc  sliuult!  in  genrnil  h<;  regarded  as  bearing  some  nearly  constant 
mtio  tu  the  niUKnitude  of  the  works  consiructcd  to  overcome  them  :  and 
hence,  that,  even  when  the  con.il ruction  of  a  very  costly  line  ntay  bavo 
been,  as  a  matter  of  fact,  an  avoidable  exlmvagiincc.  due  to  lack  of  slciU 
or  foresight,  the  very  maf;iiitude  of  the  works  givcM  more  instead  of  lets 
reputation  to  the  line  as  an  engineering  work. 

Only  in  the  comparatively  rare  cues  when  two  independent  alternate 
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lines  cxitt  between  the  same  termini.  Is  It  possible  (or  ihe  engineer  to 
find  in  printed  descriptions  of  localcd  lines,  however  perfectly  mxpped, 
any  mtional  tmtis  for  intdtigcnt  judgment.  The  present  happens  to  be 
one  o\  the  ciLies  in  u-hich  thi«  w  possible,  owing  \o  the  existence  of  the 
parallel  line  before  meniioncl.  hui  in  order  to  avail  of  it.  it  becomes 
necesjury  to  enter  «>mcwh;ii  into  what  would  otherwise  be  aii  invidious 
—because  unnecesiary— comparison  with  the  parallel  and  previously 
constructed  line.  The  writer  (eels  the  lens  embarmMCd  in  doinf;  this, 
as.  owinic  to  the  checkered  history  of  the  line,  no  one  engineer  can  be 
held  responsible  (or  its  character,  and  there  were  certain  circumstances 
tending  to  impede  entire  freedom  of  choice  and  proper  investigation. 

The  whole  interior  ol  Mexico  is  a  vast  plateau,  at  an  elevation  of  Jooo 
to  9000  feet  above  the  sea.  bounded  by  an  abrupt  escarpment  from  which 
the  descent  to  sea-level  is  almost  immediate.  The  edge  ol  the  plateau  is 
biglicr  and  sharper  on  the  Atlantic  than  on  tlie  Pacllic  Coast,  and  at  no 
point  on  cither  tlie  Atlantic  or  Gulf  Const  is  It  higher  of  sharper  tlian 
directly  in  line  between  the  capital  of  the  country.  Mexico,  and  its  chief 
port.  Vcr*  Crui.  Here  two  stupendous  natural  obsucles.  the  Pico  o( 
Orizaba  on  the  south  (I7.!i73  feel  bigli),  and  the  Cofre,  or"Bos."  of 
Perote  (12,500  feet  highi,  botb  of  them  descril>ed  in  physical  geiqiraphies 
as  volcanoes,  although  both  are  temporarily  extinct,  and  the  two  con- 
nected by  a  ridge  ovt'r  loooo  (cct  high  at  Its  lowest  saddle— combine  to 
lorbid  4  direct  line  inward. 

Orisiba  is  one  of  the  three  mountains  in  Mexico  covered  with  per- 
petual snow,  the  other  two  being  Popocatepetl  (17.8S4  feet),  and  Ixlac- 
cihuatl  OS'T^S  '*^'^'-  overlooking  the  valley  of  Mexico.  These,  however 
start  from  a  plain  8000  feet  high,  whereas  Orizaba  starts  practically  Irom 
sea-lcvel  on  the  coast  side,  making  it  m  that  sense  by  much  the  higliest 
mountain  on  the  North  American  Continent.*  and  among  the  highest  in 
the  wofld.  Its  snow-clad  peak  is  visible  60  miles  out  at  sea.  long  before 
there  is  any  other  evidence  of  Und.  and  with  ihc  morning  sun  shining  on 
It  («  a  very  striking  sight.  lt«  Ust  violent  eruption  was  in  rs-0,  »r>on 
after  the  Spanish  conqncst.  although  it  now  occasionally  throws  oui 
smoke.  Only  one  or  two  men  have  ever  a)>cen<1ed  to  its  crater,  the  first 
one  having  been  Lieutenant  Kevnolrls,  U.S.A..  in  rfi48.  The  line  of  rhe 
leiKSn  Railway  passes  to  Ihe  south  of  this  mountain,  as  shown  in  Fig. 


*  M«flnl  St.  Eiits.  in  Alaska.  In  a  possible  exception,  bdog  only  about  30 
miles  inUnc),  anil  ill  hc'itbi  variuutty  Kivea  ss  14.97OV  tfr.goo^  l7>Sj0b  "over 
iB.ODo'  (U.  S.  Census  Repoti).  and  t9.5oo. 
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The  Cofre.  or  "  Box,"  ol  Perote  (so  named  (rom  a  cylindrical  Imb 
Rccdlc  about  300  feet  in  diameter  and  yx>  feet  high  which  cape 
mountain.  like  x  box  laid  on  its  peak),  allhoufch  fonnerly  one  of  ihetno 
active  votcanoea  in  the  wartd.  and  classed  as  still  active,  is  perhap* 
Rianeiilly  extmct.  its  last,  and  probably  also  iu  gicatcat.  eruption  hi 
been  to  form  what  looks  to  be,  and  is  in  fact,  a  froicn  river  of  lava,  St 
In  Fig.  309,  extending  to  and  running  into  the  sea  jo  miles  distant,  filUi 
up  an  enormous  borranca  or  deep  gulch  in  the  process,  in  a  Riam 
which  was  very  convenient  for  subsequently  carrying  the  line  over  tt.  | 
may  be  seen  iri  Fij;.  309.  The  natural  variations  in  the  width  of  ib 
^ulch  liave  caused  lakes  and  (roxeii  "  water-falis  '  of  lava,  which  mali 
it  difficult  to  believe,  as  one  looks  up  the  slope  upon  it  from  Mimr  < 
mundrng  point,  that  the  man  Is  not  still  flowing,  making  it  a  unique  : 
Impressive  bit  of  natural  scenery.  Vessels  luve  been  frequently  wr 
In  the  toe  ot  this  flow  where  it  enters  the  sea.  It  has  still  hardly  in]! 
deposit  of  sand.  soil,  or  vegetation  on  It.  that  and  other  facts  cvidcmr^n^ 
that  the  How  is  geologically  very  ncent,  not  aDtedating  much  ttu 
historic  era. 

Around  the  north  side  of  this  mountain,  and  direaly  over  this  la 
Bow.  the  line  liere  described  passes,  as  shown  in  F^  308  and  309,  beid 
fibout  sixty  miles  north  of  the  Mexican  Railway  line  at  its  greatest  dive 
gencc.  the  two  beginning  to  come  together  again  very  soon  iliereaft 
'  Tht  summit  of  Peroic  is  juit  below  the  limit  of  vegetation  and 
pcrprtiial  mow.  and  it  is  very  easily  asccn<li;d  on  horseback  to  the  foot 
of  the  "cofrc"  or  box,  that  fact  alone  being  an  evidence  fi  the  engineer 
of  how  diRerent  the  topography  of  its  slopes  must  be  from  those  of  tta 
southerly  companion.  Evidences  abound  of  tremendous  flows  ot  lav^  in 
remote  geologic  times,  which  are  now  covered  to  a  considerable  depth 
with  soil,  and  in  tlic  kind  of  pocket  formed  between  the  foot-bills  of 
two  great  mountains,  in  which  lie  Jalapa  and  Coatepcc.  the  detritus 
Rkfcs  has  accumulated,  including  probably  great  amounts  of  volcanic  1 
80  that  no  fock  exists  over  large  areas,  as  was  afterwards  discovered.  1 
cept  in  isolated  points. 

Conn  followed  this  route  on  his  first  invasion,  as  did  General  S< 
118  years  later;  hut  from  ;m  early  date  after  the  conqueA  of  Cortex  two 
Icndine  routes  h.ivc  exited  bctwrt^n  the  interior  and  Vera  Crux,  follow- 
ing suhntuntially  thr  two  railwuy  lincx  here  described,  one  through  Jalapa, 
foun<liiig  I'croie  to  the  nortlj.  and  the  other  fia  Oriiiaba.  rounding  the 
mountain  ol  that  name  to  the  south.  The  northerly  line  was  finit  coa> 
•tructed.  and  over  it.  (or  joo  years  (between  ipi  and  1813-30)  passed 
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vut  sums  o(  KJIvcr  and  gold,  praciically  the  entire  product  of  ihc  Mexican 
miiws.  umounling  in  the  ii)^t>re(;aie  to  $3.ooo.ooox»o,  or  nearly  half  of 
tlic  vutue  of  silver  in  the  whole  world,  wliicli  m  1876  wiLt  citimated  al 
97.131^1.674.  exclusive  of  wh«  caisied  before  1520,  whii:li  i*.iii  rela- 
tively liitte.  During  all  this  time  the  southerly  route  waa  un  iniiiKnifi* 
cam  trail,  but  early  in  this  century  the  wuthcrly  route  look  prominence, 
and  the  JaUpa  cii»''hc /-(u/,  or  ■■  King'*  htgliway"  (aa  tbc  leading  fuadi 
arc  nill  called  in  rcpuhllciin  Mexico),  wiui  suRered  to  fall  into  decay.  It 
had  originally  l>ren  {xiieil.  guttered,  and  curbed  for  the  entire  diiiiance 
from  JaUpa  to  Vcca  Crux,  iDnie  73  roilct,  and  Irom  JaUpa  up  the  aioun> 
lain  a  line  cnacadaniixed  road,  lil(,cwi.ie  curbed  and  guttered,  existed,  and 
Still  cxiai«  in  line  order,  hiiving  Ijcen  recently  repaired." 

Within  fifteen  or  twenty  years  utter  the  aluTidoninent  of  the  north* 
«rlj'  highfrHy,  as  early  at  1837,  the  inovcmcnl  for  a  railway  between  Vera 
CriiK  and  Mexico  was  bcflun  by  Don  Franciitco  Arnlla;;a.  and  very  nat- 
urall)',  but  very  unfortunately,  the  route  which  had  by  that  time  become 
tiie  only  one  generally  known,  ajtsumcd  a  prominence  which  it  held  to 
ihc  end.  The  tfcry  (acu  which  made  it  bc«t  *iiited  (or  a  highway,  that  a 
very  comfortable  valley  ran  directly  up  into  the  bonds  of  the  mountains, 
from  which  the  atceni  was  abnipt  and  sharp  to  the  plains  above,  made  it 
unsiiiicd  for  a  railway  line,  but  this  cuuld  hardly  be  appreciated  at  that 
early  day. 

By  1854  the  construction  of  a  tramway  from  Vera  Crux  nad  been  be- 
^iin,  Uim  Antunio  Kscandon.  a  wealthy  Mexican  banker,  whowas chiefly 
instrumental  in  pushing  the  project  throuiffa  to  completion,  having  then 
taken  hokl  of  the  enterprise.  Don  Antonio  Itad  a  large  estate  near  Ori- 
xaha.  anil  bis  property  :ntere3t4  may  well  have  somewhat  influenced  the 
final  ilecison.  However  this  may  be,  in  1S57.  Colonel  Andrew  H.  Tal- 
cott,  an  Ami^rican  engineer,  arrived  with  a  staff  of  asuiiitants,  the  only 
member  of  which  now  living,  the  writer  believes,  is  Mr.  S.  Wimmer.  M. 
Am.  Soc.  C.  E..  then  a  very  young  <nan.  after  uhom  one  of  the  leading 
bridfjes  of  the  line  was  subsequently  named.  According  to  one  ol  the 
published  histories  of  die  road,  all  these  engineers  confined  their  labors 
to  the  Oriiaba  line,  that  via  Jatapn  being  intrusted  to  a  Mexican  cngi- 


*  On  the  lower  pail  odhi*  Mjthway  a  splendid  slono  biidge.  the  PueuU 
RmI,  or  as  now  dnciibcd.  ihe  Putnlt  National,  which  has  been  not  unre^on- 
Hbly  claimed  to  be  "  worthy  of  the  best  days  of  Rome."  still  exists  in  pei(c«i 
order,  and  *a  showing  ihe  fine  <|ti>lity  ol  the  Mexican  lime,  ihe  Jiiials  are  con. 
•iilerably  harder  than  the  ttooc  itself  (whtch  ia  durable  but  rather  soft),  and  ara 
worn  less. 
39 
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ncer.  Don  Pascua]  Aloiaxuo.  According  to  oilu:r  accounts, «  cocBiai»- 
sion  of  engineers  cxamintil  both  lines.  II  the  (inil  wjw  ibc  cnw,  ii  is  tcu 
iiirpriKinii  ihHi"on  cumfMring  ilic  separate  sun-c)v"  a*  liip  lit»ii-ry  ot 
tlie  Toad  stAtcs.  ttut  l>y  Oriiaba  was  finally  adt^cit,  on  the  |;nHiniJs, ' 
iJiat  there  was  more  ttaffic  lo  be  secured  oil  it  (<rhich  i«  nuhcr  mon^ 
lh>n  duubtful.  .nlthough  the  locjl  tiafhc  »  beat  U  aii  iasignilicaai  elr- 
ment),  and  »ucuiidly.  that  "  nut  wit  list  and  tag  it  requires  greal  and  costlf  ■ 
woiIm.  tliu  line  pnscnt*  jircatcr  la^rilitlvs  tlun  ih^t  by  Jalapa.  wJUrt . 
/iirX^r  HuiNitr  iif  riirtnri  tuti/  lAe  horder  naturr  a/  tkt  wil  ttrould  i«tv  rf 
guircii  muck  btatner  outlay T  A  uroiCcf  oiistalcc  iban  iscooiained  1b  the 
italicized  part  ol  iVic  quutaiion  tould  not  well  be. 

Co|i>iicl  Talcott's  ctiim:ite  uf  the  line  vna  S15.ooo.ooo,  but  notlilBC 
mofc  was  done  than  to  build  about  ten  miles  ol  Hifia«;e  Ime  out  ot  Yen 
Crue.  until  August.  1S64.  wlicn  the  miliia/y  necessities  of  the  Empctor^ 
Maximilian  led  to  a  ichI  beginning  and  prompt  pushing  of  the  watlcl 
uiidur  Eiijjiisti  engineers,  and  by  an  English  company,  whicli  still  cotfl 
truls  it.     Beyond  a  statement  that  the  resumption  was  "alter  lectifyiay] 
the  pUAs  of  Colonel  Tatcoii,"  the  official  history  contains  no  recoti)  of 
the  second  exam ■  11  Ht ion  of  the  wllole  question  o(  route,  which  was  in 
fact  made.  alttiouKli  hon-  thoroughly  the  writer  cannot  state. 

Ily  186;  tite  line  was  opened  from  Vera  Cruc  to  Puo  del  Macho.  47^ 
miles,  and  from  Mexico  to  Apixacoi  86|  milcv,  ilie  rsils  tor  the  tatter 
being  hauled  by  wagons  an  average  of  100  miles  inland,  at  enamiaat' j 
cost — a  hard  condition  imposed  by  the  Mexican  Goventment.  A  third 
change  of  engineers  took  place  about  thii  time,  while  tl)e  lieavier  parts 
of  the  work  were  still  nnexocuied.  In  t868,  the  Pucbla  branch.  39  miles, 
was  opened,  the  raiU  (or  it  having  been  hautcd  in  the  same  manner.  In 
1870  the  line  was  opened  to  .Atnyac,  54  miles  from  Vera  Cni«,  in  1871  to 
Fotiin  :  \n  1873  to  Orizaba,  and  on  the  Ust  day  of  that  year  tlic  entire 
line  wax  opened  with  great  ceremony, 

Shiirtly  thereafter,  in  i$74.  Don  Ramon  Zaii|[ronez.  of  Vera  Crux. 
succeeded  in  icetting  a  branch  line  to  Jalapa  well  under  way.  and  in 
having  it  assumed  by  the  Mexican  Railway,  which  completed  it,  ax  shown 
in  Fi^-.  }08.  m  May.  l87(.  It  is  operated  solely  by  animal  power,  being 
probably  by  far  the  longest  horse  railway  in  the  world.  Its  grades  are 
very  sc%"eTc  (to  per  cent),  and  its  curves  ol  ordinary  hon»«mr  radii. 
It  is  laid  for  a  great  part  of  its  length  along  the  old  damiitr  real, 
and  exhibits  the  same  irait  as  the  main  line  of  the  Mexican  Railway  to 
the  foot  of  the  mountains— thai  is.  it  rtms  obliquely  across  the  drainage 
linen,  thus  materially  increasing  the  diflkultics  of  both  lines.  Iiai  BulUaf 
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the  JaUpii  line  ;>t)sutuiely  itnpracticnbic  (or  ah  urdinury  miln^y.  even 
with  KiKantic  work.  It  w;is  probably  some  such  erroneous  ico.itmrni  ol 
the  lower  {Kirt  ol  the  de»ccnl  whicli  led  to  ihc  condemnation  ol  Ihc  rome, 
M  it  scorns  impossible  that  an  ascent  (ruin  Jalapii  on  a  4  per  erni  gmdc 
could  have  \xxn  deemed  as  serious  sa  that  (roiu  OrliiaLui  on  tlie  adofMd 
line. 

The  main  line  thus  constructed  iB  Biill  one  ol  the  most  massive  and 
cuKt))-  in  the  world.  Its  cost  was  abtiormally  increased  by  two  cauxes: 
Firii.  the  political  coriditlon  o(  the  country,  which  was  so  much  distuibeil 
that  it  no  doubt  added  much  to  the  cost ;  and  Kcondl).  the  alnurd  r^ 
quircment  that  construct ioi>.  Including  track- laying,  siiould  bcKin  from 
botl>  ends  at  nnoe,  necessitating  the  enormous  expen«c  referred  to  (or 
hauling  rail*  over  cxerrabk  roads  from  Vera  Crui  to  Mexico  and  PueWa. 
In  all  some  is,ooo  tonit  of  r»iU  were  iliiis  hauled,  at  a  cost.  Ilie  writer 
believes,  of  wimo  $80  per  ton,  iimounimj;  to  some  >i.3O0.00o  in  all.  On 
the  other  hand,  there  was  litilc  direct  inflation  of  ihc  capital  account, 
mo6t  o[  the  sluirc  oipilul  repreteniinft  actual  money  paid  in.  The  gross 
nominal  cost  of  the  line  was,  as  nearly  as  may  be,  $40,000,000  Reducing 
this  by  one  lialf,  we  shall  make  an  ample  allowance  for  the  ctlect  ol  all 
abaormal  causes  tendinj^  to  increatr  cost  of  line,  and  lor  the  cnst  of  the 
Jalapa  horse  railway  and  ihc  small  nmonnt  of  rolling-stoci:  (6;  engines, 
810  cars),  leaving  iio.ooo.ooo  to  represent  the  actual  co*t  of  ifn  milea 
of  main  line  and  19  mil<»  of  branch.  Ol  this  the  section  between  Paso 
del  Mac'io  and  Boca  del  Monte  alone,  some  60  miles,  i»  in  any  Mnse 
dilficult  or  costly  work.  The  remaining  133  miles  is  light  work,  with  i( 
per  cent  grades,  which  latter  arc  quite  unncceMarily  high. 

On  this  basis  we  may  distribute  the  actual  cost  (taken  at  half  the 
nominal)  about  as  follow*  : 

»)  milts  light  work,  ai  $40,000  per  rolle |S.q30,ooo 

60  miles  very  ht^vy  work,  ai  9184,^7  per  nllc II.oAo^ooo 

383  mitci  in  all,  11(70,670  per  mile (10,000.000 

Both  the  grades  and  curves  on  this  line  are  very  severe.  Only  10  miles 
otit  of  Vera  Crux  l.$  per  cent  grades  begin,  which  shorlly  thereafter 
are  increased  to  3  per  cent.  3.5,  3,  and  at  last  to  4  per  cent,  which  latter 
is  entirely  unbroken  for  the  last  13  miles  of  rise,  and  used  also  at  several 
other  points  on  the  ascent.  Curves  as  sharp  as  315  to  3$o  feet  radius 
{\(i  dqjreca  30  minutes  and  17  degrees  40  mmiiies)  arc  used,  and  six  or 
eight  revcrsied  cur\-cs  of  these  radii  often  succeeding  each  other  without 
ftiiy  tangent  between  tiicm,  and  without  any  grade  compensation,  making 
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the  viTUiat  gradient  iuUy  6  per  cent.  Fairiie  engines  arc  used  to  opente 
ihia  grade  bctwocn  ihcMinintt  «l  Boca  del  Monte  (107  milw  (tom  Vera 
Cniz)  and  Cordov.t.  Tlic  rrtnaming  1  ^7  tnil^s  to  tti«  city  ol  Mexico,  u 
well  as  the  lowcf  and  raaicr  pjri  of  tlie  mountain  grade  (which,  bowem, 
\\M  3\  to  3  per  cent  gradu,  increased  by  unreduced  cut\-ature).  U 
oficr.itcd  {))'  American  ciigincx.  Very  tiacurally  buiti  the  lret|[bi  rates 
and  the  expenses  are  labuktusly  liigit,  receipt*  ranging  (ron  lo  to  |] 
cenLi  per  ton>mile  and  as  btf[b  as  $8  per  lnin>mile.  expenic^  beii^  frani' 
JO  to  60  |>vr  cunt  of  receipts.  Tu  show  how  radically  the  ro«t  amI'I 
revenue  from  tbe  operation  uf  this  line  dillei»  Irum  anythiiiK  "iih  wbkl) 
we  art  familiaf.  ii  wxa  calculated  in  18S}  that  with  tlie  Mexican  ratct  ibc  \ 
New  Vork  Central  would  earn  I37.IJ  and  the  Erie  818.5a  per  frcif;ht 
train-mile,  and  their  total  freight  earninga  would  haiK:  been  in  one  yrar 
$i97.035.o»o  and  $144,300,000  respectively— $168,000^000  mure  than  tbe 
Crntnl's  who'c  capital  account,  ami  $93,000,000  more  than  the  Ene  «. 

Then:  arc  fourteen  tunnels  in  all  on  the  line,  none  of  tlicm.  Ixiwcvcr, 
^-cry  long,  and  about  as  many  viaducts.  The  grading  Is.  for  inile^i  to- 
gether, almost  wh<4Iy  rock,  and  the  work,  as  «  whole,  ran  only  be  de- 
scribed iisTimnic,  so  that  it  is  small  matter  of  surprise  that  almou  every 
one  who  wiites  about  the  line  drscritMrs  it  in  much  U>c  same  terns  m 
doc^  Mr.  George  Willbm  Cunis  in  a  late  number  of  t{^rf<r'j  At^ff*tiV 
(FebrMary.  i81i6).  who  chances  to  be  the  last  writer  whoae  nnmika  In 
respect  to  it  have  come  to  the  vrlter's  knowledge. 

"If  it  is  magnificeni  scenery  that  yoa  seek,  bcre  at  hand,  witk  no  faMr. 
vtnuic  oceiR.  t*  the  railway  from  Vera  Crui,  360  miles,  in  the  city  of  Meiioa 
—a  marvellous  leu  of  sticnllfie skill,  cr<minc  the  oiountunsat  a  height  ot  Sino 
fL.  and  bearias  you  tbroui^  every  climate,  amid  unimaginable  limtiiUora  and 
blilltaiicy  of  regct.illi>n.  chanf^ng  into  lempcriite  buvs  o<  hanlier  ifiowtia,  wilii 
anfial  mountain  abysses  between  and  snow-clad  peakt  beyooij  against  the  docp 
blue  sky." 

The  line  located  by  the  writer  rises  to  almost  precisdy  the  aanac 
hciiiht  of  summit  as  the  Mexican  Railway,  and  i«  as  ne;iily  as  may  be  iif 
the  same  ienKil>.bui  in  almost  n'ery  other  detail  stands  in  broad  coo* 
tnisi  with  it.  thus: 

Gkadl — Coniinaous  t  per  cent  (uncompensaied)  against  ■  bmbm  4  pemfltl 
(oncooipeasated) :  Including  the  effect  of  curratar*  of  ol  compenBUioM  th«i»-] 
lor.  t.b  per  cent  against  6  per  cent. 

Ci;aVKS.— Carvra  of  aSq  It.  radius  (iq*  *0)  coanccted  by  mintsnan  1 
(if  40R)eires(t3l  ft.),  against  16*  jo'  to  I7*4a'oDrva  (335  to  j$ofL  t&lina). 
netted  by  no  langenii  at  all  fur  many  successive  revcnions.     Tbe  wiUct 
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Faideri  (hal  the  4iAcu!ir  and  expenxe  n|  mainuinini;  ihese  two  limits  is  aboul 
k<|uh1.  but  ilial  ihc  t»((cr  i«  iWrideiily  the  most  objeciianublir 
I  Anoi'Ni'  Of  CUKVArfHK.— On  Mexican  Rjillwny  143  cm»P9  on  (he  !■«( 
■90.  M  kilometres  ol  Ihc  MCent.  at[jkin«[  Ss  nirve*  i>n  the  ujiper  19  kilomeiret  o( 
llhe  Jalapa  line,  abown  an  Fi({».  }o<j  and  }io,  Tbe  lower  poriloiii of  the  line  will 
Ibe  leeo  In  Fig.  309  lo  have  much  tnotc  lavorable  allKnmcnl, 
I  Thtt  number  of  curve*  Indkaien,  what  h  Ihe  (act.  ihal  (here  U  hardly  any 
Elkogeot  on  ibe  upper  poniun  ul  the  Meaican  Railwajr  grade,  whereas  on  the 
tapper  (bird  of  the  line,  shown  on  Fig*.  J09  and  310,  41^  per  cent  of  the  line  U 
llkn«en[  (thcavetjige  tangent  being  ^3  mcirci  or  jau  ft.),  and  on  the  whole  {4 
IkilORietrci  which  have  liccn  ctiKtuTed  4?  per  <cn[  of  Jhc  line  ii  intigrnl.  The 
ptOBiparalive  degree*  of  cutviiure  <anno(  be  given. 

L  DisTANt'K. — The  dUiancc  lictweeii  Vera  Crui  and  San  Marcat,  wb«(«  the 
Uiro  line*  u  actually  surveyed  connect,  xvu  jusC  ii>ldlome(fe«<ill  (nile*)tonKer 
■rrd  the  Jalapa  line.  \ii-,  36z  a||a>nM  341  kllometm.  Had  llie  pnrpoie  in  view 
ibvan  ilie  same,  however,  merely  lo  gel  tn  Mexico,  this  diflerence  might  have 
htcen  mote  than  etimiaaied,  as  will  be  clear  from  the  dotted  line  above  San 
niMCM  on  Pig.  308. 

I  CALae. — The  Jnlapa  line  wn*  intended  to  l>e  laid  to  3.(1.  caufge.  coricspond- 
llog  10  the  gauge  of  the  Mexican  S'ational  Railway,  whereas  the  Mexican  Rall- 
l«ray  was  4-fi.  fi{-ia.  gauge.  No  diderence  was  made  in  the  locatioo.  however,  on 
[account  of  the  gituKe.  the  mml-bedt  having  been  taken  h*  t4  and  i3  ((,.  slopes 
I  I  to  I  in  cuts  and  I)  to  I  In  tilh.  and  rail*  rMimaicd  at  fC  lbs.  The  ties  were 
IcMlraaied  at  (t  each,  only  7  ft.  long,  which  wu  the  only  iicm  etilmaied  in  any 
Ivray  lower  berauae  ol  the  gauge. 

I  Co»T. — In  Table  Nix  1  <'imilted)  Is  ifiven  an  abstract  of  Ibe  targe  cstinwte 
bUnk  prepared  from  the  careful  ;>apcr  location  o(  the  entire  mouDUin  grade. 
■Tabie  No.  1  is  an  abstract  closing  a  tepotl  by  the  topographer,  giving  in  detail 
llhe  material  on  the  line,  from  which.  In  connection  nilh  Ftg.  31a,  it*  very  favoe- 
Ulilc  chunutcr  will  be  »rrn.  From  these  and  the  map*  and  proHlef  »ubmiltcd. 
ivhkh  even  in  the  tedticed  engravings  show  the  estimated  quantliiei  at  each 
Vpnini.  any  engineer  can  Inrm  hia  own  judgment  a*  10  whether  tbr  estimate  in 
■  Tabfr  No.  I  <i«iiitled  to  save  space)  is  idetuale.  The  writer's  belief  was,  and 
Mtill  Is,  that  11  is  entirely  adequate,  and  if  so  the  cost  of  the  entire  ini>unta<n 
UTmlr.  wiih  30  per  cent  added  for  engineering  and  contingencies,  amounts  10 
|k«a  than  Sto.'juo  per  mile,  aEainii  $iB4,6;i  per  mile  for  the  actual  cost  of  the 
'■lountain.Kriiiie  of  the  Mexican  Railway,  or  in  the  ratio  at  I  |o  4}.  A  ratio  ai 
3  to  I  is  lielioved  lo  be  the  very  lowest  which  could  t>e  claimed  lo  correctly 
represent  the  relative  work.  Unfonnnaiely  the  writer  was  never  able  lo  obtain 
[exact  figures  of  the  (]Uaniliics  on  the  Mexican  Railway.  Tberefore  he  it  re- 
LhKuni  to  cbifli  more  than  is  cenalnly  juit.* 
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Make  what  allowances  one  will.  Umtc  is  a  great  coairan  in  ibcae  two 
lino,  and  It  Iherefora  becomes  tA  inicrest  to  <roD«tder  iww  tbU  Utter  Uuc 
WW  obtaincri. 

In  Marrh.  iRSi.  the  wtilnr  w^n  rngjigcfl  liythc  Mcxiran  Nattnnal  Rail- 
way Compnny  to  net  us  engineer  in  chai^oi  lociition  anilxuTveyn  oflihe 
vaiiuus  line*  for  winch  thcjr  lind  concessions,  extending  (roni  the  city  at 
Mexico  to  the  United  Stales  and  lo  the  Pacific  coast.  On  landing  n 
Vcia  Cruf.  with  a  Ui^  sufT.  under  ofdere  to  report  in  Klcxico.  be  <m 
surprised  m  the  receipt  ol  a  letter  of  in»iruction  to  the  effen  that  a  rorpt , 
were  cngii^tl  in  cxumining  a  line  from  Vera  Crux  to  Mexico  t-m  Jnlnpib  ' 
and  thai  he  :«houlil  dciiich  anotlicr  corpt  for  »ervtcc  on  thit  line,  ^endinit 
forward  the  remuinin([  particit  by  rail :  that  be  xhuuld  then  miikc  a  rv 
conniiiiwtnce  "  KuIHcJent  to  delurmine  the  itencral  pnttsibiliiies  ot  ibc 
route,  takinji  »ucb  eicort  as  might  seem  necenacy :"  set  the  new  and  oM 
panics  ill  work ;  and  not  delay  Halt  o(  repon  in  Mexico  "  mofe  than  aia 
days." 


Fig.  309  is  t(ir»n  a.  rcclDciion  to  one-fitih  •nie,  or  ni«i  (>t  inclM*  pec  nilR. 
wiihin  I  pet  ccni).  of  ihe  \aigt  topotiriphi^iil  map  on  a  M^ie  at  ,tlt»  "'  ■>>' 
upper  J4  of  ihc  117  liilomcirei  of  (be  aiouoialn  gnde.  ThU  in  luni  m*r  tr- 
iluccil  from  (hi:  oiitiiul  fii-)d- sheets  on  the  Uigt  tcale  o(  ,,V«  W  "Ji  liiri  peri 
iTich.  u'iiich  (be  djflicult  chsraclci  oJ  the  work  mwlc  ncceuaiy.  The  iiipufv' 
nphy  vai  i-ery  accotaicly  taken  by  a  skilled  topogtapbcr.  Mr.  Uu  Chapoia*, 
M,  Am.  liui,  M.  E. 

In  Fife  JIO  i*  )[iven  a  pholoKr*|>tii<  trdnclion  of  tbc  ohGina]  profile,  alikk 
va*  called  oA.  lUiion  by  suiioo.  in  ihe  uttial  way  (ram  ■  paper  locailoa  oa  tke 
original  ileldnheeti,  and  esilfflAicd.  (lailon  by  Ration,  from  ulile*.  wiili  allaw- 
aiiee  (or  «arfa<c  *!opc.  whicli  ofien  store  tbaa  dautilcd  the  tcvei-seciHin  qiiaaik 
lie*.  The  csiimaled  ijuiioiiiir*  (or  cacb  ml  aiMl  fiii  are  giren  on  ibe  pmftle  1 
nature  o(  nuieiiil  indicated.  Rtlaining-walli  were  trui mated  forat  cvct^  p<iif 
wbrre  a  (ill  would  nni  rairh,  and  are  indicated  by  a  ihkk  line  on  Ihe  pro61et1 
Tbc  «mal]  ainoiiiit  vS  raatonry  is  di*e  to  ll>c  almoM  eoiirc  abimre  ttt  surtiMW 
drainage  and  mnning  uiatrr.  as  rlsewber?  noCcil. 

Tbe  line,  piofile.  and  esiimaip  hcic  sboirn  were  noi  dnallilrt,  t-ut  prrpar 
for  a  tprrisi  (luTpcific.     Compeniailon  (or  carraiurc  had  not  yri  bero  introdor 
It  was  fully  expected  10  do  siill  belter  M  poinu.  and  in  fact  the  ■•XMion  atinwn 
■raa  ftieiity  improved  in  tbe  upper  teeiion  {qj  by  ■  new  line.  lun  )u*t  belara  tbc 
•aspeaslon  ol  work  which  threw  the  line  bock  (lom  tbc  ragced  ctiS  woik  near 
the  cuniEnit.     Ai  niapa  and  profile*  nt  thU  iiBprnvemetit  cannet  b«  glren.  a*j 
claim  ia  respect  IV  It  I*  made,  bill  only  (or  what  had  been  aciaally  secured  . 
raeorded  in  black  and  wblle. 
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To  one  laitdin^  in  Mexico  entirely  ignorant  of  the  ]iinj;uiige  and  the 
country:  provided  witli  iiu  niup  or  profile  lA  the  exi.siing  line,  nnd  know- 
inn:  nothiOK  muri;  of  iU  charuciL-r  than  ttie  general  l:ici  that  it  w^s  one  o( 
\\\v.  hcuvidl  and  moil  cu»tly  railuavs  in  the  world:  uiuivute  thai  iia 
cnjcinecn  had  wen  given  u  thought  to  ,i  route  via  Jalapn.  or  ev«n  that 
there  wassuch  a  place,  uiil'l  he  linally  learned  that  the  route  had  been 
«jcaniii)<;d  only  to  be  uliaiid'med.  and  that  the  br<>nch  which  had  bccu 
built  to  JaUpa.  at  the  luotof  the  mountain  proper,  hdd  lo  percent  grades, 
aiid  wa«  practicablt.-  only  by  UorMV|)Ower;  unucciwonied  to  a  tropical 
climate  and  to  the  saddle  :  provided  with  no  map  of  t)ie  rci;iun  better  or 
much  larger  than  Fig.  308  which  accompanies  this  guipcr:  and  innocent 
o(  n1!  knowledge  »i  to  how  large  an  escort  would  insure  safety,  if  indeed 
saif  could — these  were  sufficiently  lormidablc  Insiructiona,  aiid  could 
ncwr  have  been  succeufully  carried  out,  as  fortunately  they  uerc  to  the 
letter  (barring  two  days'  delay  from  an  un»ca*onable  ruin),  hud  recon- 
noitring »ucli  lines  been  in  fitct  so  entirely  lawlcM  a  matter  that  there 
was  nothing  fur  ii  hut  to  look  over  the  whole  country  and  then  decide 
wbat  to  do.  or  <it  k^st  to  Ity  for. 

Thf  li»e  which  wa*  found  to  be  un<lcr  examination  is  indiciiied  by 

<loticd  lines  on  the  general  map  herewith,  and  was  at  once  rejected  asiin- 

practicableHndabsuii).    It  ran  (mmthecoa3lnorth-easterlyiojalapa,4500 

l\.;  then  descended  southerly. 8^  ft.  in  about  10 miles,  to  an  eleraiionof 

I  about  3650  (t.  At  Coaiepcc  :  then  was  e:ipecte<l  tu  jucend  somehow,  some 

]  7000  it.  to  the  "  pa.is"  between  the  volcanoes  of  Orixahu  and  Pen>ie,  ni  an 

|4inknuwn  elevation.  ei.tim^te<t  at  I0.700  (t.  in  an  air-line  dinianrc  of  some 

I S  miles :  and  then  lo  descend  some  3000  or  3000  ft.  on  the  back  slope  of 

the  mountain,  to  the  general  level  of  the  plateau.    Very  naturally  the 

^  Jiest  gndes  which  it  was  even  hoped  to  obtain  avre  tliooe  of  the  Mexican 

Railway,  or  4  per  c«nt  uncompensated. 

It  was  at  once  clear  thai  cither  something  considerably  better  tttan 
I  (his  must  be  obtained,  or  the  line  should  be  reported  as  impracticable  and 
Lahc  whole  staff  wtthdrann.     And  itteemedequaltyclcar  to  the  writer  that 
her  a  considerably  belter  gradteni  than  on  the  existing  line  must  he 
nined.  and  lighter  work  as  well,  or  the  project  reported  as  undc- 
ving  of  any  consideration  financially.     A  reasonable  hope  (or  a  mnxi- 
■om  grade  of  not  over  ij  per  cent  at  most  was  therefore  fixed  upon  aa 
highest  one  justifyinj;  scttin|i  parties  at  work  on  it.  and  hence  (o  be 
::onsic!ered  at  all :  and  this,  to  make  the  project  a  meritorious  one.  re- 
quired ihat:  percent  should  besought  for.    Tliis  made  it  indispensable  to 
■in  ixMuiderabte  development  for  the  ascent,  and  this  in  turn  made  it  out 
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o(  the  question  to  sacend  beiwvai  Dm  tuo  volcanix-^.  cvea  had  tbe  i 
between  them  been  cleft  duwii  to  tbc  level  o[  tltc  niain  pUtdti.  wbiclij 
vas  known  i)oi  lo  be  the  caic.    The  wbotc  problem,  thnelore.  luintfi] 
upon  ihc  c)ucsiion  nl  wIiciIkt  or  not  it  would  be  possible  to  turn 
irardal  Jiilapu  (assuming  that  point  ig  have  been  succcsslullyrcacticKtl 
the  required  gnulc.  which  seemed  a  minor  quesuoo)  and  run  panlli 
with  ihc  coui  line  and  the  coast  range.  ^iA»aX\^  ascending  with  sQ 
poMiblc  development,  and  turn  the  mounutn  uf  Perotc  to  thr  nnnh. 

Thi*  poonibility  the  ittitcr  was  satisfietl  would  tuTn.  ncfcativcly  ax.  le 
upnn  tlic  limple  qticiiioi)  i>(  whcthi-r  or  not  there  w&s  M>me  kind  of  •■* 
cKinblUhed  ht)ihu*uy  jucending  from  Jatapa  to  the  plutean.  lollowang  in  « 
(tenerat  way  the  same  courM:.  ami  lumiiig  (be  nmuniain  to  the  nunh. 
Thai  is  to  uy.  the  cxiiilence  of  a  hiybway  would  not  pnive  the  line  w» 
pnictimble,  but  tbc  Hbaeiice  of  il  would  go  f-ir  to  prove  that  it  was  tnt-  ^ 
prjK.ticable.     In  respect  lo  highways,  the  wntcr  had  even  then  lurncd  i 
I7  itad  experience,  and  liad  repeated  occasions  In  tlie  next  three  yc^ra 
to  realize  still  more  fully,  t  hut  the  route  oj  a  highway  U  ordinaTiiy  iltc 
woTftt  possible  guide  for  a  locating  engineer,  except  as  it  may  serve  the 
negative  purpn«c  of  a  danger  sign  to  warn  him  away.     He  now  recalb  no 
less  than  twenty-three  intiances  on  the  lines  in  Mexico  under  his  cbarp 
where  tlie  utiMcnce  ol  a  travelled  road  pmved  mcfclya  snare  to  deceive. 
Some  of  these  insianocs  were  of  a  very  curious  clinrancr  and  o(  mudt-f 
lechnicAl  inicrwi.  tiiii  dc^criptinn  niuit  be  fnrbornc. 

Bnt  in  rcRionsof  real  difficulty,  where  the  ekvaiion*  to  be  surmoontwl 
become  serious  even  for  animal  power,  and  even  after  all  avoidable  trie 
and  fall  has  been  eliminated,  ihc  case  is  dillcrcnL  The  writer'*  experi- 
ence and  conviction  is  tliat  in  such  oses  tbc  agjcre^tc  intcllieence  of 
the  cows  and  the  natU'c^  therenlmitt  may  snfely  Ite  tnHinl  to  <Iiscovrr  and 
tiiflixe  the  very  l>rst  route  there  is  forturmounliriglbe  elevation  with  ihc 
1iM<t  nmnunt  of  work.  liven  what  would  be  regarded  tn  Mexico  »r 
ColoeiKto  as  «o  simple  a  problem  a*  thai  of  making  the  90O  \\.  Ti*e  ovrr 
the  Allefrlieny  Mountains  in  Pennsylvania,  is  a  case  in  point.  The  [■» 
above  Attoona  aod  Hollidaysbur]:  was  diKOX'eied  and  uiillxed  in  the  very 
egtrliest  days  of  the  setilemeni  of  the  countrj'.  and  (our  generaliont  o* 
eR([incera  on  four  successive  public  works  liave  been  able  to  do  bo  bet- 
ter. 

The  first  question  asked  by  the  writer,  therefore,  after  teaming  the  I 
details  of  what  was  doing,  was  whether  there  was  a  travelled  highwav 
turning  the  mountam  to  the  north,  the  map  before  him  not  eiiendine 
far  enough  north  to  show  that  region  distinctly  at  all.     Me  wm  iDfaroH^'j 
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U  once  that  there  whs.  and  a  very  old  and  good  onp.  Had  die  response 
been  otherwise,  lie  should  have  regarded  the  result  o(  the  reconnaiMancc 
as  pruclicully  decided  llicn  and  there.  The  statement  was  coupled  with 
another,  however,  th^t  ihU  route  had  l>een  exumined  by  (lie  engineers 
of  the  Mexican  Kailwiiy.  and  re|>orted  far  lesit  praciicahlc  (li^n  the  line 
aftcfwurdft  adopted  and  buiti,  so  that  the  aiidJk  line  described  was  under 
examinatioti  xs  the  only  hope  left. 

TbiB  was  discouragin);  enough:  but  on  (unlierkarninKttut  the  high- 
way hod  beea  for  three  centuries  preceding  the  railway  era  the  leading 
one  between  the  interior  and  the  coast:  that  there  was  no  succeeding 
descent,  but  mihcr  a  gentle  rise  in  it  for  niiiny  miles  after  llic  niouniain- 
gndc  proper  wa*  surmounted;  that  the  summit  u-as  (this  attcrward» 
proved  an  error)  Mveral  hundred  (eet  lower  than  that  ol  the  Mexican 
Railway  ;  and  .lome other  facti  which  seemed  liojtcful. —there  appeared  to 
be  a  Itijtiting  cltance.  which  wa»  at  least  the  only  chance  that  the  line 
might  be  developed  to  give  the  requisite  grjde. 

The  more  imroed idle  question  became  then  to  make  the  ascent  of  4^00 
(t.  to  Jalapa,  and  it  wait  at  once  appurent  that  to  have  any  hope  of  doing 
thift  on  such  favorable  grades  as  were  atone  worthy  of  coniidciai  ion  under 
the  circumstances,  the  line  mutt  be  carried  down  to  as  low  an  elevation 
as  possible,  parallel  with  the  coast  and  the  mountain  slope,  by  running 
south  from  Jalapa  towani  Coatepcc  before  l>eginning  to  lo«e  distance  by 
tttrning  eastward  to  thcsea.  It  appeared  prolxihle  that  the  S5ofi.of  (all 
between  thc«e  two  points,  as  to  which  some  deliniie  knowledge  was 
available,  could  not  be  made  on  a  steeper  grjde  than  1  per  cent,  and  it 
was  this  fiiitunale  tuct  (as  it  proved)  which  first  led  to  conducting  the 
reconnaissance  Iroiii  the  t>cgmn>ng  on  the  lighting  chance  of  obtaining  a 
a  percerit  grade. 

It  was  now  determined,  therefore,  that  the  line,  if  there  was  to  be 
any,  must  pass  from  Vera  Crux  to  Coatepcc,  and  thence  to  Jalapa.  instead 
o(  to  Jfilapa  direct.  Coatepcc  lies  at  the  head  of  a  river  of  considerable 
slw.  the  Rio  Antigtia.  which  runs  from  it  directly  east  to  the  coast ;  and 
the  map  and  known  elevation  of  the  town  mnde  it  at  <Mice  clear  tliai  there 
was  no  physical  impossibility  in  descending  this  valley  directly  on  a  if 
per  cent  gmdc.  or  jicrhafxi  lets,  if  the  valley  had  a  tolerably  uniform  dc- 
Kcnt.  It  needed  but  the  most  moderate  knowledge  of  (he  general  laws 
of  topography,  however,  to  make  it  practically  certain  that  no  even 
nppniximately  uniform  descent  could  b«  hoped  for  In  a  river  flowing  in  a 
deep  gorge,  cut  through  what  wa«  pcaalcatly  only  a  narrow  fooling  to 
ihe  most  tremendous  mountain  slope  on  this  continent.    The  foot-hills 
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Iff  u  '.\'i\^- w\i\'h  ti:ai\\'A  a  height  of  17.873  ft.  and  s:art^  practicaliy 
If'iiii  till-  kv'l  III  iliir  n-M,  uas  certain  to  have,  like  ail  such  S:r>p«f.  a  de- 

*  iil'-i||^  I  'i[i<  .iWt-  |.r')llli:. 

N'liliiuH  I'-i  iliiiii  S  \"'^  '^"t  could  be  rationally  hoped  for  in  I'ollow- 
iiiK  <!"'  '"*''  "J-  iijiiiii-rliatc  slujtcs  uf  the  valley,  and  it  therefore  became 
i|iiili-  I  iTiiiiri  lliiiL  Llie  lini;  desceniling  from  Cuatepec  mu^t  start  from  thr 
liiwi-M  jKiiiil  iit  iliir  hearl-wutcrs  uf  the  Rio  Antigua  which  it  wasposaible 

111  iiliiiiiii.  lull  s|H'i-iiily  riMc  u|>  un  the  higher  slopes  of  the  vatlet'  and  du! 
i.|  ilii-  iiiMiiiTii  !■  of  ilif  siriMiii.  until  lU  last— and  probably  within  a  shon 
■liiiiinir  11  W"iilil  ii<e;ilnivi;  nil  supporting  ground.  No  resource  would 
liirii  ii-iii.iin  bill  li)  liirn  across  northwardly,  at  some  favorable  point  c-n 
I  111-  ilik'nliiig  liilH''.  iiU"  the  viilley  of  the  next  river  to  the  north,  the  Rij 
<'li.ii  li.iUii'.is.  will  I  I  lie  vii'w  of  gaininu  only  sucli  limited  development  as 
iniijhi  111-  iirif  ^>.lly  lo  I'alrh  iipi>n  si'ini.'  Iiik;ii  point  on  what  wcro  knouit 
111  111-  ilir  i-i'i'lli"  lUijics  iif  ilii'  liiwiT  v;ulfy  il  th.it  rivi-r.  fium  which  the 
liiii'  I'.nilil  ili'Si'i-nil  iMMwartlly  on  the  roL|uired  ^rdde  to  sea-lcvL-l  at  a 
|i.imi  ,1^  ni'.n  tn  llir  i'i).isl  as  |Hissilile.  The  only  icar  in  tiiis  process,  be- 
iuli>  ilic  i],Liii;i'i  lit  lii'.nv  wi'rk.  H.isthj;  :;  ~  .;:::  :<  anavoiil.ib^e  lo  m.ikL' 
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icHirrmij  tbut  llwrc  was  such  a  pUce  as  Jaliipd.  or  thai  (here  was.  or  e\-cr 
jiiid  lM;cn.  fliK-li  a  projcci  as  an  asceiil  to  tlic  pl^iteau  chrounh  that  region, 
■ind  witl)  the  clevaiiun  of  unly  ivo  puirits  on  [tic  liiic  JmU(m  and  Coaic- 
[m'.  •ipfifoxiniaicly  givrn.  Neither  (ioc»  the  line  on  Pig,  ]o3  difler  by 
iiiiK'h  more  than  its  own  wtdtli  ai  any  point  (toni  the  position  uF  ilii;  hne 
us  tintilly  Kurwycil.  as  shown  on  the  detailed  maps  and  proltles  which  are 
lietc«'itli  laid  before  the  Society  complete,  the  more  difticiiU  upper  hal[ 
•>f  the  mountiiio  );radc  c>nly  having  be«n  engraved  on  Figs.  309  and  jio. 

Thr.  wtiicr  wuulil  not  he  undcmlood  to  oiocrt  or  imply  tliui  e(]Ua1 
piMttiveno^  in  dclinmg  in  advance  the  limitation!  u(  rvcuiinai.ixnncc  is 
odcn  po>»il)le.  <Jn  the  contrary,  he  ha*  never  known  another  instance 
jiMl  like  it.  although  ii  beoinie  his  duty  later  to  consider  projects  for 
several  other  lines  of  a  similar  but  leu  exacting  chtfrucicr.  liut  the 
pectiliui  conditions,  it  will  be  seen,  left  no  escape  <it  any  point  from  the 
clwin  o!  rciiaooint,''  Had  there  been  no  existing  parallel  line,  one  might 
hjve  JDSKfiably  laketi  ilic  xk^vm  for  better  for  wor§c.  und  borne  niih 
equdMiniity  lindini^  ii  a  great  deal  worse  ilian  he  took  it  Tor.  At  it  was, 
the  fighting  chance  fur  a  low  grade  wa3  the  only  one  economically  u-orihy 
ol  attention,  and  this  primary  fact  given,  the  conditions  left  no  escape 
At  any  point  from  the  tr^in  of  reau>nin){  thai  il  w.i«  that  one  route  or 
noihing. 

The  next  morning  M.  daybreak  the  leconnaiasance  began,  and  was 
pus'icd  through  n-ith  increaiin);  confidence  as  fast  as  the  aniinaU 
could  mand  tc.  or  at  the  rate  of  »ome  jo  niilcft  per  day.  the  entire  l-x> 
amination  of  the  mountain  grade  occupyinK  three  days— such  haste 
being  merely  in  fnlfilment  of  the  wriicf'it  positive  instructions.  aiHl  nat- 
orally  acainst  his  inclination.  Less  time  was  required,  however,  be- 
cause the  only  real  puiposc  of  the  reconnaissance  was  not  to  find  a  route, 
bill  t'l  examine  on  the  k'O""'!  ''le  features  of  what  was  already  known 
10  he  the  only  route  alTording  a  rational  chance  of  success.  The  Ar«i 
Ijoo  feet  of  rise  was  seen  to  be  on  slopes  smooth  In  detail,  but  sufB- 
Ciently  steep  for  laying  down  a  surface  tine  on  almost  any  Kradc.  and 
were  not  examined  critically.  The  dividing  ridge  was  then  follo«-ed  up. 
10  judi-e  of  wliat  was  really  the  only  critical  point  of  the  lower  descent 
<frum  the  point  of  view  of  possibility  and  not  of  cost),  the  potsage  frt»«n 
one  water-shed  to  the  other.  .^  lonK  and  sharp  spur  riilKC  running 
«astwardly  from  Coaicpec  about  halt  wuy  to  ilie  coast,  having  a  crest 
5000  or  fiooa  feet  high,  and  slandinK  at  rif-ht  angles  to  the  main  slope, 
was  fotiitd  to  define  the  point  where  this  passage  must  occur  pretty  defi- 
iiiiely,  and  the  material  and  io[>ography  wss  seen,  with  tuucli  relief,  to 
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be  (a\-orablc  (or  nukiag  ibis  pan^e  with  a*  much  or  »%  lltUe  dettiofK 
laeni  as  mtghl  be  nwcasary,  with  <;uaiiderabk  latiiude  \a  dcvatioa  cdiI 
cuy  work.  The  south  slopt^  u(  thU  roountain.  where:  the  line  wvatd  be, 
was  Iduad  to  be  almost  iropracitcuble  (or  pKuuKC  on  borselack  withowt 
amp  eqtiipa^  ai»d  time ;  but  observing;  the  north  aide  to  be  Uirlr  Eavor- 
«blc.  and  taking  it  to  be  very  unlikely  thut.  in  a  r»d|{c  a(  this  chancier, 
the  topography  would  differ  widely  on  the  two  &lope:i.  it  was  poaaed  far 
with  a  cunfidence  tlut  the  rouit  fully  ju*ti(>cd.  as  well  as  such  vtrr  liot- 
(led  infnrmiitkin  as  wm  avaiUbSc  at  ttM  iJhm;.  It  will  be  sevn  (rum  the 
maps  and  praBtcs  of  ttii«  »ection  (not  ei^ravcd)  iliat  on  the  sur^evi  nnv 
submitted,  n  few  of  the  most  owtly  tAtt^t  works  on  the  line  arc  Itere.  and 
not  on  the  engraved  section  above  Jubp*.  which  was  really  lh«r  mtical 
section,  ThuL.  however,  the  writer  is,  and  was  then,  taiisfied  was  doe 
chiefly  to  the  (act  that  the  lower  Mrcticwi.  not  t)cing  a  source  of  much 
anxiety,  wus  left  in  lest  com5>etent  hand*.  In  part  it  was  radkally  im- 
proved  almost  at  the  conclusion  of  sun'rys,  and  the  writer  feels  no  dijiibt 
thai  it  all  n)i)[ht  luivc  been  more  or  less,  although  be  makcK  xut  claim  in 
that  mpcct.  Owini;  to  tlivfulling  away  of  the  country  to  the  south, 
before  referred  to.  and  the  existence  uf  the  deep  Aarrttm^a.  or  goff;e,  la 
which  the  riv«r  tay,  uliich  cut  down  alninst  tu  »ea>ievel,  or  some  jooo 
tect  below  the  line,  some  of  the  most  sublime  vtewv  of  Il»e  line  were  on 
this  section  ;  but  its  dilllcutly  was  not  in  proportion,  in  pan  beouse  of 
the  very  fact  that  the  line  lay  so  high  as  to  be  iibo«-c  the  imraediate  infla- 
ence  of  the  harraiKa.  Tti«  ntaicriat  on  all  thin  section  was  exoeedingly 
favorable. 

The  TCfiion  between  Coatepec  snd  Jalapa  was  known  to  be  not  very 
n^gcd.  and  to  oppose  no  difficulty  as  to  elevation,  so  that  it  also  was 
passed  by  wrth  a  confidence  whkh  the  re»iili  lusiiltcd.  and  the  project 
was  complete  to  Jalapa.  as  a  basis  for  surveys,  with  a  reasonably  lavor- 
aWe  1  per  cent  gtade-linc  .ill  hui  asnired. 

For  the  critical  section  above,  the  distance  by  highway  was  louod  tu 
be  almost  one  half  too  shon.  and  all  hung  upon  the  possibflltica  of  de< 
vdopmcni.  TIk  material  and  tc^toffraphy  on  the  lower  half  was  foBod 
to  be  favntablc  for  this  purpose,  beind  orlh  to  a  great  depth,  as  noted. 
and  sufficiently  broken  up  by  ridges  and  hills.  A  long  stretith  at  about 
the  niitldle  of  tiic  slope,  near  the  village  of  San  Marcos,  was  ul  an  erfuallT 
tavorablc  chonicter.  being  literally  an  iiKtmcd  pianc  on  a  slope  of  about 
I  in  la— an  old  Uva  flow  overlaid  with  soil,— and  not  much  broken  up 
in  dctaiL  Tlie  upper  section  was  nigged,  biii  short,  with  conaidcnUile 
opportunities  (or  rather  expensive  development. 


APPENDIX  C. 


941 


The  whole  of  lliis  region  was  rxaniiiied  on  th«  third  dny  ci(  a  vcr)' 
heavy  raiti-siorm.  the  end  of  wliicli  could  no  longer  be  waited  for,  and 
the  cxaminBiion  was  necessarily  restricted  to  salient  lcatuTc»  only.  On 
a  long  grade-line  of  this  character,  however,  the  possibillticx  of  dcvelojv 
ing  on  practicable  ground  10  reach  certain  elevations  at  ccruitn  frac- 
liotiitl  portions  of  the  atr.uJHbk  distance,  can  be  judjced  of  with  some 
certainty,  the  general  diameter  of  the  slope  being  the  main  feature ;  and 
the  writer  felt  no  real  doubt  then,  or  at  any  later  titne.  that  a  [;rui)c  in 
the  neighborhood  of  3  to  2|  percent  was  easily  practicible,  there  being 
a  certain  considerable  brlt  of  faroraUc  icrrilory  on  which  to  place  it, 
although  above  and  IkIow  that  the  lopografhy  was  much  roorc  furbid> 
ding.  A  leading  (actor  in  riMchiiiK  this  apparently  hasty  conclt»ion 
was  the  «plendi4l  anti  ancient  hi^'Kway  already  referred  to.  by  far  the 
best  in  Mexico,  if  not  on  this  conilncni.  It  is  a  broad  niiicadamixed 
ro.ad  with  paved  gutters,  and  a  stone  cuib  or  ina«>onry  wall  at  the  side, 
and  the  writer  deaires  to  pay  a  tribute  of  aiiminition  and  respect  to  the 
unknown  engineer,  whoever  he  was.— very  |x/Mib)y  one  of  the  soldiers  of 
Cortes,  or  one  of  his  immediate  successors.— who  laid  it  out.  From  a 
poin:  near  Jalapa  to  the  summit,  near  Las  Vegus,  there  is  nut  a  break  in 
the  steady  ascent,  and  iliere  iiil-  few  points  oa  it  where  a  fre»li  team  of 
horses  would  not  readily  break  into  a  trot.  The  conclusion  was  natural, 
that  if  a  Spanish  soldier  in  ijjo  could  putsomethinK  like  a  6  per  cent 
highw.iy  down  that  mountain  slope,  an  AmcHcnn  engineer  in  1881  oi^ht 
to  get  a  3  per  cent  railroad  line  down  it.  or  take  olT  his  hat  to  his  prede> 
ceasor. 

After  reaching  the  summit,  the  continuation  of  the  line  to  Mexico, 
or  any  other  point  on  the  pUtr.au.  was  a  detail  nflcring  no  diliicuhies 
and  needing  no  immediate  study.  The  line  was  therefore  reponed 
on  in  writing  to  Mr.  W.  C  Wetherill,  chief  engineer,  three  days  later 
<March  28).  as  follows  : 

"The  line  under  examination  was  too  (orbiddiog  to  be  worth  further  at* 
tentfon,  ...  I  (eel  no  doubt  that  die  proper  plue  (or  the  lint  la  to  the  north 
of  Ptroie.  and  ihst  toncthlnii  like  a  t\  yxt  tent  grad*.  or  possibly  a  %  per  cent 
grade,  i>  practicable  above  Jalaps,  ffhaterer  grade  fi  (here  obtained  can  ccf- 
laialy  be  continued  down  10  tea-level  and  slope  witboui  cxecMlve  work.  I 
have  instrucml  lurvcys  10  be  conducied  above  and  below  Jalapa  on  a  9  per 
cent  basil  for  the  present,  and  eoasldsr  tbc  proRpccis  for  a  faiity  favorable  line 
(ood." 

It  sliould  be  mentioned  further,  that  the  writer's  examinaiton  had 
been  merely  in  a  consulting  Ciipacity  (the  line  not  being  loraially  a  part 
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of  iIh;  Mi-xknn  NLiiion;>l  proji^ctit),  and  for  mmuc  montlii  l«ter  ))c  l).ul  nu 
ttcnnuiipnt  con<'ii--t:iiijii  u'Ltli  or  kiiuwtcdgv  o(  tl)«  prngrcsa  of  tbt  ivork. 
tieiiig  al>sciii  oil  ilic  Pacific  slope.  On  bclii);  sif,'<tln  asked  locx-iniine 
the  line,  August  isl,  l8Sl,  he  foticid  llist  liis  concliismii!*  tmd  lirtrn  iv 
ported  on  as  InipcBclicalilc,  and  tlini  8  3  per  cent  comptin&atcd  ^'ru(l<r  IimI 
becti  adopted,  localcd  in  pan,  and  wn«  iiniicr  iron »ituci ion.*  Foftu- 
natcly.  however,  a  most  intelligent  axsiatatit  engineer,  of  great  iMtuml 
cftpacxy  for  location.  Mr.  John  S,  Ki-liott.  was  In  chittgc  oJ  the  upper 
locating  party.  To  hit  admirable  conduct  of  surveyi^  the  xucccsK  of  this 
line  was  very  l>irKe1y  due.  Aided  liy  inCurmation  he  had  acquired,  n 
was  toon  discovered  that  the  aba  n  dim  men  I  <>(  the  :  per  cent  gnule  lud 
been  an  uvei>lia.-icy  conclusion,  from  data  whicli  in  fact  a^ured  ita  mk- 
cesK.  Thework  in  proxrcuwaa  ihcrclore  stopped  b>'lhcwrltcr'4»dvK;e: 
M>me  $30^000  of  completed  work  abandoned,  cliielly  in  the  approacbes 
to  a  C'Hity  tunnel  in  eurtti ;  and  thewriter  appointed  chief  engineer.  cnn> 
tinuing  in  cbarKe  until  some  time  after  the  completion  ol  the  sur^vys 
now  laid  before  the  Society,  when  the  abandonmeni  of  all  lurtheram;c  ol 
the  project  by  the  MexiCjii  National  Railway  compelled  bk  rmtgiution. 
«ii<l  shortly  afterwaid  led  to  the  stoppage  of  all  work.  But  for  the  fact 
tluii  he  was  lavored  wiib  an  unusually  competent  asii.ilant  in  immediate 
char^  of  siirwy*  on  the  more  difficult  secilon,  the  writer  (earn  that  be 
should  never  have  been  able  to  carry  through  the  line  with  the  timitml 
time  at  hi.i  command. 

Two  features  on  the  upper  a^ent  arc  worthy  of  special  note:  One.  1  he 
great  lava  How  ihown  in  Fig,  309.  aiid  before  referred  to;  and  the  oiltcr. 
a  Ktill  grander  feature,  the  barrancn  of  Zimilahuacaii.  a  vau  sink-hole  in 
the  earth  some  i  or  3  miles  in  diameter,  and  some  3000  feet  deep  by  the- 
barometer,  about  hall  of  it  sheer,  with  no  transition  or  "  rajQted  ridge" 
whatever  from  the  surrounding  surface  of  the  plate<iu.  whk'h  was  as 
smooth  and  irecIcHasan  Illinois  rolling  prairie,  but  slopinfj  al>out  1  in 
13  or  t }  in  the  chasm.  This  fcaiurc  was  encountered  some  miles  btfvond. 
where  all  difficulties  had  ceased  3c  tlic  summit ;  and  to  smooth  was  the 
edge  that  the  'inctkirtcd  it  with  a  mere  surface  line,  so  near  to  it  that 
a  stone  thrown  from  the  cur-window  woulil  fall  sheer  full  looo  feet  before 
touching.  On  the  plateau  the  lociiliiy  was  so  cold  and  so  much  expoMd 
that  it  was  stated  ih;it  wheut  would  hardly  head,  while  immediately  be- 
neath one's  feet  bananas,  coffee,  oranges,  and  every  form  of  tropica) 
vegetation  could  be  seen  growing  luxuriantly.    A  few  mites  beyond  was 


'  The  conccMion  permitted  of  no  delay  In  bcBinning  conBimetion. 


APPES-DIX  C. 


943 


a  larffcand  very  ancient  fortress  still  in  t;ood  repair,  but  unoccupied, 
whicti  wcKilf)  co-t  per)iai>s  £5,000.000  or  ^6.000.000  to  dtiplicaie.  in  which 
for  two  cciiltitics  the  great  biilk  of  ihc  silver  product  of  Mexico  was 
stored  pending  t)i<- arriviil  of  transports  at  Vera  Cruz.  Sevvral  of  the 
iM  line  of  visusi  telegraph  towers  which  were  used  to  communicate 
between  ihc  two  polntjs  are  iiill  pointed  out,  Although  out  of  use  more 
than  ii  century.  From  several  points  on  the  upper  ascent  the  city  of 
Vera  Crui.  80  mile^t  olT  in  an  air'linc  and  6000  to  8000  feet  below.  Is 
vixible  in  clear  weailicr.  Thee  mid  other  features  make  the  region  one 
ot  ibc  highcKt  intcTctt  to  the  luurinL 

In  view  of  what  haji  prece<lcd.  thcwriter  hopes  that  lie  may  not  be  sus- 
pected ot  over-ettltnutinfc  the  dtlTicul tics  u(  securing  such  lines,  or  of  per- 
sonal iniibility  to  cope  with  them,  wbeo  he  declares  his  conviction  that 
this  whole  method  of  lalcinL;  r4ilwuy  lines  up  difficult  iiscents  by  a  con- 
tinuous succeMion  of  curvei  and  tangents  on  a  riling  grade,  over  which 
the  locomotive  keeps  up  a  steady  march,  is  fundamentally  wrong  and 
bad.  and  one  which  might  profitably  be  modified  in  neurly  all  cases  when 
an  cicvpiion  of  over  1000  feet,  or  possibly  much  less,  is  to  be  surmounted. 
To  furnish  a  suilnbJe  background  for  the  exprciAinn  of  these  conclusions, 
by  showing  that  they  arc  formed  in  spite  of  fairly  successful  experience 
in  following  up  the  more  usually  approved  plan,  is  a  main  purpose  of 
this  paper. 

Three  gcncrxl  metbo<ls  for  surmounting  »ueh  elevations,  bestdea  the 
almost  universal  one.  are  more  or  less  in  use : 

First.   Kack  or  grip  railways. 

Secnnd.  inclined  planes  operated  by  stationary  engines. 

Third.  Switchbacks. 

The  first  of  these  was  proposed  in  a  practicable  form  over  thirty  years 
ago.  and  the  two  latter  antedate  the  locomotive  itself.  Either  one  o( 
tbein  IS  probably  deserving  of  more  use  than  is  given  it,  but  the  third 
^switchback)  the  writer  deems  worthy  of  adoption  by  engineers  as  the 
standard  plan  for  surmounting  considerable  elevations,  always  provided 
the  switchbacks  be  constructed  and  operated  In  quite  a  ditfcrcm  manner 
imm  th.-it  usu.il  In  the  few  which  exist,  which  have  for  the  most  pan 
only  been  rcsnrteil  to  as  a  last  ri'source. 

One  feels  a  natural  hesit^itlon  in  expressing  a  conclusion  which,  it 
must  be  admitted  at  once,  all  the  tendency  of  modern  practice  ten<ls  to 
discredit.  The  accumuluicd  verdict  of  experience  is  rarely  wrong,  and 
it  Is  undeniable  that  «II  these  plans  have  been  in  many  cases  tried  and 
abandoned,  and  have  met  decreasing  (avor.    Nevertheless,  causes  need- 
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\vsi  to  )[0  into,  other  than  lack  of  real  vnerix,  may  explain  in  pan  at  Icut 
thin  result,  and  tbe  writer  sees  no  escape  from  believing  (bai  ibey  tlo  n 
wholly. 

The  eapabilities  tA  tbe  inclined  plane  or  cable  plsn  have  be«n  ^t^iij 
extended  iii  recetil  yvant,  asaptilied  to  sttret  and  local  piisten^eiierviic. 
anil  It  i»  clear!)  destintd  in  the  near  future  to  still  wider  wtc  Super- 
ficiaily.  tlic  record  of  its  use  in  connection  with  ordinary  railways  u 
niont  duicouraging  to  any  hope  ol  its  future  UMfulness  in  thai  (liricctioa. 
Ill  tltc  early  ditys  of  railways  it  was  constantly  considered,  and  ofic 
used.  A  complete  plant  o(  the  kind  exiucd  over  llie  Alleiibeny  tummit| 
of  the  PcnntylvaniB  Kailrofttt  before  that  line  wai  built,  and  was  abas 
(toned  in  fftvorof  locoinoiivc  i(a<:tion.  even  loconnect  two  lines  of  i 
Se%'erat  complete  lailn-uys  operate*)  by  successive  Inclined  pUnrs 
Ijravity  inclines  were  built  in  I'cniiiylvania  and  clsewtacre~i«u  in  Nortb- ' 
em  Pennsylvania  of  contiderabk  kngtb.  one  of  whkb  is  still  in  one  and 
the  other  only  recently  abandoned,  but  not  chiefly,  if  at  all,  I04- 
alTeciing  its  abstract  merit.  It  »  not  {[cnerally  knonn  that  U>e 
main  line  o(  the  I'ennsylvani.i  Kailroad  over  the  Atleghcniea.  wbicb 
built  long  after  the  old  planes  IukI  been  abandoned,  was  laid  out  wrtb 
Uic  distinct  view  of  afterwards  adding  a  new  and  enlarged  syBtem  of 
pl.incs  for  fiei}(lit  traflk  when  the  volume  of  trattic  bad  iacresMd  W 
justify  it.  This  policy  was  favored  by  its  distinguisheil  chief  engineer^ 
Mi.  .1-  Edgar  Thompson,  and  sotiie  elaborate  and  iDterestinx  data  in  re- 
spect to  it  nie  f[iven  in  tlic  early  repons  of  that  road,  notably  in  a  icpun 
by  the  then  Superintendent.  Gen.  Herman  Haupt.  in  which  the  eroundJ 
is  distinctly  taken  ihat  it  is  a  mere  question  of  volume  of  truJIIc  whelbef^ 
inclined  planes  arc  economical  or  not. 

Tl»ai  view  the  writer  apprehends  10  be  tl»e  true  one.     The  fixed  trac 
live  plant  Is  costly  to  construct,  maintain,  and  operate,  and  expmses  an 
no*  Rreaily  affected  bj-  whether  the  tonnage  moved  by  it  be  larze  or. 
sniall.     It  by  no  means  follows  thai,  because  the  system  was  wisely] 
alMndoned  in  favor  of  locomotive  power,  for  ihr  thin  iiaflK  of 
early  days,  that  It  is  wise  to  continue  to  neglect  it  at  points  where  alnoar^ 
a  steady  stream  of  laden  cars  is  to  be  carried,  first  up  and  then  down  a 
dividing  ridge,  day  and  night,  tiM  year  round,  as  on  the  Pennsylvania 
summit,  and  at  many  similar  localities.     At  such  points  it  is  demonsira-j 
bte  that  nnt  only  may  the  t^ai  nmoiunt  of  power  used  in  liftintc  locoawi* 
live*  Ife  laved.  but  that  the  descending  and  ascending  cars  may  be  taal*  , 
ancnl  usainsi  each  oihcr,  ihus  laigcly  eliminating  the  cflcct  uf  tbe  : 
while  tbe  superior  ccoaomy  of  stattonary  engines  will  largely  reduce  ibe ' 
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COM  ptr  borac-powcr,  after  allowii^  for  the  friction  of  cablca.  which,  on  a 
«hon.  uccp  incline  is  a  minor  clement.  T-Upcrially  now  that  ihe  making 
of  long  continuous  i-abl«s  i«  «o  well  undcntnod.  so  that  a*  long  an  in- 
cline as  the  lOfiographjr  pcnnits  xaa.y  be  readily  worked,  it  is  wonhy  of 
the  most  seiioui  study  whether  a  very  Itirge  economy  is  not  readily  pos< 
sibic  at  such  special  localities;  a  considerable  number  o(  wbicfa  may  be 
counted  up. 

A  proper  switchback  system,  however,  tepms  to  the  writer  lh«  most 
gcnenlly  ntclul  and  meritorioas  lor  lines  of  protnbly  ibin  trafKc.  as  well 
ax  the  most  unquestionably  practicable  (or  uae  in  all  such  localitiei.  The 
Bcrm  of  the  proper  system  was  contained  in  the  Arat  switchback  laid 
out  in  Amerka.  if  nut  in  the  world, — that  at  Mauch  Chunk. — which  was 
used  for  dro{>ping  empty  coal-cars  down  into  the  Nesquclioning  Valley, 
before  the  tunivcl  of  that  name  wa«  completed.  That  track  wa«  u&edonly 
for  ciirs  poMiog  in  one  direction  (desoeoding^.  and  was  operated  as  fol- 
lows: 

The  cars  were  stoned  (roro  A.  Fij[.  jti,  on  a  down  grade  of  about  i 
per  cent,  calculated  to  give  a  considerable  velocity.  At  S  an  automatic 
switch,  whose  exact  mechanism  the 
writer  cannot  give,  was  ma  tlirough  and 
the  car  broaght  to  a  rest  by  the  next  sue- 
eeeding  up  grade  at  C  from  which  it  ira- 
mediately  started  back  towards  D.  pass- 
ing through  tl>e  switches  B%nA  D  until 
again  stopped  at  £;  andsoon  indefinitely, 
tltc  cars  descending  several  hundred  (eet 
in  all  without  the  slightest  attention. 
^■ery  rapitlly.  with  very  rare  accidents. 
B>iil  with  no  one  on  them  or  staiioaed 
along  the  track. 

Thus,  to  say  the  least,  every  advantage  was  gained  thai  could  have 
been  gained  by  a  long  continuous  descent,  with  the  immcnw  aiJ\'antiige 
that,  owing  to  the  entire  liberty  of  chmce  as  to  the  length  given  to  each 
plane,  the  best  alignment  and  lightest  work  available  ot^  any  pan  o(  tbe 
surrnunding  countn'  m.-iy  be  chosen. 

But  more  than  this  wiw  gained.  Any  long  continuous  grade  which 
is  steep  enough  to  mo\-e  can  with  journals  in  rather  bad  order,  roust  be 
steep  enough  to  speedily  give  cars  in  good  order  a  dangerous  velocity. 
Tbu*  it  would  be  impassible  to  let  cars  run  of  themselves  down  a  con- 
tinuous  grade  of  any  kind,  while,  on  the  switchback,  not  only  was  this 
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vAy  readily  done,  but  a  pretty  high  average  velocity  could  be  ufely 
UM:ii.  from  the  f.-ici  ilint  it  in  any  cfi«c  could  not  exceed  a  certain  tniui- 
miiin.  Agiiin.  wiicii  nMcssity  required,  it  was  easy  to  stop  cars  at  any 
point. 

Anal<^uus  advantages  are  readily  oblainabic,  mutatis  mutandis,  bjr 
switchbacks  operated  by  regular  trains  runnin|[  in  bcnh  directions,  bui 
not  under  the  conditions  of  ordinary  practice,  which  necessitate*  tlie 
complete  loss  of  all  the  X'is  t-Air  of  the  train  at  every  sn-itch.  The  pt>n 
tlliown  in  Fig!«.  311  and  313  will  apparently  obviate  this  necessity  com- 
pletely, and  introduce  no  new  clcnieni>i  liable  to  cause  difficulty,  but.  on 
the  contrary,  give  smooth,  easy,  and  rapid  motion.  The  details  ol  this 
plan  areas  follows: 

As  RtspKts  tkt  .^tPi'/f^M.— The  switches  should  be.  and  are  easily 
made,  entirely  auiomaiic.  Their  normal  position  should  be  that  in  Fig. 
313.  in  position  for  ninning  up  hill,  and  not  down  hiiL  A  runaway  train 
or  car  cannot  then  pass  .1  switch  and  continue  down  (trade.  As  respects 
a  train  going  up  grade,  this  arrangcnieni  pre§cnta  no  difBculty.  It  may 
simply  run  through  the  switch  D.  springing  the  points  over  to  let  the 
wheels  pas».  Simple  devices  of  many  diAcrent  fottng  may  be  used  to 
restrain  too  rapid  return  of  the  points  after  the  poKt.-^  tA  each  single 
wheel,  but  this  is  not  essential,  as  the  wear  and  tear  would  be  smalL 

The  mcchitnUm  here  outlined  otts  at  lollowil 

Down  Trains. —  A 
placo  B  uid  C  in  pcstlioii 
V>  act,  wliich  dre  athcrwbc 
vntirrly  jnr>prrj(iYr. 

/r,  whtn  Arvl  madr  op- 
cnttivn  by  A.  aj>en>  ihe 
iwiloh  D  lit  track  C,  nnd 
hold!  li  opf  n. 

C.  ilnKyi  (iptmilvc 
whpn  a  IK,  rrluntL  A,  i^. 
and  D  li>  their  urii^nal  pcniiioni. 

A,  B,  and  C  are  tu^paxd  lo  Ik  locaMd  •ritb  nfmtux  K>  havlnt  the  eacla*  ahayi  ai 
tlw  lanie  tnd  of  ihc  train.  It  the  engine  Ik  allhe  olbf  r  *Dd»  ttw  «Bi(cbM  tmtuA  be  opct- 
■ud  ti]t  hand. 

Uf  Tkai:«b.— H,  by  tsfrlwsnwt,  ilir  fniriiiwr  of  an  up  tmln  shonid  k»w  t^«  iwltch. 
Kiiiiilln|[  lever  dovn,  noihlnc  will  happen  eicirpt  lo  tcl  /4  as  if  <<ir  4  <lii>-n  tram,  in  lta>- 
Ing  Itie  Mtilchbiick.  This  w  ill  not  iflect  foUnwinf:  trains,  cither  doun  d  up^  AouU  a 
lunM^ini;  uplnin  beniually  curlw,  It  will  net  firil  on  Cand  Itien  on  A,Xtn»  ntOBlnc 
throuch  I  he  milch  vith  noclfett. 

A  train  descending  shonid  be  able  to  operate  the  switch,  to  as  to  con- 
tinue descent,  by  a  single  act  tA  the  engineer,  but  only  by  intention  on 


FiC   311.  — MtC'IIAVIUfl  rO«   AlTOHATtCjILLV  OrMMATVUi  THS 
SuiTCHlt  or  SKITCHkKXl. 
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his  part.  This  may  be  accomplished  by  a  very  simple  and  inexpeiuive 
iipparatus,  such  as  thai  ouilined  in  Fig.  312,  operated  by  a  lever  or  idler 
wheel  on  the  locomotive  controlled  by  the  engineman,  and  with 
mechanism  somewhat  similar  to  that 
of  the  simpler  forms  of  interlocking 
apparatus,  which  it  would  be  super- 
fluous to  describe  in  detail,  as  it  can 
be  designed  in  a  few  hours  by  any 
signal  engineer.  The  general  meth- 
od of  operation  is  described  beside 
Fig.  312,  the  whole  insuring  that  (1) 
up  trains  shall  always  pass  the 
switches  freely  and  automatically:  (3) 
that  runaway  down  trains  shall 
never  pass  them,  but  be  caught ; 
(3)  that  regular  down  trains  shall  be 
enabled  to  pass  the  switches  auto- 
matically by  a  single  act  of  the  en- 
gineer :  (4)  that  careless  neglect  of 
this  act  shall  do  no  other  harm  than 
to  cause  the  train  to  run  back  again 
on  the  up  track;  (5)  thai  danger 
signals  shall  be  set  when  the  switches 
are  wrong,  or  any  part  of  the  appa- 
ratus broken:  (6)  that  the  switches 
can  at  all  times  be  operated  by  hand 
if  desired,  or  if  the  mechanism  is  out 
of  order. 

As  respects  the  Adjustment  of  the 
Grades.— ¥\g.  313  shows  in  detail 
what  the  writer  regards  as  the  proper 
adjustment  of  grades  for  a  2  percent 
switchback,  and  the  principle  of  the 
adjustment  for  any  grade.  With 
this  arrangement  it  is  unnecessary 
(or  an  up  train  to  use  brakes,  or  even 
shut  ofT  steam  at  all.  for  makingthe 
stop  and  then  starting  backwards. 

It  will   be  seen  that  the  up  grade  continues  unbroken  tmtil  it  has 
passed  the  switch  and  then  rises  in  a  sharp  venical  curve,  which 
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nhttve  the  regular  grsdc.  slowly  ai  Ant.  and  at  the  funlier  cnd—Riervly 
u  tt  precaution  agaiii&i  ace idcniA— rises  very  rapidly  Indeed.  This  Is  to 
brmi;  the  train  to  a  stop  slowly  and  gradually,  bat  certainly,  without 
efltier  shutting  off  steam  or  using  brakes.  The  rise  (icocssary  to  do  this 
for  anygivci;  train-speed  may  be  tXKnpuied  exactly,  and  Is  given  In  Tabk 
iS  of  this  volume. 

Suppose  u  train  to  be  ascending  ihc  2  per  cent  grade  at  a  uniform 
apced  of  15  miles  per  hour.  Then,  by  ihc  tabic,  a.  lift  of  7.99  ft,  abtiTC 
llie  re^br  giadc  will  bring  it  to  a  stop  even  with  the  engine  liltll  u*Jag 
»ieani.  IE  the  velocity  be  only  10  miles  per  hour,  a  lilt  of  3.55  ti.  (inly 
irill  be  iicce^ar>-.  and  this  will  or  can  readily  be  made  10  be  the  usual 
speed  of  uppiuuch.  In  tliat  cuae,  if  the  train  consist  of  10  can  and  be 
400  ft.  lonK.  it  will  come  to  rest  with  the  sicain  still  on,  unchan]{ed.  when 
tlie  rear  of  the  train  lias  pa«^d  a  little  over  100  ft  past  tlie  switcti.  tlic 
centre  of  gravity  of  the  train  being  then  3.5J  ft.  above  the  tangent  grade- 
line.  The  slack  of  the  irs^n  will  be  ukcn  out.  under  these  oondltion^ 
very  gradually  Indeed,  arid  almost  at  the  instant  of  coming  to  rest. 

If.  then,  without  clianging  the  throttle,  the  icwtse  lever  be  thrown 
over  into  back  gear,  or  even  merely  into  mid-gear,  so  ii»  tu  do  no  wotic 
at  all.  Ihc  train  wilt  immediately  start  backward,  still  boldinj;  all  the  slack 
out  of  the  tidin.  irhich  will  continue  out  until  forward  motion  is  resumed 
at  the  next  switchback.  If  the  lever  were  immediately  placed  in  Hie 
same  notch  of  back  gear  in  which  it  formerly  stood  in  forward  gear  (wbkh 
would  be  unnecessary)  the  speed  which  the  train  would  have  acquired  on 
resuTiiin^;  tlie  upper  straight  grade  at  T,  Fig.  313,  would  be  that  due  to 
the  height  i".  which  is  3,5;  +  fS  «  4)  =  35.5;  ft.,  or.  as  per  Table  1  iS,  jii 
miles  per  hour,  an  nhjcciionably  high,  Init  not  dangerous,  «pee<L  Had 
the  velocity  of  approach  from  below  been  i  j  miles,  thin  speed  would  have 
been  that  due  lo  37.99  ft-  or  only  32!  miles  per  hour.and  bad  tlio  velucity 
nf  approach  (in  case  of  passenger  iniins)  been  even  so  or  35  milest  tbts 
speed  would  have  been  only  36 or  30  miles  per  hour.-  Thus  the  switch, 
witii  tirades  arranged  as  s.hown.  can  be  lun  through  at  any  speed,  making 
no  more  change  in  the  brakes,  steam  nr  engine,  than  to  throw  over  the 
reverse  lever,  nt  the  niument  the  train  comes  to  a  stop,  from  full  gear  for- 
wiiri!  to  full  near  back. 

With  ordinarily  careful  and  safe  working,  the  speed  at  7*.  Fig.  313, 
would  be  about  to  miles  per  hour  higher  than  the  Speed  of  approach, 
a  gain  far  more  than  sufficient  to  ohvialc  all  loss  of  time  from  the  stop, 
and  equivalent  (for  speeds  of  10  miles  per  hour  approaching  and  10  milcft 
leaving)  to  a  subtraction  of  10.65  vertical  feet  from  the  rise  in  the  nui 


APPENDIX  C. 


949 


grade — againwhicli  will  considerably  increase  the  average  speed  or  haul- 
ing cApauity.  or  biitli.* 

Fig- Jijcqually  well  represents  ihe  conditions  at  the  nexi  enxuing 
switchback,  where  the  train  approaches  rc^r-end  to  it.  if  we  simply  »»• 
aumc  the  engine  to  be  at  the  other  end  of  the  train.  It  reaches  the  po- 
sition shown,  backing  up  irom  below,  with  all  slack  out  of  the  train.  In 
starting  forward  on  tJic  up  grade,  the  rear  end  of  the  train,  being  on  a 
Sleeper  grade  than  the  engine,  will  tend  to  crowil  slightly  upon  ii.  and  by 
setting  the  reverse  lever  in  the  second  or  third  notch  of  forward  gear, 
ibc  slack  will  be  taken  out  in  the  gentlest  ponible  way,  far  more  gently 
Ilian  is  ever  possible  in  starting  on  a  level. 

Thus  the  ordinary  and  great  object  I  on.-i  toshnrp  hollows  in  grade-lines 
do  not  apply  in  ihis  case.  On  the  contrary,  the  action  is  smoother  than 
it  would  be  without  llie  curved  pro61c.  Similarly,  the  still  greater  ob- 
jections to  a  slup  on  the  grade-lliie  do  tioi  apply  at  all  in  thisciise.  We 
rather  gain  by  it,  because  the  whole  tram  Stopa  and  Btaru  again  with  tlie 
f[entlenes«  and  economy  of  energy  of  a  pendulum,  for  identical  meclion- 
ical  reasons. 

This  being  to, — there  being  no  loss  of  time,  no  loss  ol  distance.no  losi 
of  hauling  capacity,  and  no  mensurable  Iom  in  smoothness  oF  motion,— 
we  have  left  as  a  net  gain  two  things :  First.  A  great  additiumd  safe- 
guard against  collisions  with  and  dersilmcntK  of  runaway  trains  or  parts 
of  trains.  Accidents  resembling  the  terrible  one  on  the  Soutlii:rn  Paurific. 
on  the  Tehachapi  grade,  some  years  ago,  in  which  nearly  all  of  a  train* 
load  of  people  were  killed  or  injured,  arc  not  likely  tu  occur.  Before  a 
train  can  attain  a  velocity  of  60  or  70  miles  per  hour  it  must  (all  118  or 
174  fen  in  excess  of  the  fall  retiuirvd  to  overcome  its  resistance.  If  we 
CKimate   its  average  resistance  in  acquiring  that  speed  at  3o  Iba.  per 


"  If  ibc  train  were  ranninR  up  a  sintight  ^rads  LOTk  is  miles  per  hoar 
(say  33  feet  per  sccood)  in  - —  =  1S.2  seconds. 
yu  the  swiichtuck  It  lakes: 

O^h  *3 

O  to  nop.  Soo  feet  at  average  speed  of  about  -^ —  =  4B.J  aecoiKia, 


Stop  to  T,  1300 


gt.B 


Los*  of  lime,  as  nearly  as  may  be.  t}  minute*. 
The  train  it  then  movinic  ri>  miles  per  hour  faster,  so  that  ii  will 
tost  time  almost  wlibin  the  next  mile. 
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un,  equivalent  to  the  acceleration  on  a  i  per  cent  grade,  a  train  must  de- 
scend H  2  per  cent  grade  for  zj  to  3i  miles  before  it  will  acquire  those 
velocities.  A  single  car  would  take  much  longer  yet,  so  that  a  switch- 
back every  3  or  4  miles  would  go  far  to  insure  against  the  worst  results 
from  web  catastrophes,  which  no  care  can  wholly  avoid. 

Second.  A  great  reduction  in  cost  of  construction  and  amount  of 
curvature,  and  usually  in  rate  of  gradient  as  well,  is  assured  ;  in  some 
case»  more  than  others,  but  always  considerable.  In  the  line  described 
in  this  paper,  the  writer  estimates  that  half  the  curvature,  and  nearly  half 
the  cost  of  construction  to  sub-grade,  might  have  been  saved  by  using 
mot  more  than  eight  or  ten  switchbacks  on  tlie  whole  ascent  of  8000 
feet,  through  the  betterclioice  of  ground  afforded.  An  entirely  different 
nnte  would  have  been  selected,  and  nearly  the  whole  line  might  have 
been  reduced  to  but  little  more  than  a  surface  line. 

On  the  otiier  hand,  there  is  the  unquestionable  disadvantage  in 
nritchbacks.  that  engines  do  not  pass  curves  well  running  backward.  In 
part  this  is  remediable  in  the  design  of  engines,  and  by  leaving  the  rear 
'  drivers  blind,  but  the  only  proper  course  would  be  to  us:  an  easier  maxi. 
raiim  curve  on  the  sections  on  which  the  engine  runs  backtVcird.  which 
•rould  be  the  same  both  ascending  and  descending,  and  to  make  those 
sections  ns  short  as  possibie. 

Thus,  ihe  writer  believes,  this  objection,  while  it  cannot  be  entirely 
■emoved,  may  be  reduced  to  very  small  dimensions  ;  and  should  it  agnin 
tall  to  his  lot  to  locate  a  line  of  railway  upon  an  ascent  of  8ooo  vertical 
feet,  or  even  a  half  or  a  quarter — or,  possibly,  even  an  eighth — of  that 
■mount,  he  will  in  no  case  willingly  attempt  to  locate  it  (or  an  unbroken 
locomotive  run.  but  cither  use  switchbacks  for  a  light  trafhc,  or  study 
with  great  care  the  possibilities  of  the  locality  for  inclined  planes  with  a 
bcavy  traffic. 
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Canala.  l'   S,  liTuc.  'i!         I*j>i 
Carkar>]c  4  Ruch'y.tfearpH  curYC 
Carbon,  H.  t!   m,  *«^.  (<lrnt>,  3^ 
Cartlcainc44.   a»  cau-c   nf    acct- 
Cini  (mpcrelf  V  _  ^.r  1.  »7i 
Ca^  (•orernmc-ni.  roiriT-u'h  p. 
[mile,  'tj 
Capital.  n»tlni;,  It.  S.,  anit..*!} 
in  rjfc  ct  «-i(ld.  "r7.*>j  * 
maile  leaa  by  bad  loc'n.  Co 
mtirn  on  Am.  tyit .  *4i 
Knillih  ryi..  *i<,  '■)<> 
Capital  acci..  dinner  of  Inirta)- 
llfl».  ■■;,*)« 
dialnb  n  iif,  *r<  A   " 
CW'flD>l(i*n'  UKiimuiy.  t:)r 
C*r.  falKng,  ca.  of  irfav..  ni 
CK-oous<lei>.  uil..  and  ipnd.  im 
pA«-.  why   etftily   iniru. 
[duceititte 
prababllKlH  aa  10  f  n.  ifl 
Ifpct.  mo  difilnci.  44> 
bad.  imnede  lonirtnnna.  f  ^ 
Carff.e.lmilr.  tutl,  P.  It  R..*i|D 
CarfWU  (■■line   ovrr.   aetidenik 
Cura  KoclrdtMncf.  »)t        |ij8 
Can  and  rMlwtaf,  rn 

c*p*ciiT  of.  iflCfeMt,  {<},  Itf. 

elfcci  on  rap..  401    (lu 

on   car    conali-    and 
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Car- Car 

Can— £'#arinwy. 

capacity  vf.cfTect  of  narroi^ 
te»ni»  nn.  4«s.  rn 
[rantuion  ttat«  or.  %ij 
elavet  uf.  ir'i.  ^t6-\- 

C'domp,  ;r< 
coal  of  miintr'nBnce.  >f<i^-T 
ai  allrCKd  by  addiuoD*. 

TU   C,  n.nil*,»j 
cnrTaiufr,  |to 
rndtui  ol.f^i 
diiuncT.  Ki-i 
Rrnwib  af  iraflk.  iM 
blRh  ogilfact.  Itj 
lijcal  wirier.  <nj 
riae  and  (  .  >t; 
train  Icii^cEb.  i7^ 
ayrnyEC  r'J»l  '-■!,  1'«» 
per  ctni.  dr1.'i>K  lull,  frt., 

IM  and  iruckaacpa- 

\iitt.  •■«« 

paaa.  .nuuidt  and  intida, 

\rn 

ditltito'n  tc  i»0'«.  •») 

nttAIIOln    fAf*h.l57 

Chiraunrda  ,  ''j,-^ 
Kclinnt.i;.  S.  '(fo-d 
trunli  linw,  ■■?»-* 

il  yeutv  ■». 
inglllh.  •<•<* 
pet  cur  per  year.  'iiS 
csai  new.  i6t-4 

b(-i  and  *irpcl(.  drtaili.'toi 
dat  and  <ttf[  dclalli..  'v^i 
per  iKiie  N.  V.  C.  •■■ 
drprcciAtian   »f  t^-rc  abirTcX 
[ifr,  fO) 
iu>intecau4cf  f.*^'.  »-i 
dineniiuni  uf  fii,.  all  (?■»«. 
!■»..  'i/>t  u**-y 

irryit'iiea  in,  ^tj 
Kitrowan,  sm  > 

and  Am  <nHt«N_  jii 
Flcrd  rr..«i46 
friction   of,    f.rv.    fft    1-aAW 
{■r<.t.sei 
European,  ••!>.  •)« 
invention  of  An.  tar.  i>i 
load  at,  cannol  bvinlL^ti 
R,  «  W„'6«)  + 
bow  tn  cat,  prnb'k.  v> 
miltac'  «l.  <<"■■  atl  parit  IT. 
(n.ean,  idi-i  (S.,  'ijo-^ 
aterac*,  i4 
why  low,  i4] 
pau..  Ids 

ilerpina,  ■(■  [*itA 

nutnlM-r  per  Bile,  world.  *4^ 
riding  of.  and  cutTn.  ») 
Ijt  MO'  of  jrav..  *-ji 
ton-mllr^  p*r.  L'.»,  Kclk.  'fr 
ml«hE  of  (n..  M-n        \'m 
rBira    lari:*   a»d    beavy, 
mit^lt.  vparalaty.  ^viy 
pH*.  K>  lyft 

■HIT  cp-Tw  MHAvirrr.  In 
Carf  <'.apnnff*.«>n|.m'n  of.iyt 
Carwdcth,  accidenu  froD.  ■t*^ 
and  rail.  107.  )•*  * 
etnt  and  dcprtciMion  ol.  'na 
failursaon  lor'n  rda.,  iM 
nacba  and  bmb,  loc'fi,  ji^ 
■alDt.  «t.  *i«4 
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/A'DlfX. 
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Ctr-Cha 

C^f-whe*!*.  io»lni .  of— CM/MHirf. 
(inlM(  e(  lillurf,  •]>; 

p.  C-  dlW    to    tU.    IkllMt, 

tatlca4tv  I'Te  ul*  jig    [*x^*t77 

uifbclcd  by  (iu»lily,*ji7 

iMdV  and  ini1>  wh  It^ 

1**M 

loco.  *nd  lend'r  tiuclif. 

(nrnpimit*  ww.  und  ft.. 
00  oirvCTi. /.  !■.  •»»  [lUi 

flinjif  w«r.  jfiA 
rouiinii  *nr(ET<-(.  )M 

■ifC  iod  VffL  of,  *tO^  AT. 

jjiii..  I'vo" 

I',  S  .lln.Uti.  •,»« 
ttt"!  on  mm  (..  Ill     [m 
|i.  c  wi.  la  wul  of  ttuiii. 
•kiddvd.  fric,  f-t^,  *tao 
irwd.  praptr  lom,  jgl 
trrunu  lo,  >ut 
Cartlnii  »»•  af.*nd  tj,  tfilBc,  )• 

<«*i  ol.  tM 
CiMlnm  t"  iiw™..  f  <■ .  'iSJ  * 

pf>(t«Aii>  »nkl  Bnp  ,*<i*,*;*j 
Ciiiie.  mtidcnit  fi^pin,  •nj,  *>4» 
CullC'Kiunl.  |il»n  lt«,  170 
Cavcuiu  ry.  prafik.evt 
Ctnwni.  c«.  inDDM  tBralih.  «•}  4c 
Ccniut  U.  S..  ddccu  Id.  •>»■ 
lOihecwlK.  (he  mtiny  alMinKU 

of  nchiiiKa  inflic,  ■» 
Of  tra)a>  in  avi,  jjr-K 
uf  (wo  lawni.  (ir  (lii4A 

SninI  niiK'c  irnd  curve  cemp*!), 
ninl  ■>.,  alljta'i  tuiiiL.  *>«> 
C«aifal  N.  J.,  fxnm  Uain,  'jij 
HutT.  in  uock.  *t4 
Wu.  pctfufmr.  ■440 

Ccniral  Vi.,  illeooi'i  iiailM  .*>;'/ 

1).  T-  ■milchiiiL'.miif*.  "iSi 
C*niii1   Pjclf..  uliviiin't   lUi'iI,. 
lluCL  in  <icK:k,  'tt  I'jtj 

^oco.  '"Kl  Gu&rrnjdor.     d(- 
luill.  *4I0 
Uuiodon   lues-.    dciiuU, 
1*1'".  N'j 
kod  on  driven  pc.  H.  fi. 
MocuT.  4>l        [KfMt.  *4t> 
mile*  and  nrninjcB.  *;iq 
aoonola  itnilt.  *;» 
CetiuK.  for«  on  CMtm.f.ti,,  tt^ 
Q^taiDon  error  «■  it*.  301 
cffcei  on  curve  re»r>i„  iqS 
pcvilion  whf  cl^  v» 

ftittr.vxt    [tfl'i,  ••[3 

friDiU    of     objettionaMe 
lUt,  wrr   ion  vi(.  curiei. 

ttt  countrnvt*,.  44F>    [elc  .•:;« 
Ca*i.'>*i  lone  (rradrt  ift.  *'o* 

rolLinc-iIixk  per  (D'Ce.  *«? 
Cluin.   wiLli   wljcrli.  Afid   curve 
ChMin«,  iDciric.  o^-c  (ret.H  ?3i 

ndu  ^^,  *j^rf.  4 
Cluiri  lor  crow  lie V  Knenili,  laj 
L'hjLflcei^  iheory  of.  B64  A 
Clunulc,  O..  oil   loco,   ^heiion. 

Eiioa  rail  vrear.  iv  I44) 

train  mim't*.  ii>.  nt     I'lOt 
Charlotte.  C.  A  A.,allEn*t  •Qiln.. 


Cha-Chl 

Ctnrlolw,  C.  &  A.—CnUimiua. 
aialOLHrayei.p^itf 

Oiatutioactice  River  lalL  l4< 
Cbo^linc^jtpnuripircfcrjMBi  il 

when  10  pret«f ,  iii 
Oitai  Kl*n.  fall.  ^<  f^l 

Ctl(Hp(al»  A  O  .  aJIfpi't  HliiiL, 

(orve  conp'n  on,  <n% 

bo  ti-  A'ld  '1*  cQinb'n,  ^ 
Chicago,  diBlincc*  in.  140 

Cr»hn  rec'i*.  r^ 

Iraln  ipeeiil  lu.  6y> 

Kin  10  (od  (lirouBh.  It*  A 

IvtminaK  loc'n  oH  Ti 
relative  tiie.  Hf 
Cbicago    rwidi.   oil's   "P-    t*^ 
llnlnt  {irr  day, '1^4 

Iram-M.  crotvih,  *»lii 

rale*.  UllJn  m  y*.  'rift 
Cbi(- A  All'o.  *!  11(11 'I  >uiiu^*>«> 

tuci-  in  tioclc  'ft 

op'>«ili,  mil  tntniptt  il», 

niH.  fall  ..f.  't.'.  I'i7» 

Lrain-M.  ctovtb.  *iui 
Chic  A  E.  Ili.,iiliKLi'ikuiiti.,  •■ni 
ChIc,  *  G,  l'.,*iiKn'i  «uiin..».««  , 
Chic.  «  N.  W.  ilu([i.lnitiKK,*4}< 

Jufuuure  cu.  'fjji  ^ 

oila  4ni]  cunliijct.  *3i^ 

cp'|[  oil.  and  iraini |wr  day, 
Ghari,  of.ettf..  ^t        1*174 

raiev  IjII  ol.  »tiii  , 

irjiivi.l    «I*«L||,  •■o(  I 

Cbic.K  l.JtI'.Boo  ni«ook,'4»i 

miln  4])i]  cain'ca.  *;(9 

op'g  ftp.  and  ■»>■)•  p«r  day. . 

ram.  >itl  nf,  •nil  |>ij4 

traln'U.  jfrowia.  *iai 
Chic.  *  Sp['fii.aliKn"t«i«titl,».6i 
Chic,  B.  C.  a  W..  alian'i  Kaii«  . 

Chic.  M.*  0  .atlen'I  flaliil^SAa 
diuin|[-c*f.  *4ut 
dynaoioin.  (oih.  ^r 
fliui.  rn  hioct.  *t/i 
IMCH  co*l  npwn  t)ei'1«.  "ito-I 
p.  c-laborandoiAI'li.'itr. 

dimcnMont.  ecc-  *40f 
Id.  driven,  per  iq,  ft. 
brat*.  "411 
prrforiTWflCe  "TI  *440 
wl.  and  ooat.  det'lt,  "416 
lender  capactiv.naadard. 

miln  and  raminifi.  'j  14 

mnlivc-tiQWcrcaiicnUK,  i^y 
op'e*i>n  ■nd  mini  per  day. 
rawv  la"  (.1.  •ji'.  ['174 

laafllc  WTijwIh  of.  ij7 
Irain  an«]  hrtke  loata.  4^  4- 
B»lrtHiupj>ly  OB,  'jjl 
Chic.  M    «.*  Si.  Paul,  aliunnieni 

[««!i>IICK  •!«■-] 

fid^iuaircMiH  *n  •tJtk.  'tfl 
Aife^and  ntmintfi.  'fi^ 
op'c  eip.  and  Traini  per  day. 
raiet.  UTi  or.  *n6  [•1J4 

lioitxr  wnuiura  on.  no 
trsln-l*^  rfrtwth.  101 
Chief  «nR>nMr  ahmild  raaka  n- 
tconnaiuance.  tj.  iyt  « 
of  paiiy.  dullea.  Kj  . 
Child.  *cn>c  ol  difetanca.  £44 
Chill.  Inco.  pcTlnnnaiHV  m.  'ajt 
nilaray  grade  In.  *^ 


Chu-Col 

Ckotchva  nail  aOtoula,  V.  V 


r.) 


CiBCinHli.  Eric  InHinna  ■•,  >•• 

Cioc, H. CD  .alien  lal^  -rf, 

diatanca.  v^M  id.  hi 

oirva  aMfi'naft,fai.a^ 

Cine.  N.  O.  *  To-  t>.  Ma  BM 

Itcir 

So.    Rt  .    pvtfra^i  aa4     ' 

[oaduDia.  t*ai.  ru 

«a  It,  iBd  e-  coBib'n.  t^ 

Ciac.N.  O.*  Tea  P  'fn.. 


CilK. 


IkliRimeni  •utiwai,**, 
:..  tC.  f  MUh.   aiitai  ir» 


Citin.  snal.  i»  nvvton.  fl' 

asd  wuH.  UMt  ^.  )■ 
Clltt*  lilien  <fi  hiiUu^i.  t>, 
pany-KaJl  \utn.  iia 
■croxBal.  /  I' ,  Bt|  • 
liaHic  a(,  ^  i-  ,  hvatr  latsV 

Kremfi.  •ji4 
train  apevil  tieliaRtt,  r^vw 
Dark,  D    K.,  on  ■OIkum  ay 
|^«al,4A, 

in*Ti    ri-«i.'jru.<      .ft,  51) 

_    ■■  .  in 

Qtu'   .  '.al.Mlcaa, 

|H4r*4p>,ln-] 
Clearance  wac««.  Ja*.  .  f  * ,  tr< 
ClNrUlG,  ltliBlimn<-L<  lr..a   If, 
p.  C.  CUM  K-i  ' 

C1cuH>«  Meoa  . 
Ctevtlanil,  Brie  L-.  .  . 
Clcv*'d«M>r..al.cn  1 
Cle*-d  dt   l>liia.,p  .. 

Clc.'d..C.  C*  I 

|i.  t.  BWIIClli    . 
tatf^  ikfOUlIL;    -iu_ 

Iiowth.  Iiaffic.  •>•■ 
p.  c  Iscal  inMK  and 
p.  c.  iBfioufl  ciaue*.  'nt 
lona  iitd  Eiia--£jk^  R  ^ 

train'Inad  gminti.  *i4i 
CI«»'d,T,  V,  «  Vf..  ati(B'i  nai^K, 
IM. 
Oev'd.  Ml.V.ft  D...alln'i  ttaDK. 

poMcv-bani  Ir««lci.  «» 
CmI.  con  i«r  too.  U.  S,  ip 
Itta.  per  c^r  and  ens-  <b.  imC 

.i.r  Poal  . 
thip'n  wrv,  econmay  id.  ttt 
Med  a>  S.  V.  leraiiiult.  'bt 
car.f.r..  earn  bovr.  'nt 
tnina.  opcmtn^.  "i^i  C 

afpw.  tn>tai.4jT 
•HUB  aaid  ry.  acciitcnn.  »>j 
Coeln.  locc«..  coat.  411 
Colbors. Z-.  I0C-  IraiB,  1^- 
CnllifiB.  C-.  DOdiu^ne.  7*] 
Cotliiiinc. cauiev of .  ti* 
Colceado:   area.  ptv'B.  hjitflgi.  v 
C-  op^  cap»  vankinir*  p^r  biV 
and  bcKl.  •9a  I  wcalik  |<«t  cao, 

dilche^  neuldr  iIlnafOttL  tj; 
elrialm-.*-  4^kt-  fa> 
■7»..  cuar.  rA*.  09a 
eiainp«(,»ut 
iraulEe  of.  A«4 
Colo.  Ctnic.  a!iKn~i  tuuMt.  Sit 


C«l-C«n 

■  C  «l  c.r  c  twitch- 

lHU  ,  ir  ■    ,  Il>(Ui:it>.  Ul  -I- 

f(kir»^'-<,    lri;inguUr    countf  of, 

*eA1    ITpshF    fthiC-   j! 

rtnik***  iif>r*-**i  - 

np(>-uttonol  cor*  .if.r.ciw 
vpriniun.  Ffl«i  «n  p  t.  op*c 
Imp  .  BS4 
binpniTktc  riic*  wi  nun-camp,. 
iSrr  'JWouKh  AAd  LocAl, )  [)i 
•it*  (fsm  door  In  4«or,  )i 
on  v«r]r  Jmii  h^ul.  ii) 

end  diAUncf  nn,  atf 
BW»g»*l  tnlnMi.  •■»J^  'iiT 

loooBou***.  eb*Acn  tor.  i)j 
ip«*iilloa  ol  ml. «..  tS; 
ipwwio*.  tBC» .  f.*.  lea  and 
tl!»i(i,  tjo 
MKmruIni   mliunia.    ■un 

IMMIKIC*.  'ip) 

oaMRtc  Inr  ptil«»><>,  -»1 
•^».  HkimiI*  del.  Iw'n  •).  tk 
iMrAcnwnit  <nii'>.  dmI  <diI  rlTr. 
Il>inb)r.>i(«  ['ii.A 

^Mlac.  (Mtci  on  *iii< .  tiiijulnv. 

lalhaf  wlwcta,  119  iitB 

VotaftJf  iajnrimt.  «^ 

R««tt«t  nn  pnanlon  or  Hnti. 

won  dtupiiun.  >lj  (rfi 

"^BRSetklll:  jrrjL,  |riit)'p,«ldinu^ 

PL «.  op'r  ctf> .  caintn|:i  ptt  tn, 

ftfid  bMd.  *fDi  whlIlIi  per  ««p., 

■■6 

^DBOKIion*.  ihon.  ilninibli.  >ia 

lana*ll«illc  *  So-  f*nn ,  na» 

teo.  Mt 

lotnOlldBifaa  two.  f,f„  iHiKin 

lot.  nl 

mott  «*vd  (Ml  hmvy  rurm. 

on  ij^ti.  ndm.  i;^  [id.  >Si 

^caMruc(>"n.  AtiflnHaninir.  ^tj 
a  printi  biAit  of.  iH 
'cbcaii  ud  UMT.^  ^ 
COM  or.  aM  •DcWtsit.  Ill  14 
■ad  ekbk  irutiwi.  i$t 
cum  llmli.  *)t        |6m 
iDdfp'l  muni    iracki. 
■wNlktwkk  ttt.  «ia  - 
■mkouia,  ;<) 
bmd  linn  roai  iDiVit.4ad 
tvji"  T»  «r  ■■TW  »■  ••»•  II- 

IJ^G  TOO  ■•(Vlt  dUW  TOO 

<»nonl(in|E.   isfc  dirrc 

(ri<>m[Ar.t)),;ir 

COKIon  •■!,  ol  dllUlK*. 

lot 

dwinrvof  increulni.  iij 

Miimitint.  f )( 

by  *vc.  Bj]  ;«*■ 

ocmlflr   f.r.   iiluirorXh 

in  ColonUIO.  Mt  «it< 

MrakJD  r'y.  tir  (*?I)  * 
p.  t,  etm  n'loH  imn*. 
loS-G.  ■  Hilnottwm.S;! 
dneirealj  dialf'd  on  lin<. 
isiir  or.  )«i  !iio 
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Can-Cul 

CcaiEroct  ton — f^^vf  « w.iL 

dnd  mm  nnif  amiatilf,  jla 

ordFf  f^r  ii  lTic  Id,  j<.i 

paMpaniiiK.  V. 

■ioiiar  tt'd  fur  >iT1  lincv.  rjr 

ttmpnn'V,  f .:'..  ti(  A 
ContriHLivr  milnuEf.  vtf.  f^i 
Coaioor  lino.  luiuri  *iid  «ti„  3;i 
rrnir*  in  rTi acinic,  t^ 

ttitp4.  rt^«ci  I  'Kik'H  At  iii»  Ik 
^od  anri  bJd.  ct,.  UB 
Cenlncwn  irid  itmrnu  nJj 

««|inxa(q  Dy.  riu 
C^tkt^nirnrr-   of  f'Uf«r.   c--jn«ul(- 
Cofltaentftrrr  Irviv  <f  i     l^ntf.  s> 
Cortt.  writ  p*r  njik  tj..  *y> 
Cotnlicld.  looiinH  <hmuc>i.dj>-f 
Corpomton,  modtrn  ry.,  vi 

■nd  Kirndt-crooiagik  li> 

«rron  of.  r^  A 
CorpinChriMi.  rrror  *i.  r» 
Corwi,  fiHiu  in  Mf  xico.  v«lr 
Conon*b*1n.  ixr  milf  tj  .  *u> 

<laili  *ad  inmp'D,  oaBurre 

Court wrwrie'i It,  toco.  wi,,'|ij-^ 

nnirif.  forvdir.  «(> 

cfl'vE  Ol*  brii]jt<4,  447 
Ciu|ikirr.  <Ar.  f  T-,.  ate 
Coupiinir«.  (sr.  y  r  ,  floftc,  ntffd* 

lnr?n»fikrtjf  k(.  ^j     [«d,  1(4 

■Ikik.  r-i- .  illw.  ijS 

uniiEih  of.  ini)  Kfidn.  jirt 

tlircr  ciirldilETirit  tor.  1A4 
ivlicn  nn  •*  b'tAen.  )«1 
CouT'riy  ■'(  •inpl.>j«'-rt 
Couniiy  (*nn«rfiil  mntilll.tjd 

inifCflinc  (ildn.  Ha 
Cfft'tfL  tcap.  Ineo.,  ^146-^ 
Ckiio'  hill,  (nfiiDun  of.  1*5 

Crruxil,  trorliiB  (ng.  u«i  U.  m 
w  to  vIejiD  prwurr.  474 
Cnikci  u>d  ry   •cculrms  >)) 
CVuuinjH.  gndt.  »•'-■  Kcrdfou 

f  Ji.  •.4« 

t^mm  mtvam  ploTlinff.  ft^l.  Kv; 

rod"  for.  P44 
CrcM-tei.  burnt  Lining.  114.  ii} 
CTtieHXmir.  i9fl 

CD«I  of.  AVfHAIltC.  104 

puiilnE  In  inck.  itj 
OMI  of  ouinl.  L'.  S.  K«iliiiu. 


■d>.  1 »,  IM.4 


rjriout  mni  ,  .._  . 
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4i.  iiwhiint  r'r  vroaln,  tic.. 

SljT-i  »t  (uryrt.  f.if 

Spill'  -  .    . n  (.la n l(,  ji* 

&pir*l«.  Aniti'i  riv«r.  6^4 

lii^cc  A  Iviiiiek  ijrp'lf^T* 
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Er^pifOfl.  untrF.  fflfcl  *>*.  (£4 
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iwooppoait*  cnon  in,  >)( 
Bsrop*.  chaapvM  r^  to,  '45 
powtll  r'yi,  »tt 


Eur-Cxp 

Europe — £>«<  •  at  J. 

pu>.  iraint  In.  gl  [*ti 

p(«p^n.  r'yi.  wcwtti.  etc..  "r^, 
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Cliaouli.  O..  >•(.  {)«  — 

guild.  J,  W,.ii, 
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Find  (livi[a.  dcTo,  1} 
BAtnre  0I.  iciA 
nl,  km.  «(.  •)-(■]  A 
Fl4K  lo'  tralni.  how  C44rl«tf .  ■(■ 
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4«MI)*,  j» 
mlo-Madi  IB.  MUl  Aa-  tn 
mill-twin.  iB«v  ff.  trf 

PnacM,  CbiK.  dtaatWB  Vf.  ^ 
Fr*(   ooaabmn   ••*   *i'i  -^ 

111.  .».- 
Prdtbl   aDd   i*M. 

Fnlctat  can  r-*-  P"  " 

W<WU.4| 

canlon,  «•>-  Uiiv'  'id  I 

pa>  kBrf,  do  .  •»  I 

MMOl.  wMtal.  •.!  JU  $.•«•  j 

mOte.  f-c  11  4.  bIL  KOMkl 

tniiu,f.r.,  (RL.  teodi^taA  r 

Iir.  %  MoM^       ' 

eiMib  Of  Iaa4.  t»  iMJ 

Fivnoni  yun^  ,  *i«it  « 

PioImu  tikd  •aruciw*^  <••] 

FRToaR.  (M.  br,  IncDi  nM 

!■ 

FrtciMa  mad  k*u.  JonaiiL  tM 

40P-4  lor  KM'c  Wlaa*.  iM 

<■  ■■Kicd  b*  •«>.  •« 

bf  tab-B,  (o*.  »n~* 

bT  ««•,.  »«4-i.  »in 

by  OMl  (nc  mM.*^ 

Snlooi*    ■•(■(II 
'•■  vt.  «•* 
biabn.  f.r..  4t_  ,04 
imke-alKM  sad  wbola.  ^«* 
CAT-wbrcla.  >l« 


^nnr-<i>bf«i&  4i< 


Kpu  .('|[4.<mlUi,*ic,(T.  4>. 
o.  diiirm.  list,  *H       Im» 
■■fin'ntalbli  ^  Mm 


iml  and  wmk  o<,  *i(» 
npr.«culk.*MS 


01  rciu.«aa 

■MsUT*.  sbnt «  no,  at 

•lnddM>bcali.*^a 

•M<-««l*v   i<t 

ti»niir    . 

MMiC'  -'>t 

FrkttsB^  "   nctt 

Fnk*  •*.— .  I.. * 

■ad   4*«(»a,  !■ 

Fntt  1^  btak*a  nt*.  .  < 

Fit.  HainnL  *mt^.S.< 

oa  BaclMb  hhI  toMW 

Fntl,  cnuumiunii  oL  ■!> 

inlB-)n0li_  '.^ 
da*  w  bu4  nuM,  sy - 

[41*.^, 
ptfaOt,*}!* 

wwct-jw  

dmdnvnn  by  MtT-,  py 
JH»»  11.  H>. 

fMMdMLm 

MttfVmwK.  >44 

■t,  •<•■«■■.  1*1 1 

k»i 
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Fu«-Ora 

caum  at  wlatlaD.  >«■ 
CB-Ao.,  Kaitaeyoo, 


ptrjaB-nllr.  *■•>        [10 
trunk  lti>«.  •i7>j{ 


^luffo  nil, ,  ^4f 4-^  ~ 
•MUOnLt.'.  S..  fiHU 


«)Nt«d  Inm  ■iiwltc«UKk,  410 

bOIUOlEt  id,  *tv^ 

high  Ud  low  K|>nt(}t^  ttt> 

pcroimile.  !■.  K.  K.;*i(d 
II.  P..  VIull.  'itv 

■nin-mil*   I'.  K.  R,  Ibi.. 
t«i,  •!»  1*140 

nLt  of  coBbiWian.  tn 
lermiiMl  vmiiwc  oI,  kd 
mtUMTC  of.  Djr  blut,  4m 
wood  n.  1 1« 

■mt.  bumtd  R  *  K„  *sn 
Turoiiurr,  L".  S  t*I<k.  ••( 
Fuiniiunctr,  C  A  N.  W.,  ■«« 
uttm  Ktawib.  f.v.,  «i  (laac 
["IB.  >« 
noi  w  be  a  I  d  lu  *l>e*i].  n 

a.  value  fjf»  jji 

tlftlivn.  D,,  Hp'uon  bnke«H  >pp* 
.C»iKr.>I«l'o.  ill  [iM-i.  4«) 

ud  nm  mill,  joj 

ii*rT»w.  f.p.,  p<«>  kDd  coni. 
lighi.  cUmi  on  dhMlLiS) 
CcnenI  und  lu'ii  cupcoKi.  11*. 

M  iilfrud  bv  dlfunce.  ma 

caaldcnble  dfff'i,  in 
no.  inin*.  tit 
of  cir  rtpain,  rCo 
oJ  lot  rrp»in,  •■»)■> 
General  oActrt  ind  clerin,  nit. 
ICTiiUKO  r'dfc  •ir4'« 
Mdioni.  V,  S,.  •<ro-a 
IrgnJi  linn.  *>rt-4   IIcn<«.  >i> 
nai«iHc  and  Mmnicrc'l  uccl- 
dURniu.(u«*d.  iBf 
rC«Drf[««wn.  loiriird.  Ma  + 
GcisfBiA.     alii;"''     it>tmi-.    *f*l4[ 
arcA,   pop'n,  mlinfi.  i^x.  opf. 
*lp,.   *vninei    (tf    milt    and 
bcrifl.  *.y>;  WEAlch  ^r  ftp.  *i6 
Cvor^ia  I'y.  .iliRfi^r  h'-A(iti-.*iA4 

pi1f-4riTri  <ir.  'lyo 
<^eriDjnf ,  4lht>n'i  tlaliH..  'jA^ 

•■((■IsoiFi  in,  lii 

foat  WD*anption  fvr  m,,  t)t 

■nwih  r>  •itwm,  44 

lOCM.,  UIc  nl.  *4I« 

no.  wd  Konioit,  ■lie 
hich  MMdi-prca.,  *ii9 

papul'n    r'r*>    malib,    tu.. 

rlini;4tOf  k-  (ruVic,  elc,.  '41 
li  f>  KOde.  •«» 
data  can.  di  mcoL,  ttc-.  *4lA-f 
111114a*   and    r'r   <onni,. 

("y.  condcniitd   proBIc, 

leo«-» 

Gomnine  pmoH  (01  tnda-tinn, 

[•11 
Gndlni.  p.  C-  eoal  to  total,  *jtj. 
■tiling  t>ir  Iciin.  ti>  (cA    |*iu 
OMtoI.or   ml-orctlnnvi,  74^ 


Cr>d» 
Grade <oiMtrv<.dcf ,  fl?( 

ciamnlEt.  <,:>,  tii,  i.!^ 
bwii  1  uppiua-  lu,  error. 

HM  In  projcclmc.  ttn 
Grade  eroBiaii  and  curveUinlit. 

4HO     tVTafLOCBIHO,     J»f. 
old  lint*.  (M-}       (tgg 
Uwiaa  la,lit 
GnAt*.  Kciilenlioa.a*!) 
and  QuftuMinic  vcl-«  146 
and  n>tf  and  f-.diatincl.,  uf^ 
aai.   tag  ,  f.r„    laflogout. 
f uft, Coo 
bad  noi  aliiray«  ditaiial.  jlj 
balance  of.  br  ani.  enga.,  i^i 
hrunaquit  Inllic,  ««■ 
din.  lot  nsbclaiatran. 
eaample.6ir  |£i7 

eironincoiBpiilinji.6ii 
liraciical  ctMiBid'na.  <.|i 

TABI.1     I»>       AU.      cox. 
iDltloHI.  (>II 

breaki  ol.  oieaauie  con  liw 
[and  L.  1(4 
bunchrd.  U(  4-.  4*V 

(.W  Aiw.  Kngrnt-.) 
Changs  la.  conip  'len  "lib 
(dill,  tucea.,  m 
choice  ol,  4f4 

(iKHaaAt  auLi  poa,  44« 
campariton    of    jniiber    and 
[uniloriD,  044  -i- 
<0(t  ol.  <&> 
aaafl'dbyrpihdlvition.yp 
<b»p  put,  iratTii,  ](o 
concluaiont  n  10.  ^71 
dlll.lM  ibmuihiiid  iiuanrt 
(gr.M..  «ji- 
due  to  "or1[iHi>Tdonc,j&9 
iDtereat  ttiaige  on  new  loci , 

C«T  dally  irain  and  inn-m.. 

Pleach  «l-.  'jj* 
Germu  eal..  f  r« 
VA1.VI    ^t    arorpmo   ik^ 

!£»•*«,  )r4 

dt/itela^  del  n.  Ml-  J-*S 

deaccnding,      wTien      biakcv 

(needed,  174 

dJudtaaiaim  nnt  vliuble.  vd 

effect  00  Inc.  and  car  reiialn. 

[•») 

oa  net  iraia-ld.,  dlag., 

00  tnln.loBd.  })A 
euiruupg  b)r«v«,  (^  -(- 
fiilaanwtof,  *;) 

and  innndaliona,  fi} 
blgk.  cau***  lavorlnt.  C71 
eipedif  nu  Inr  red  g.  An 
great  incline*  id  lOrld. 

handling  Ira  1114  on,  dilrr. 

p.  «,  wi.  (OK.  on.  Wi> 

leL  loin  I'd*  on,  *Mt 

■peed  on.  i^ 
how  eiprfwd.  )|} 

Hi  KncUnd.  })> 
hulDpa  in.  danerrDut,  ft5r 
bydnulic  grade  line.  St% 
ilDproring,  and  more  traffic. 
[cAinp.  valufi.  113 

double  track.  M 


Qrada* 

Ora  tl«i— ( V*J  *  *ti*4- 

impniTiOE.  loco,   f.r.  4e«lga 
lao  obnaelc,  418  — 
on  eld  linea,  )H 
inli«r«n<  obitctlont  W.  jM 
Urtgular.  cncci  ODrMLir'ni, 

Icnglb  of.  effect  iin  viri-  nrs- 

liiic.m 

ptr  tea.,  botu.  and  along 

[ilope,  *iti 

level,  hardly  eaiM.  i|i 

limH  VclT^t,  And  raiMflr49r«m 

li>rat^nE.  iicld-iToik  for.Uj-f 

vtleellBg  rale.  Af) 
long,  errof*  ••  lo.  jag 

nonRBl  in  the  itarld,  ^j 
twiichbadtafor,^] 
I0M  ol  WI,  on.  ;)4 
low.  adaplina  to  lopog'r,  «$ 
eonpeiu  K  ("r  <urve>,«a« 
projecting.  ««a  («tt 

rvdwclog,  Ml 
wroog  uae  ol,  Cji 
nomcDluin,  del.  and  ei..  144 
motion  ol  ifaina  on.  )4>  + 
objeciiao>|a.iwodlnuicl.J«f 
ot  repote,  dofi.  141 
uWe.  'id 
Prcncii.  >t» 
(uot-.alt  ■ip(«d4.*}r) 
lul  car  tn  ugt,  jAr 
one  p,c.. effect,  chanties  10.  on 
(tocci   milogp,  '(sj 
pOM.  lDCO^  i!V&  llillc.  iiv 
raa  Cbkt  ■:HAfii,a   nar  loai» 
[iiiiii  10  (iiAnaat.  m-y 
pro^cinit,  %9> 

ittt(«ni  ag'n  taller ak 

cmiai.  auL*  »■.  Ma 
lifting  bodily.  tg« 
■onit  g'a  dangeinut,  tti 
ovtr  iir«ain«i  >■) 
HlNiinc  riit.«ri 
thalLow  (utk  lud.  136.  £» 

IJfCp'u  mflic:  Afici-ECd  bir,  ^70 

rate  >>f.  it  ifl'il  by  taie,  6^j 
and  UgM  ry«,  }t4 
effect  on  (oai.  minoi  dc- 
[ud>.  ill 
fittinji  ID  ificnind.  ra..  ajq 
tib|in>Tinc  t-v\  iiA'v,  ^5 
ordpi  -"'I  imt^ruiKc.  7M 
projecting,  kn 
e,  c  WI.  eng,  is  iniia.  all 
(Rrade>.M» 
ni  MiLi  aas  f.    c. 

(•}44,f 
tmall  Ibp'cc  wiib 

ipuahcra.  "jlj 
■ICVCnii.  tv  LCWKI  riku, 
)ir«ao,  jr» 
by  more  can.  ci..  4(7  * 
relative  iinp'ee.  ex.,  m 
net  Uiod  oai.  *iTa 
niinlowtlnriill.  •Ui 
raHitaocf  of.  4^aa 

cflt<i  un  aruta  taad,  349 

un  net  load,  441 
fottnutx  fnr,  ^o 

Eaio  byoeiwentni'g.*)ly 
o«  deteribincd,  no 
rolling:  fiict.  idda  LO,  ui 
■    t.dill.. 

[A 


riling  aban  and  Iitlow. 
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Cradaa 

niUni.  iLka  likiti  at  covA- 

(tuhi.  Aji 

cScci  en  pan.  iialot.  m 

Ovt'm*  lor  Fciuclos.  Cm 

KAIUO  or  kXIKMB  rwH. 

'}*»  + 
puthM  w.  ilmuRh.  wf 
rule  lar  KdutlDE.  Wj 
^  It,  and  6*  fliaib'ci,  60 
•p«*il,  (laiir.  rStci.  r-n 
4ij>uont  on.  7(S  -r 
nui'ac,  TO  ■!.■>■.  onu  nic, 

and  [uw  inin*.  trji 
■CllUUMsd.  U.  S..  SUMI.*|JC.. 

■U^n.  «,a,  on.  *|(i 

ImpaiUDM  01  (tlcT,  (T*k). 

■wiMhbuk.a*)  -f 

T>AIH'UUD    Uai    ALU  VOK  AIX 

IWlkll  ubk).  *m 
unduUiiiiG.    V-  '•■    ud    Im- 
[irrovl'iir  old  rtMdl,  r^ 

«Itmifu;ed  ay  kpead,  14J 

error  » tf^.  ^> 

III  tie  elTi  on  pui.  I'm,  ;«• 

on  lictil  mllWAyi.  ;jj 

vafeltmiu.  ^^6 
UDllom.  hard  la  Mcnit.  ;9'^A 
Tiniul.f't'.,  aad  uiuil,  dlff,, 

lenfiln  tfiaiUB  no  Am. ,  7^ 
•tuTiiaii,    ex.  uf    cuiBjiii- 
luiioo.  '^H 

ilnc.it>°''i>o"'<>so'<i'e«i.T4r 
_!t.  Duihe^f?/.  t*rinller'y.*^ 
Nanliwtki  fe«'pit,  j>e 
Grand  Ceninl  iia,,  N.  v..cMt.  70 
Ciand  Trunk.  (>pi  and  earnmgt, 

eonpelltlTe  diudv'i.  t^a 
Gm«  aru,  iDCo-.y.T'..  act'  I,*  407^  1 0 
II.  P  p  M.  (■..  «!».,  »(4 

limtlsfor,  t)t'j 
«t,  ofldtlfer*.  p.M.fl.,  4SI 
Gmrltf,  dcf dFTAiion  ou  )|i 

aci^oiinta  incl'd  plana,  i^^q.fjA 
railMdVi.  riniurv  of,  *jid  va.t 
fji'UACAf  on.  It*  (6^1 

UlUof  Erjiiil  fet.,4g;  [714 

Gr^-11   liriiAici,  cmvv'Lir  |»r.icticp. 
currpt.  IBoJuof  il«lan  E,  ■«! 
Cufve«  AOL  <omptns*dHT'-tfi 
ruwtl  iruHi.  And  Am  .  '51^ 
fuel    #.»-.   eDOmmTi.   in.  aiijI 

cjn*f  o(  ctilT.H  i>4 
eiptQiM  Iiermfle  road,  n^ 

iDCOL,  ft.,  cninp-  mleif  on 

(curv«t,  <j4 

dutr  of.  noiDT'.  with  Am,. 

lift  oJp*n>.  *4t-3   I'jwA 

lAkiAl.  ;ier  year  per  rni:,. 

[and  Acn.,  *r(^ 

pL  <.  Utnr  and  cniicr  1. 

[•ijj  ft 

oo.  iind  *oflr  of.  •ci»-64 

Eyp«  <4  whr«f-ba*f.  41I 


®J 


Ora-Hw 

Cmt  BdUlD — fjAiiBwrf. 
no  irtdr  Gruttm)^.  Iia 
pp'C«p,.cii,  MH  p,  c,  *Ifl 
pi.w  tfVtd.  wbr  Kilmer,  'jjo 
p.  t.  op'(  eip.. 'iio,  'iji 

leosni  icodcncr,  ii4  |*»t 
ncu,  p.  inbAb,  pAKt.  And  (ci.. 
(oitchinc-miieag*  prap'a.  ij) 
leriuinAlA,f.v,.*ad  lers.exp., 

tnrn.mllfCDtt.eK,.  'ir* 

VIbhoIhod.  li^ 

tHGoln  ud  Am,,  'isi 

Grcsl  EuwcB  r'jr,  locca..  cual  ind 

(oiikAptr  X'-.^'W 
Uf  J  fDmamiL.  *ij> 
Greal  Inelina  ol  iir««ld.  Hqfl-g 
Gksi  Korili.  ry-.  fAUCM  mio*. 

leoM..  «Mi  ind  iDil«  per  it , 
repr.  deiAili. 'us       [•■yi 
Geuc  So-**  W.  rr- 

locot..  cm  nrw  d«IAlli^  155 
per  ion.  dcuiit,  •jir 
repAin  to  del  All,  *ui-5 
And  rtn«*Alt.  itt 
nunv  Aoiall  deulla.  i« 

E,e.  lAbor  and  ai*i'U.*ir> 
And  D«*i  In  dci'l,  *|ifi 
D0il*e-piHrer  eipi..  'tjj 

dcUllA.  'It? 

Creai  mitn  ol  (')-,  0.  S..  *;t9 
Gkai  Weuem  r'v.  faAim  imm, 

locoi.,  coit  And  Dilei  per  yr,. 

I'm.  •<(» 

p.  ino.  del  K  'nj.  "tn 
rtpr.  deiAili,  'iij 
moiire-poner   «ia..  dtuEta. 

tramcind  Tuelcoatui&p,,'i|i 
Cnen  iirrr.  I>n,  tii  it)] 

GiDHniAn.  J  .  on  lulihmlon,  jtfv 
Gi»«Ih  ol  t'y  tyiiem.  »orld.  'd 
traffic,  f  .v..  irreyuJar,  Ij 
hnw  la  (vtiiBAte.  Hy 
ratio  to  lait  innrMt,  tj 

To     ■■     ComitlOUl  OHLV 

Iron  1  -ra  )  Tu.,  (a,  li 
in  no-  enca..  Rnjtl.i  '145 

ol  lr3*A-]E>ad^^.  t..  "w-ioi 
Guadfllajm.  Mci   NaT    ItK'n  1<\ 
GunijEii;.  efftt'-  i]f,  65&  &  [jJi 

Gull^uifi:  aiea,  p'Jij"",  pimB^ 
ipiiB  and  hrjd.Acc,  •■ji 
tall  riTen<n.  En 
jen.  I'y  lUTiiiia.  'SS 
pua.  aad  frl.  Iiaul  aod  Iralo- 
ii'd,  eli„  *i, 
(St  South.) 
Gyrilion.  raitliu  f  .*■  ol,  tm 

Hdchurct.  11H,  tf^ 
Haclcmtn  ptoni  by  bid  lomloo. 
Miitinier  bloir,  ati  Its,  (9,  ft 
Kind-leiel.  uicot,  M.«47  [*i&( 
HinnibAl  It  St-1.  allRn*!  ualial, 
Harlan  Jt  Hoi.  Co.  faaA.  ear.  '^^ 
Haul,  catrst  not  a  burden  on 
[m)Re.«i 

piM.aad  rrcijtbl  CC.C-  A 
|I.,  ■*  vr«,.  it*-5 

U.  S.  and  Siau*.  >p7.  ■>>}. 

L.S.«M.S.de..  V 


Hu-lll 
Haopl,  H..  uo  imH.  cacbwi,||| 

on  incl<n«4  plM«i,  9(4 
llMd  raalMWC*  tabti,  fm 

ellecl  «o  twft,  w  - 
lUkd***  ol  mlM,  dcL  *>d  dt* 

Kmlr«B  tDumal-rricr.''-  iit 

MmUok  tatlatt.  Tarloua  Msa.1 
1 *»«?-■•  1 

Bcal'oalu  idd  cttii  ■  aiuw  4irl 
in  fiwl*.  *trD  (UMi»A.*(H.I 
IB  aiMm,  TanoUB  iHca  ,   ■» 

Heavy  (onHrwet'n.  ^  c-.  tfint  In 

lllGliwaT*,  trron  raaatlMC  'n* 

cuBulo,  Mr.  Itt, « 

gradji*  0<.  illiUM**,  tt* 

eld  tieatcaia  nwd,  041 

HlBley  rslln  jMmala.  i*j 

Hill,  A.  F,.  lont  ■»«  *Y,  .ij 

Hltl^propleii'is     -   -      '     - 

HoUaod.  aI'ko  : 

pDp-n.  r'v 

Hopper  (An.  ^idch^  ,  --ih,  ,  -> 

HDnion.  beu  line  Ilex  MyoM,  *n 

Hen«<an  bcocfit   bf  bad  lueu, 

tnacc4  S.  v..  •714 

per  iskab'l,  AriA 

loqcr,  coat  01.  1 
di-AniiKx,  jia,  *ai 


Hor*tj>o«cr,  coat 

'HniiKx,  jia,  *ai  E*nC'. 
ellKiin  *■■■  indic'A.  fit 


tncraaan  aa  p*.  '^h 
IIH.  itraB  per.  loco..  41C  + 
turn'TcoC'.  •»)■ 
ibeuni'l.  ail  proa, 
mln.,  fuel  per,  4^1^ 
t*r*a.  Ii.  Etau.  4l<.  ti* 
10  uitiite  full  ftilhealen.  *4t4 

HoTK  r't.  luiiiieM  Id  aracU,  y^ 

UoUHk  L'.  S-.  rahir,  *f 

and  r'y  iceidanu.  tft        |f>t 

HuAVAoan.  C'«clUllo4e.  *t  tnit  ifc 

Hudwn.  C  H.-loco.  uta  br,;>i 

Hudtfin  river,  laJI,  ^t 
ocular  itlua'D  cm.  v^a 
■  at"r  ot.  [W»T>  *JJ» 


Hud).  K.  Kd..  Allsbmai  uwlH. 

level  aradn  of.  in  (•■ 

1.1m  N?vyar«  C  ^  H.  R.) 


IWIH.V 


ttui.  Mular  illDa'n  aa  to.  ^^! 
HydfBuIK  na«tWlneABdB(K,f. 
Hypcrtol*,  loeiit  ol.  404     Ir^tw) 

Ik  and  lonw.  am  due  la,  u( 
[Mho '  art*,  popii..  aHlnt^  f.  c. 
iKt-  eap,.*AnilnnperaScBM 
bead.  ■vD :  wealth  yvr  ea^  St , 
ItltKitloiAir  r'y  eotarpHaai,  it 
IllloeW!  AllCOiDtBt  atalM^S": 
area,  popu.,  tM  iiiK^  p.  c,  or&l 
cap..   cArsaDt*   per   alia   au| 
ti«Ad.*fa 
InMrloclclnfl  law.  114 
WUtr  In.  quality,  AjiS 
wealth  per  eaip.,  aC 
minim  Ccnl  .  aliKn  t  SaUil.  *•»• 
DiUD.  in  iliHll,  '•« 
loeo.  old.  i*[.  »fl  detl.  *4M 
aaiiu.  irayci('.by  iieiBt.*iH 
Bilcaandeani^aa,*7i9 
epR.  eip.  and  treim  per  da). 
tau«  00.  ta>  ol.  *nA       (*ih 
■taio-M.  arowtk,  ■01 
lUuiiona,  octiUt,  f  .*.,  t«i 
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tmp~Jic 

lBp4CU,Uwe<.  t«i 
Imptmrtlbk  •!•(>,  f.T..  Mt    ll*S 
la>|irDvcinei»  e(  old  lliw*.  4.*.. 
tnc*pilono<r'|'pn)f«Uloli.  l.l.  ij 
Inclinril  |il«it.  (hNrref.  MA 
liliifiR  oir  up  br  *cI->  H] 
Inclineil  ttltnei.  RTArHf  oo,  ^jq 

luuinii  uinniti  by,  W^ 

pniA  *n4l  com,  <46  [*J7^ 

Incfu>uiiun,loca..f-r-.»uLj>ily. 

I  ndc  term  I  ndu  pnbkfni,  b>4  u- 

[|g(lon>  tt.  I 

Initi«:ln(n^.aa.udi*orkar.>>M; 

[I.  «.  af  openHog  Eip**,  *iia>: 

railway  c<|UipI.,  etc,, '43;  roll- 

meiiiKk  p«( mill.  •!• 

Induiid  I  a'«jrniDFn1iLA1ULla,*t4i 
•IVA.  pupu..  liJlfljiv  |i.  c.  ope. 
■■p..   citniqgi    pflr   piile   ud 
Iicad,*^. 
rnurlMkliv  li>i'.  Bij 
veilih,  pB  up..  16         (*)6i 
ladlaa..  D.  ft  S..  mllKn'i  uailti., 
Initlcninr  dins*,  tm.,  M  «inr)'ni, 
Ihti.ryof.  tn.4»j>- tVG 
IndlTliIuiii.  each  *  UklGc  ualt,  ;it 
tflficrnilli-t.  luaiion  M.  Ut 
IniT'*'^'*  '^vBT'  locaiion  in.  073 

Intpeciiooof  «:t<lfAJ]f.  /  r-flef- 

fnflunncc    cnat.    Chickfo     t'di. 
Ktllaiu.  t'.  S.,  'ijo-e  l*in-« 
trunk liacm,  "itj^ 
tnunhiRgv  el  fn.<m,nlR«nd 
{(Qoditloni,  16ft 
iQMTMtcaUI.  mllinR'Mwk  ptt  m., 
iMcfsn  chMgc,  nslun  a1.  isB  [%! 
coBpattniS.  uhltt,  *ti>-Sj 
how  ifftct»  locnttoo.  jj 

VII  fidd'l  lUCOL.  );u.  h>4 

on  tfunO*,  p-  c,  ot  tcv,,  Btci  jotin 


[U.  S..  •»« 
II.  uKd.  Snsluid 


InierlisrkiOB.  imi,      -   -       _ 

Ud  IWI.  tflR. .  (di  («  U.  S.,  >!!« 

gi.iilr.nTwiiip,  no,  IM, 

CUtlDt.  )lo-II 

Tnund«icacn  of  r'r  Hnct.  fflj 
Innntina  and  rnEinnrlns,  i 
lowt;  «l't|B*I  iU<7iI)ca.  ■>«>;  uv. 
populuiua,  cu..  7J 

growth  i'j%,  popB. ,  tuninat. 

[■y  earDtnin  P«'  litad.  <Ijc_  •jj, 

IV 

udinct.P^  <'^Pff  «ipr,ctc  .ija 

wnlth  pnnp.'ffi 
Iqui  que  rV.  Peru,  FdirUeloc,,%it> 
IriiKiiini  <tiicb<>.  nc.  illiu'ua  ta 

loir,  ulhninn  In.  uniaMO.  hi 
Wot..  DO.  uid  wmt<<.  *i^ 
popu..  >>!.  wmlU^  Rc..  *>j, 

r<).  •*< 

>TilllnK-ueck,iraffir,«ic..  %) 
p.  <:-  opB.  up.,  ^Hf 
iccu.  p«  iahkbi.piH.knd  f'l.. 
Ulucihiuil.  Bi'D.  ^ri  I'tDi 

Jjckwa,  L.  A  S^allitn'i  tuiinlci. 


boi 


Jal-Lak 

I.  hlfhwar  I'rd.  ^flS 
ior»e  r>  lis  ^jo 
Uac,  dCKriiflion.  qw 

lew  ijradM  naMid  (or.4f* 
nap.  ft* 

HMican  rep'ton,  a)s 
prefilr.eondenMd.ul.  rei 
lifiair  dcvel'E  od.  ^fV 
l4Da*)r  car,c«upl*r,  t*t 
jMDt.  J.  S..  t>bl(  (roai,  *i5«-fe 
Jerrlik  J.  B..  iDTColrd  loco,  inidc, 

U» 

lanmil.  elleci.  hh  of,  511,  ai> 
.M   C.  II.M'd.o« 
nu.  I'd*  on.  ji)      [lion,  *ta^ 
bnriOB,  eon.   4nd  dtprecia- 

roZTer,  ^n^^i\ 

■»ijfhi  o(,  •li'j 
bcuL  delfcu  el  e>rd>,  110  4- 

Imprand.  jii 

IricliOB. JD^  $1] 

M  anxitd  by  1*4.  jo],  611 

tipU.  U  IB.fT} 

kpp'ator,  qu 
Qonnal  id  I,  *jdf 
•urilnc.  «>  |t4A 

''Jtidgmeni."  d»nKero(  triuitng. 

IanctTon  poliiii  [or  ti'i  ciirt.  iW 
gililUbk  fltpand.  forfu(ur«ti. 
W  un  |>  r«'  r'r.  •*)        l*%t 
jMr»  »■>■.  pioille,  M 

KAnvu:  4Ra,papii-.  itdinf^,  p^c, 
DpE.c4p.,  Mintnci  per  mile  nod 
braid,  •>3,  wcaUl]   i»er  c*p..  'bA 

Kariut  Pie.,  l-»o>.  prrrcf,  *4)t 

Kimuckv.  *llen*i    tiiiiii..  'i^*: 

jlrtB.  p"i™..  tlilinm.  p.  C-  tip»- 

up-i    e'rnjnj;!    i>er    mile  and 

bead,  *gn-  wealth  per  cap,  *>rj 

Kcfiiuiliy  Over  tiridce.  wt.,  lai 

KifldTintt;  Arte.  111.  A  K.C041.  'loQ 

Kio^Dod  tunnel,  lemp'r   line. 

Ltbor.   wagM,  f.r..   Aratr,   anti 

(  Bng.'ti; 

and  nail. esn. r,i',.  •lAt-t 

loco*.,  #,:',.  deLiilk.  *!  t). 

RiUi. 'ly   ['m.'in 

Laborcf.  utt1e4  mvirknosain  <o, 
Laninir  liHo.,  ^'  r--,cflecl4f,  yZ 

wl.  and  cE»i,  •ill  + 
Lake  Bri««  W.,aIlBa'i  imi„».Ki 
Lake  lihortA  M.S., alien 'iilalln., 
diU'liiriH  uo,  ??;  ['jftl 

Chan  at  finkncul  record*  ^ 
cap'la  oft  Ml  *p**»d»  jjo 
rluctt.  tn  Mock,  *44 
[leiRht  <>f ,  npr».  on,  ifa 

renewal*  acp*rauly,*t6j 
tad  tein.  s>o 
l«o.  bollflr,  life,  'jig 


14  alef  «oppry.  *4fo 
ift»  jnd  tirn'fix.  •jjo 

fj|ive-|K>*rf.  tap.  del'ta,* 


'-|K>*rf .  tap. 
railijlloft  (cm,  ji  I 

IjOd 


MJ 


raiei,  Uiroufh  uid  w«t.  B-  A 
[W.  b-d.  n«.  III 
latl  in.  •;!« 

tutlilk<t  fn    (raff  .a^S 

full  iralT..  %£ 
len.miLc  reela,  ete..  "irj 
(rack  Hiiffj^A  ^d  ,  *>ei 
Iialn-Rtiu.  letliof,  Jil>9t» 


Lan-Loe 

LaDcailiitc  4  V,  lotu,  «pr.  dei'ld 

!•■« 

LandBCape  lEarilenmc  and  maini. 

[way,  !■• 

Laoditidei,  bxldenla  from.  *i4y 
Lap.dEf'n  of,  470  lin 

Launliardt,  eat.  by.  loc.  raif  wear, 
l.dllm«r  rcraitinif  ^ard,  ^poo 
■..ailiudei  and  depanurtt. 

u>e  of,  S8*        leompui'e.  U4 

Laliobe,  B.  H,.  eiplt.  on  adli'h'a, 

[lemp'y  linn  by.  4*}.  fsa 

Lava,  baultic.  chanwtef,  litt  I  «l 

river  o(.  giS-t> 
La  Vela  Pan,  *i>ti^ 
Lead,  loco,,  tjn 

of  frtl|I^t.  eie.  OWKiul,) 
Leu]  Title,  blfib  line  i;.  t»)  -r 
Lend  eip'i.  rarleua  rdv  and  KC- 
(licint  v.  S  ,  *■)«-< 
LcbitfbASuBi).  ioe.  Mriurmi.'Mo 

■naipui  curve,  •),!, 
MUfb  valley  aliaa'l  tullal., 'ate 

CHUolldaliou    l.ji.    inrrnttO 
[••a.  !)«,  Dj 

loc^  p*rfofaa«ce.  'ijl-v) 
HBtiiHloo.  deiaiia,  *4i.3 
Id,  on  ddreri  per  to.  (1. 
ICiate.Nii 

piH-car.  (I'd,  ai^i 

rai|.«eG<'n  and  wb'l  Ucad.  tu 

lr«k  BuDale  y'd.  ti- 
Lefel.  band,  uat  uf.  ao,  t^y 

llne,KUeiaiii|;  al,  i'h 

party,  .ircanii'n,  toi.lAy 

•Itiuc.  ati 
Leiellini;  onpreliminar'*, Ki.  Wj 
Lcwlfb*Kdl  Tyrone  alifn'i  aiatiiL, 
]■■«« 
l.ltfl.irrt,  no.  p*-\,  ijerm'la,  tjo 
Lk^Mt  lin^^i  fh  difficult  e'try,  ae  ft 
Li  tin  Hill-.  ^  M  ,  ind  W  r*ya,  yjj 
Liijli'.  r.il-iyi.  j]i 

and  careature.  7*3 

and  djat.  Icbooainif  mie),  y)i 

and  Talue  low  cradei.  ijKl^ 

COaCLC'^IOAl  AITO,  T^t 

cipedieni  eeonoinira,  741 
rel.  ealiH  of  more  imlt.  u^*y>i 
loul  MM.  1^  ft 
wby  do  not  mulufdy,  yjy 
Utfaile.  H.  V.  in,  ••»  \pn.  (■»»+ 
Lima  A  Oroya  ry. .  deyilrjpmeiit) 

prtnile,  6s*-q 
Limit inc  rurvamre,  /  r  ,  tao 

Kraiira.  r '' .  ii* 

Line.  alivH^-neiaT  ioj;ela,  lji.t4o 

beat,  lita  bryund  bfinxun,  iyj 

may  furvey'a.  bui  EVQ*recAn,, 

IK>.  of.  ioeur**y.f,ts.>u|lK 

wont  errtn  la  wrcoetelee'o, 

iSyi 

(Av  Root*.  Lociiion.  Topa(ia- 

phy  7 
Line  larv  def'n,  1** 
milnire  of,  16A 
relalLtv  real  reprv.  aiAr 
Link,   coutilirg.  f.^-.  (eecca  ■«- 
l-nt  ai.  y» 
Link-noiion,  ineentlon.  elc  ajt 
Llrerpool.  lidisfli  ai»  Aay 

•taiinn  esp.  al,  M 
Uee^iarb.  V.  8-  nto*.  **i 
Local  iRiftht,  ildlnKt  for.  *■•<  4- 
Lcsal  rale*,  f.r..  cesKanl  rufn 
(to  ihrou|b.  faa-d 


g66 


Looa-Loeo 

Lecal  iHIIIf./.  I'^Iiuc  i;<nlfi,.  m 

iciliiiind,  ti,l)<  -f,  ^',85  J  A 
eiwl  of,  t  H/.r.i.  M4 

Leutlau  tfld  inmtiiiHi  Mr*«, 
apiiiiide  («r,anil  ivpaf''-  "*" 
All  1^.  livt  in  ctioln  01  roau, 
AT.  pnulk'v  tn.  4.  5I5  ||«* 
boil.  iMumtor.  t  + 
arc  in.  'nil  wsi.  car*..  6jA  ft 

L-tttXCRUr  tOUTK  AHC*  flOU| 

(r««r  with  durpcnrMs. 

COHBICT  or.  t)I  («^ 

corTRi'ii  by  tnnt'n  curr..  t^B 
curtc  limil  and  D3poc*T.  ^1 
dUfiiHliy   ol  co«d   pnc.    in. 

taecl  on  rev..  4J 
crrvn  in,  It  coni'r  muH,  VjA 
bow  or]KiiiuT,  tit 
mm  in  mon  tanc«^i> 

CIHIIAL  «.  LIl  roi;  Mo,  6m 

nurr^ljout  it  At  to.  nkjll,  u* 
office  cBMt  •w'n,  (to  —     [i«r 
oM  Uoo.  tamaai  crron  in, 
o>m  (Rlrte  lUnc  (61  •)- 
fapcr.  f .v..  Ka  -f- 
puir  (Of,  C-j  Ej>l 

pOMibla  rlbci  oI  «lMiricTlr. 

■ui^      roa,     iH      (iiiiiiaATi 

(COUKTIV.  4« 

ninnlne  <n  (he.  H?  (itt 

•lufpctirtct  iiiic  new  rouut, 
Wt^tetii  Stjtfi.  crmn  an.  B. 

LMtl  K^mng  w.ucr,  purllT,  'jtS 
LoCDinDiin  MwiDC.  jw 

AMI   or.tJt-i-    . 
CDoipnUOE  Iron  Id*,  ut 
detc'y.  how  ttiown.  ^t^l 
cdeci  o(  «hiux«  la.  'tt^ 
ap'a  u  »,  4M  + 

MtTfOK  (MOtU    to    lOCr., 
mitfinufD.  44a  14*4 

Am  an  J  Tnr'n.  40 
Riitunnt  wbkb  UJi.  4^4 
MlCIfoiiti  for.  Ml 
Had.  (Sect,  4n 
Mvfmt,    f.f..     dnrcn, 

i«PpM««pUblt.44J 

•ptcd  don  not  albct.  4;) 

vrinbtr  ifiiX  ftumncr,  445 
Atorri.-in.  ulriiHaim  nf.  411 
dfcrcwtV  uf*.  114 
dlMCMlM*,  e(c~  4« 

invcMlon  ot,4>t    [*«tH- 
wi.    niioiH   ptifn.  v^M. 

uri  rotTuun,  f  T-..  ritt 
niii'WMy  f  .F,  *nc».,«fa 

■hMubi.  v.c..  ill 

b/  ^r^liowcr.  444 

ud  IfMtlvr  p..  *tfj 
bibN-««tlc.  lltB.  *« 

tbOtoK'o  and  evjy  BtMo 

aiui.  nrlB.  44* 
dcictcnef  la  ■oirn'.how 
lilwwa.«is 
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Locomotive 

Locanot  1  it—  i't»tiiiuJ. 

•okler   power,  ditcnn  ol 


;fi«lncy  huh,  m  (*t>4 
osr^Hsred  In.  '454 


■P« 


bollerluL  ~  Itse 
((Of.  »t» 
«<np  n.  »««n>*  m*.  **) 

MpkstMU.  *14; 

brc-bciH,  Wiv.  *4i? 
(r4(t«r»».  •4» 

•IM.  *40J-410 

■rue  UM  and  load  «• 

(diinra,  •40 

III',  p«r  s).  Il  CO",  A\ 

tncruiuuo*.  ami.    AvXt. 

Ricnuunc  ulku  in  •our; 

IM.«<alp«>b.p„  *itt 

lilcafbiJW.Vo 
toia  of  heal  in.  t.t„  *4t( 
low  wuR,  sain  by.  m 
pA»    asd     re  I     anne* 
[UBM  k.  4=, 
p.  c  (IGciency.  4tr      Iva 
povarmuHired  m  ft.  lua-, 
nduu«a.f.*..w>nwr  wd 
(Ma.,  tsl 
•boll,  (kjcluicw.  •4- 
raao.   tbs.  )■[  b.p.,  ■«-. 

pmoure.  *4ii«'** 
boilcf  and  eOC*.,  *«m 
c«aa(   down,  cC'i. 

hl«ber.  «l(Kt.  4(«.  4<3 
biKh.  Of*,  and  SwIH. 

tawrii  of.  «t)<4 

•Maa  >J|«<     add     b. 
|pn«i..  4« 
ICBdincy  !u  inil  K  b.,  401 
tuTwa,  J1I4  v4.  *49o 
no,  vul  flM,  'fo^-io 
wt.  and  coii*4»i- 
waibiaii  ooL,  ■4K 
water  ui|>ply.qB*liTy.  "jjt 
w*)Bh<  ol.'^r- 1 1  ,*  1 1  j-4 
s'W,  fc.  all  iur<i  •*) 
{oM'lt.  ■•30.  •414  * 
10  laci'ic  bailcf  powet 

(lop.  C-.*B 

nwt  and  nuoi,  *(>r- 

(ii.  *aM 
coal  bunwd  per  nilt,  ■119 
Rafftifeh.  *ii4-t 
|>CM  R.tiaa.,>i)4 
«««9aaBd.  <baarcta.  <  j» 
ComoIUdUmi  L.   r-p..   d«rB 
[ud  ni||>n.  411 
trl,  /  p-  Iratt.  powtr,  kj 
<hanir  in.  Frnna.  tt..*t>4i  < 
iflenucidutcof.ii4  1 

moii  BKd  on  lieary         | 
(eBrT«.>()  I 
wn.  o(  dilL  (Uaa,  t».  rt« ' 

*HbMUpMU.*o»     I»)i4|' 

ew  aew.  ib  in*a  and  wu.. 
Aa.   aad  BaK.   pR  ton.  1 
Td«X-4i.' 
aa  aOMMd  by  WL.  «i<., . 


L- 
LoMMOtli 


dMall^  > 


l»*l 


pMton.  -  , 

coue<ep(r>'     . 

aa  atf'd  by  ki.  tm^^  «■ 

aat>qabHa.«u  + 

COW    of    Aaabla    no.  to 

doawi  WL  tut  aaat  aHft,  . 

m-lwd  labDi.Aa.a3 

[bntca.  •4<i  a 

ret  yof .  'irf  * 


•bop  *ad  ctnl  ao-,  •u^ 

aniullbg  wia. 

all  C7U.  and  drinn. 


all  C7U.  and  dnnrii'M 
■Bd  iMppliic  II  nnn.  J 


bMh  pmaufc.  aBt- c> 


OMPfiaied 
Cal'OS.   so 
d«*H«nrT.    bo' 


t<n«~*P> 

B 


:w    ibim. 


bUawKb  •«»><.  av 
•tpanaioa.  ibBora-  ^a 

pnciHil  L-SK4.  .•• 
ibdutsr  Jiica..  'trt-r 

IlLtB  of.  ■(.    f-.rt 

lomt  or  elTi'.  riwl,  a 
ol  In.  «■  ud  •pmChi 

a(IC9  loo  Utlla,  4^4 
raUD  ID  wi.   «■   Aiwia 

nuptat  K  parak  tat  b|. 

•md.   (OkI   ol  tt*J|L 

..-        -,  '•>•  + 

vuMd  caaDr- *n 

tat.  to  Inoaaia  cjt.  p.  a 

■brafcott  bv  L  aaaoa. 

«TilBt«ii.  eoM  o>  ka.  B>i! 


•4   4n«a 

dwd—u.  of  Hie  lM|t.  aa 
eslniavd  wavrn.  4» 
larc*    cyta    dlntraai 

l«d«idlar,Jlr!^"" 
l«*>B<(n»b«.**>a 
faihalif>.    ouaa^   |>^ 

InUIMl.  MHMS.  jlfc  «1 

■oca*-,  n* 

■■>■  Bi,  wiri  uM-i    n>  da 

("'  •• 

talnS»  - 

llaMt  i-a  uai  »,4U>,  ■« 
lactaal  «4aT.  ^B 
n»"*w<*i.t«.  ™     Py. 
P  c  awnaaad.  f  %%, 
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Locomotiva 

(llai*nuani  ol  D^-iler.  *taj-4i<i 
cntmnCTH  '^iv" 

tn..  Gt  C*tf.  Ry,r*ii» 
rnoM  pooKiful  la  *urld. 

Til*  (IIR ,  rt7 

T>*1»»    c*     Ml.   -nrM, 

l**W-l>S,  "Ml 

nrion  tos .  •>« 
CiiniinBi  M(  yt>u.  Am.  >nd 

•reirani.  L.S..  •!» 
FatfUt.  iM.',  ftfiO  utr,  4J4 

In  Miair^v,  >|ii 
(MUJt,    m.   and    <4«r.   •«», 

tn.  Inn  .  ep'ffcondttionik,  47I 
irittian  Teui(..f,v..  of.  i>> 
fuel  ^,  r.  »amiti&.  llettt.  1^5 
tuiurc     loip(«t'u,     natible 

taadllni  locot.,  tif«aliinK   >n 
.        [I"".  iW 

drcxiiu   firo,    liicl   la«I. 

Am  iri  TITttiiUE.  f4l         [144 

bttdTy  riic'n^f  anil  l>T«Ak' 

runnmt  UickwuJ,  4^ 
%at\M't  of,  how  done,  ^t 

a*ise   hiiTKi   K.  nnr*. 

htilhlMDI.  of  Kf>V..  >TI 

bonC'Povcf       ta      practice, 

nitDpuiliiK  da.,  ))8 
inwroi   v)un|<   no.   due   to 

lUBlutuna  tA.Yrf\' 
and  cridci.  ]ij 

and  boiler,  vA 

lipilu  10  Work  Qf ,  )99 

«IIUK*cl.4m  ind  Biirop*n, 
[■i«.'iM-fo 
M  aSntnl  by  aHc  ■41* 
C,  B  Ay,  Mwatx,  rjj 
vtaf  floral  Liin«  in  tutlvT-. 
iFft.  /  -'..  •14;        'lot,  143 

B»   m.ii,  S   V.  C-,  'li) 
A^is.  K  k.  (utL  and  fr'i. 

__  (■W.')Td4.'H...',.J 

run  in  Rcnrrsl  omc*.  14V 
tpctul  fif  rlqmuncd.  •411) 
•wlubiDg.    q~v„     prop'n 
ftDilmirc,  ri5 
lite  bt,  •■«),•, >B-,.>.]| 

natlilnrtf.  bretluKft  of,  •447 

ta*r  nfw,  •411  4- 

n-tnt'il  tlrnenij  ot.  4J1 

llsk  moiiun.  til 

R»in,  •.J) 

Widt.Vilve.  ftic.  of,  tt' 

vilve-gnr.  ,^ 

"UMlU'Of.  "(oe,",,,* 
KlltOiIon  kxo,,));  [<1J 

Cfl.iodidh.truL  power. 

dlOcndom,  ttc,.  ^la 

incrnttd  iHc  ot.  114 
MDmlT.x...defo.^ 

dimtniKiai,  «K,.  •4e« 


Locomotive 

I.,ooamai  W*-  Cr^itn  >.td. 

^o^*i\  loc-^ .  IP4X,  hX  |d9 
RioitTC-pOHflr   ror-ird,   Wqd. 
iKk.i*,,-!,,  •140 
oumber  0).  Taiious  louuirki. 

Bnitlmti.  *i4S 
per  mile  all  counirit*.*i>. 
L'*7.  'UK  ••& 
leciionO  &.•«) 
Na.  of  kCiwiiM  Erin-e>  id,  *4I} 
pAMeniEer  l.tCOblcontuiDpuoo 
lliGhr.  1)1 
Er>dei>n«l  liule,  479 
nRd  taucti  Irwi  pV,  4a 
poxar  limited   be  IwilVr. 

pnfamUDCe      of     Amcriua 
llua,  [lonit  Ubic),  *tit 
Mattodon  loco,,  *4ia 
r*il-a«ar.  f,  <<.,du«  to,  in  A 
repun.  c<at  of.  1  m 

M  aOecwd  t>t  aligs't.  *iU 
cImh  of  cnirinr,  *i4d-d 
cumiMre,  )ii 

radius  or,  041 
dlat>D<c.  m 

tnutr^:n44ini[i^  m4 
nRtli  ol  tiaint.  yia 
rluand  fall,  jr) 
■'I  fd  eocint,  144,  %i% 
*v.  CtiiOKO  r'd».  *im-4 
tKUonaU.  $  .  *i7a-» 
tnnli  linn,  'ift-d 
Clcanlfir.  147 
dcuitt  By  iwim.  *>ii  -) 
deicrlortflion.   cauftct  for 
^acid  raiet,  r**-^ 
diambullon  Vf  cau«at.*»3 

T«  uxo.  rMii.  I)) 
effect  RTOvrlh  ^-v.   traffic 
(en,  i]iA 
EnL-liih,  •!}) 
and  American ,  |r 
deuiln,  •••4 

filliiiM.  •.4}  (iji 

gin'l  up  often  Roltnc'd, 

iJVr  Motive  I"o»-»r  1 
aen.  re[i'f»,  Irtii'ty.  4» 
labiir  4nd   iiiatji.  Auier. 

[nnd  fur<i][n,  *r4)->ft 
MlK,  <u.,   Uf 
minor  dttaili  tiiiaaTA,*i4f 
pHinlinU-  *I4) 
phw  and  fr  i.  *t4t 
DAiit   hiiianr  of.  (.'..  B.  A 
[O  .  .53 

I'CRM.  R..1J  y  ri.  i4f> 
p,  i^   >n  (hop,  P.   R-  R., 

[■.40 

Ii,e.  tineualt,  •i46-I.*j6j 

p.c,   riJBtid.hoMe  repVi, 

[•■4l-<>  •'4» 

per  yea(  prr  •ngiw.  Am, 

[and  Kni;,.*i)v 

runnlntr  se^r,  *i4i 

■Iiop,   t'Alei.  and  ceneni 

(f.i-.  eip.,  itl 

Mndcn.  /.v..  "Ul-frl 

imcln.  ».p..  •141        !•.'*• 

irunk'line  op.  m  yn. 

reiiuanc*  of.  ae'pe.  •!*(.*«» 

eic>rrim'ia.  ir.;'-.  «i  10.  ej* 

acturaie,  diffic'l.  jt) 
coupled     dliier^    «<ni 
(for.  JJ4-J 


Li>comotjvo 
Laconoi  ivc— OUi  ■•«;. 

miniance     ~A,    in     pra<i(oe. 

bead,  at  bi(Eh  4pe>rd.  *5>j 
•nvr  by  neiilKoiic.  f  11 
bunoal,  no   «■   on   nl. 
(lirtion,  511 
maeb'y  wparantlr,  ««-) 
»bobab;.i  avt..  ))■  4- 
allde-nlve  frte,.  tji 
true  cett  for  deteiininLn|{, 
ronnine  crar,  ^41  IrH 

Am..    diMincilTe    pecuii' 

\i.ti  ElC^  4)  r-} 

nHnpamiitc     ufety     on 
{(urvfi,  dtaR..  4)1 
raupled    driien,    exua 
[Iric  04- » 
drivins-ubnl  bote.  ruia. 
Ilion  01,  41J 
torclRn.hardon  itatk,  41} 
hammer-blow.  447 
H-  P.  mntmliaitile,  (ji 
jcjurnjith.  kicei,  440, 
load   en   tlfln.   T"'  K].! 
f«r*te,*4; 
alippint  drivers,  >«},  k 

llret.  (oti  f.i'.  naliu..  > 
true  It,  mtcbaoici  of,  4 

■reisbt  and  cMI,  *«i)-h 
M* 

wh«et-baH  itngilu, 

(■4o^•» 

wtiiel-««i',  C.  A  A.  r**. 

runa,  tendency  la  Inct'ia,  iCq 
(URing  ft',  nowrief,  u>« 
4b(i]|,  elfvcii?!.  quo  ^e>4 

awitcbinf .  ^.r..  def.  and  uae, 

nu  ^.  Y.  termmati,  "Sio 

per  cini  of,  ■ett'tia  U  S-. 
I'll. 
Uuk  loc*.  a*  ■«,  eni*..  yi* 

wbyadnalas'a,  Mi.s}4 
Isn'vrhert,  dtrn.  *4«j 

itime  riPHoni.  ci<  .*4«* 
1heorrtk»J  Jctrit,  mnet  aerl* 
Three  fr'ircci  w\.  va     (ou*.  D9 

dfticiency.  bow  thowv, 

TnA^-ni-a  rowav,  ^.v..  434 
ai«r*|[<l>eltteea  tuifona. 

oempareil    wllk  dnslo 

Item,};! 

■II  ctK  and  dfiiei^i  ■470 

•■  modiJiHl  by  ipBid,  14a 

bylyi*  of  rng.,  ••» 

{aoMt  nf  HiKi'm  in.  *itu 

Ccimpafal^,  cylinder  aod 

[adh..  ji) 

compared     with      botier 

(powee.  4)r-) 

wtlh  wcl^hl.  a  I  rrudrv 

de6i:icncf,    how    iliown, 

fcooooy    ol     MIy  m- 

.(ptejlns.  j*7 

tScet   low   boiler  pma, 

rrtnch   praeclcc    m  to. 
(Mi 
bead  ntiiunce,  ■jib-ii 
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Loe-Lw 

tnciln  fomtt,  hiith  tpr*!!, 
Mnc- !«<■«.  *}i«  'Jig 
laptR«pi)l<)c  •lll^  (It 
Incnuet  (nisr  ib«>  (ual 
(burned, iji 
kN  u  WMd.  nuliire  nl. 

OH    M.I.  AlUlin  l»    UtlLI 
{■UVItK.  •W  + 

laH.    lad     lr«i|tM   l'<i . 

mm.  »?E 
ptiiL.  ncrdi  much,  w^ 

(m  •■»  I.*a»r.  (»-J 
p-C^  wt.  1r»in  ({>Ht,  tnff.H 
[ill  K'ldO.  M^ 
ratio  lo  toul  wi. !«..  'ill 
w(lE;hi  tmn.  il)  gndn. 
I-  •»«+-"»» 
•pctd  (educe*,  in 
■LiLninii  need*  (nu«l« «;« 
tank  lAoeft.fti 
imins  br  niMi'n*  ol  nl., 

wh)r  irn"!  'n  Am..  (» 
■l(r«nw'(  mlucn.  irt 
■<,.  i«  incrfaM  w  p.  c. 

CrIiBiBlaKV  vi'  <^.  *<i»     IfOi 

TTrn  nr.  de(L.  in 

chAng*  in  omm  oMd.  1(4 
oomwr.  coat,  nvw.  'iCf 
cliKi  cidf««n,  jsw 

VMi|bi  al,  ill  puH  *nt1  ID  I  Ik 

Badccicd  tiytuw  UMdei. 

by  tirci  rnJU,  \f>t 

by  volumt  iraitic,  \^A 


CMI  ot  itonblins 

(UDic  train.  *>4i 
drUlll  'lull I.  *4 1 1-4-4 
effect  on  eo»f .  nci*.  *;6^ 
Oft  ap^mt'iE  eip-.  •!'■> 
cmpIT    AKtl    In    MfTirc, 

fjil  t^Bia-,  wt-.  elC'.  !■■ 
Fnnch  practice,  "i^fi 
llKt««e  III   rrc*ni  yran. 

P.  R  R.  »init  ij!)i.  •.»> 
CAplHiia1rc»n  ai.  ^ 

ol  p3tt».  «>imr.;inci'   In 

(ratlij,  "^ixp 

00  driven  compartil  wtiii 


p,  «. 


|cvl.p.,»4!,« 
ID   tnJb-iAia,  »U 

p.  <.  *iuim»  mtiMrlalt. 
[A«  iind  Bob,.  '116 
fitio  10  ir*i:-  power.  *^4J 

eiLn  lieavy  enc.,  'aai 
parti  ul  enc.  40D 
Toaitkn  *4|4 
tfOne  chordi.  dilTa,  Ir-nniht  <lei'K. 

(•'4t 

Look  l»n(eiili.  t.t-..  bad  pr»cHc« 
ju  11.  J>4 
IjiOB  Uls  t^f.  toco,  pf rf  cfl.  *t34 
Lonp.  4;a       OWSplnl.) 
t-oa  aai  AamiRe.  coo.  iVi  kitd 
[wliDni.  U.  S..  ■)To-lS 


r.:-DSX. 


Us-Mai 
L»*  o<  lime  by  ledoc'f  tpced. 
[*.►..  MW-J 
I.«vr  cradet,  y.B..  ■nd  mo.  «<■[ . 
Lofuhia  lermmAlv  crM.  t*7     [tyt 
c(|>eo»  ul.  it}^ 
t<ic4liun  uf,  7«  l*t^ 

Lenitan,  Ik  Jt  S.  C.  Iuc«l  train. 
kindlinc  rtr**.  eip'c*.  *ko 
lixai..<Mi  A  oi, per  tt^'ift 

iraAic  »ndlu^lconM]fflp  .'iji 
LondeD.  CliaL*  l>,.(autil  irala, 

London  &  N.  W..  nm't  tiii'gt.  trr 
faattu  Irajm.  *j*4  [*>y) 

Ion..  COM  uirl  mild  per  fr,, 

rep'f  dclaih.  'tis 
■nierlixkmt  (pp'aon.ksf 
■era inalk  coal.  **i 
Loulweaa ,   area,  pop  n.  eidum 
p.  c-  op'c  eip..  ewniiin  per 
tBile  and  head.  *«a;  vcalib  pa 
tap..  •.* 
l^uiiTille,  till  at.  1(1 
LculiTillr  A  N  .  alijIB't  tUL,  *li« 

maint,  wir  rap.  b^ilemo.'iaa 
mile*  and  nun' ft.  *jit 
op^ltenp.an^^ir  mprday.'ift 
Irun.l'd,  arairtli,  •loi 
Louiwille.  C.   ±    L..  iDilea   and 
l«m'e».  V* 
LubrtcK'n ."  ineci'il  by  wmp,.)ua 
batli,  td*)!.  su].  «t 
Diin^itv  il'tit .  tflMt.  sot 
Lucboiaoier  pasa.  ^ radci  at.  *TVt 
t.uacli  vuuoWr*  end  mvu..  Am    ] 
Luaeraburv  loan.,  nn  and  work  ' 

M.  •■*>  I 

t.naurjr   In'  (an.  why   lendi   10  | 
Iincr..  ito,  s^T  ' 
McAtpine.  C,  L,,  on  ihifp  cutre. 

Miininery.  loto,,  t.r,.  t4U  ntw. 

IdeiiHa.  'ijo-i 

reprv  p^  c-  due   rarioua 

[eauaea,  •»! 

minor  drtalMol^imall. 

ihop.  matnt.  of,  i}a  t'le? 

Muun  A  nr..aliKn'i«ali>t.,*)(i4 

Loca.  perfnrm..  "jiN  Ef.r.,  raa 

MihoniBK    bib.,  N,  V,  P..*  O., 

handhnE  tir.lna  on.  rgi 
MtkiflK  iimeandcur*iiure,*MA 
Maheiouaotralrueiiona.  der^lA^ 

IrAin.  B4; 

Mainr^  area,  pnpll..  (IdlnKt,  p.  e. 

op't    ei..   urniiii^   per    mile 

and  lieud.  *«»;  wralih  per  csp., 

•■A  [milai.  •ill 

Main*   Central,  p.  c.  tanieluti|. 

Main  (trunk,  f.r.l.  line*  and  MhL. 

ra.  of  error  m.  ^iK  St 
Maiouiuncanl  wir,  11* 

aBomtflin  in.  itj 
aaafleiicdbrdialaoee,  >m 

minar  diiAJia,  >^i 
no,  o(  train*!  irr.  ttt 
puthingeflE-.fa* 
expL.  deliili.  V,  S.  Mc- 
tllena^ete-.'iat.  *irb-d 
nnoril  itndtotir,  iir 
Iroii  rail  era.  itema,  ■m 
iru3li  lioea^u  ]re*ri,*ii« 


Mai- Mm 
Maineoanc  ct  U' ^  1  — .f«at'« 
rMIAi'^nu.r-L  t:*ii.r 


ra(io4  N.'.rh. e*^''  ■  ih 


whv 

ManehfWrr,  «' 
Maahaiian 

(1..., 
operatic^  ■ 


'-.nilanr  | 


KMisiM  on.  aod  pevef  ■ 

■per.]  ..fi  t  .jrvdh     •'  ;  l^ 

Maan  ■ 
Manul- 

0(  tr_       ......  . 

IdaaiiiaciBitiif    (•if.^.a.    ntrdtn 

[likibf  laUk  (4l 

kcanr  (rami  n(.  '■ 

H'PP'iHC  *«  prajed'ii  tac'e.  lai 

eestuun  w.f'-i,  mo  anl  c 

good  ano  ■ai'.  ta..  W 

UfRe  K*l««.  (mt.  U. 

leoac  abceu  alaan  bca.  M* 
Hlfn,  Hklnc  awHal.  «fi.  Ia> 

ex.  of  neeil  for.  I^a 

•nite  llJvtlan.  f.c,  •«,  Hf 

nffbi  <■£  ul.  a,t~f 

anal  I  acale.  nakiacn^ 
M*d  la>  W| 

iiie  la  R<oAnalt.  ea..  e^ 
Matif,  C  Iocs,  leita.  4(4,  4r< 
M  krioe  «a«MtM,«4n  n'd,  ud  li 

nal  per  H.  P..  *iio 

oivac  eeoooar  of.  (49 
Marriott* "a  lav,  .tf 
UarntiteH  AO.^Ittt'la 
MaiA.  SflTeMei.  iaHMcd  '  _ 
UarAall  pMa..  ■»«»-»       (if,  I 

Samlloua  fcai,  aci .  akin.  «• 
arjAind  area.  pops..  lUunf 
(.  op's  eip..  eaniar*  pe*  ■■* 
and  Iceid.  *9a:  wcaUb  pa  a*. 

Mmoo   tecPt,  Aa..  dltn>..a».  ' 

fd~ 
kd,  DO  driam  peeui-l 

MaBDryaad  dooda.  rSa 
eon  nl.  tu 
dm.  bad.t4C 

Mcika^^at 

p.  t.  COK  10  Wial.*;)!,* 
MaauchiUMW:  aficn*i  auusl 
are*.  p«pu..  •idoft*.  p  e.  . 
up.  eaiolB«a.   pet    Miir 


4lM*McaUoa  iX  ihrntft  a 

Dotal  »d<a 

COM  per  Tear  pea  aaij- 

lucl.  Deal  ■>(.  I  )A         !«>.  ■ 

inierlocklBs  law.  Sta 

liKO.  r«pn,<aii.  lit 

ouial.  mrcip.  bTic*ni4,>t» 

owciee-poiavreap..  det'h.  'ii* 

ry  sarsacaperhrMI.cic  .*r* 

•TMlth  per  cap .  >6 

UaiWrCar-iI'deii  Aw'o.  aamBcd 

(u^iiin  oa  r>Lil.b«Adi,  ft 

Coram,  rap'i  on   bnTfa**.. 

ITi 

on  iaaetehamn'  —it*,  itk 
rule  fat  dcprsc'B  ait,  *tti 


Mm-MM 

MmUc  CuH'irn  Ant'tt-Cm'tl. 
(tubl'd  ult.  w1  %M 
|nani»l.>tm,*|i} 
(S,oM  lb.   nnx-oir,  ■■<«, 

HuKid«a  Ibcd..  f .».,  del..  «>] 
tntroiTucI  icn  4ilt  114 

Hunul.  MhnR  »  IM.  IH 
ciM,  prof^'aM  bbor.  *<tfi^ 
Imo..  r-r-  rep'n.  pnip.  ot, 

ptknel.  Am.  A  BnK.>  *«■« 

n't  Mil  <«i  ID  Knot..  'tll~* 

Maach  Cliuat,  gnv,  t'j  ",  ^. 


Muisua  and  mln,  lisliinf  «i*  . 
JM* 

Mn:)>t»ic*  vf  nr*c  raitL.  iRi 
r4  irdin  moH'l.  })■ 
'■i"iv  L".  S.  nluc,  ••( 

Mioii'lii*  *  Cb.  aJlin'l  lUL.  ■iN 

Mtnijil  pE™p«lil«,  I 

Mcrtimach  nver.  fall.  I41 

UtI'K  tiitTf^  ndll,  ■>»T 
u,iUioniiij;,  iM 

HdicMiCm.  Ifr.dfKenl  Inra 

Inin  AntnVallty,  (i) 
■uj(  crxlcon.  'joo 

Pacific  b'cfi  el,  7)6,  ^TD'^ 
K«**ni<>n  lunnrl,  M« 
ipitgli  en.  «^.<A(  (j)i 

tonii  c'uJr^  <.ii^,*TWj 
UuicjD  H'y.  fr'urvci  on.  i>ti 

riror  <d  nni  tfainv  rv  Pucbla. 
K*lTUr«nvinr4nn.  a«4  X^^tt 
biiEory  ind  iltvcnp'o.  v#> 

<.<»  filspcNnr.)  [«; 

Ho^cta  town.fji  of  lulinntai. 
Kcx]C4.  fi,m.  tin?  lo  cjly  of.  v»5 

Am-  It^Uft   in.  |f3 

pUlCau  rA.  ntj 

rtcii  nr  inlxb'i  iww.  *  tit., 

rullinit  iTopn  In.  it*  |i«) 

trunk  ^iiin  11.7*-^ 

Uldtlaiui.  iliEii'l  lUIIKin.  ••»i 

un.  pop  n.iiillaRi.  p.c.  tip,. 
[ffHTd'tf  per  m-  vnd  b'd,  '-jO 

Inif  riocVing  law,  ■  a 

'  foujfh  ciiuniry  ^  or.  S40 

wc&llli  (Jif  tup.,  'a* 
Mlcliiir;in  Air-L,  jLJijin'r  *id1..*ate 
Mich   f'fni.  r'd.chATi  at  l^iranctal 

Ijllnfnlptnn.'n'i  IrMOId.  )4 

rlutfi'i  in  tlock.  '46 

mtlc«'ncl  p«f  niniji.  "7111 

inioOcda,    furl     burnrd. 

(.(«  Canada  SoullirrnJ 
MIchieaii,  Ijikr,  wjtirr  of,  *if* 
MiddLr  Si:irr^ .   .irvan   pop'n.  tld- 
Inft.    CAfnlrkG^     pf'     mile 
And  htHd.  Cfl'  ,  *gi 
baniU  ^ihl  tl^<k.i  p«r  oir,  *tfrj 
curTv  And  cra.f4  mii«E  ,  i^ 
fardlnciTwr  mile, 'toj 
dIMf  ibullon  «f.  •i<4 


tSDEX. 


MId-Mit 

MlddltStkln-   CruliimtJ. 

tn,  earn,,  ihro'  and  tseal,  *tji 
g«n.  t'j  (tailn, ,  It-^o 
frowtb  r'v  tyiicm,  u 
nala  naolti.  opti'a.  •■« 
aaint.  waji  dciaila.  *iil 
op's  *>p'  »id  mnic  dnalli, 

pa*i.  and  frl  haul  and  !r>ln- 
[toad, cic..  *^i,  •jlf 
p.e.  cp'(  upinH*.  i> 

pua  and  fr'l  utifK.  ■ill 
wiichlnr  dIIhrc.  iIi 
(ttl'ipcrlnhab.,  paii  andfr'i. 
islllni'ti'li  pel  a.,  n    L'lof  1 
twiichlnit  mi'«a^,  ifli 
<i>n-(Dil(.icc'»  acd  baul,  ■ii] 
imn-i'd  and  haul,  [t'l  and 

tnallh  pvr  cap^ ,  lO 
Midland  r'jr.  (iKni  inln.  'jig 
[OOH..  (iHi  and  nllH  ptrV'r, 
rrpn.  dculla.  "nj     i'y* 
moljve-powcr.  cap .  dvtu, 
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irtnoand  rati  con>unp..*i)t 
Milan r'y.  pri<filr.fj^ 
MildifC,  cuntiri><:»v<.  nV        1i9> 
loco,.    fiai^Barationa    In, 
mc  for  fr'l  can.  ■«« 
HllwBDkccanIn  rMclpli.  ii« 
Miacni[  iralEc.  f.r.,  and  haUnet 
[l|raati.«t| 
diad  v<.  ot.  «iq 
chanovt  In.  Ujq 
MInra,  I'.  S-.  vsliit.  *» 
Mining    TTEinnt.  burden    trafflc 
{(tiward.  fij.  4i8 
MinncHOU:    •lijin  1   •luliiL.  •j6i; 
■Kji.  impLl..  iilil>lli;%.   prC,    tlp£ 
•xp .    ctrni"ifa    i*r   mil*   and 
head.  '^^  uCAltli  (lerctp  ,  "i4 

MlWH  UklAILl  or  tLlf.n'Y.  iAj 

and  drumming  bu»ln«a. 

JIVJ 

COM  oi.  aialTd  1>t  culine 

{aTadn.i^i 

rfTtcIon  am<- ■?/  •urv*y», 

IM 

naiurt    and    lapnnancr. 

,    !•»>  + 
puMiblc    varluions     >n. 

Itlinhi.  i»4 

rtlatlx  IfnpV*  *x..  »} 

MJiakuippi:  arta.  popu..  HdknE*. 

p.c.    <ip'|[   cap.,    evnian   p<r 

mllr  and  hod.  %dj  wcallb  ii<r 

MP  .  "X.  [Ul 

MlialulppI  rtirer.  lall.aod  trilw.. 
'  polnu.'  Taut  10.  lit 
•leaai-cnffinea  on.  *46» 
ni*r.  puinjr,  '})* 
Miulolppi   Tallcy.  t«d  locatlan. 
Ij.K-.in.  <j6a 
Uiuauri:    allfn'l   tutlfel-.    *iitt-. 
arra.  .ftopu,,   tidinpi.  pe,  op'fl 
up.,    tarninn   per    «■!«   and 
head,  ^jc^  t^tb  per  cap.,  t^ 
MIfewuri.  k-dr  T-  lotu.  perfce.'if^ 
Miivoutt  Pac^ftc,  mdoK  and  cam- 

Mluourl  rJTer.  fill.  B4I 

'  pi.inii.'  rawito.  >il 
Mliukti.  luiicvr  mania  lor.  >( 
MiKhcll,    A-,   innnwd   Coniol. 
[ens..  t7«.  4>} 


Mii-N«b 

HUvd  Inunt.  wbni  b«cd.  of 
Msbik  A  O.,  alwn'l  •laliai..*94« 
"  Mnderalc"  srMe*.  r  f .  jy) 
Modem  r'v  corpora  lion,  (Nt  1) 
Modului  0)  elii>iii.'liy.  dtl..  jit 
Ucfful  ]eic4..  /.?. .  dinien*,,  tie.. 
rrl  ceu  rrpm .  1  .n      (mC 
Momeoruraand  curre  oODip'fii  w 
dern  w  uiM.  ^ 
grades  <Tlrlual,  r-r.).d(l.  Uld 
I"  ■  M*.  f«« 
Monarch  ilceplnR  (an.  *<«■ 
Monopoly  pow«n  of  r'ja.  ttlrtl 
{"U  )a 
Moniana:    arta,   popu..   tidina*, 
p.  t.  op'it  MP.,  nrninot  iwr 
mile  and  head.  ■««  WMltb  per 
<»p..  •!* 
Mool  Conia  r'jr  fric.  ttrip*  600 
loco.  Ki».  <!• 
prollle.  (nfi 
Uoalc  Cads  dlHUtet.  )i>        [;m 
Uounlainout  reftioni  and  c*U|te. 
cum  iiisii  In.  t,f% 
*all*T>  f  .F,  |»nf(ral< 

[IfllO.ttd 

Maunuln*.  tiepeauf.  shir  (reel- 
[■Ktrram.  ttt 
prcploVly  of.  ot.  illu'n,  I46 
Mounl  Si.  Kllai.  hL,  m 
Menial  W'Mbincloa  f  V>  ""I  f^cl* 
If.  S?* 
Mnon.  why  larjE*  on  horif pn.  I^j 
MnnI  fiffci  ol  [iirraiiita.t;* 
nf  djmancr.  >y^ 
offfoiHimainE   way.  r  14 
oflarffF  lr»lbc.  t^.? 
Monlecai,  G..  i>blc  by.  iii      [yx 
Mofm.   A.,  capu.   on  Jnc.  f .*.» 
Morn*  tt  BOH,  atiffn'i  uamt., 

Moiac.  ].   R„  table  from  paper. 

Morrff^gc  inlereat  builda  rdiL,  ^ 

Motion.  air«  I'd  and  retard  .la**. 

()ji* 

Hoihe-fwiter.  con.  VS.  r'oi  aod 

fKctt..  'iio-e 

by  tlcma.  "nj 

SnBiiab,  *r4( 

t^ntnX  Ufk  loi  iin  Loco.). 


"■•)J?!V*'y 


Mud  and  Incruvation.  *iyl 
Mulball.  UlCL  Siaiii..  laW  (ron, 
Murderi  and  r'y  aicldenti.  i)j 
Nui-w-KWiRe.  m 
and  cr«a^uca.  rT9 
curTd  r  •.  on,  t<"> 
<urTe  rttifi.  on.  ^j-6 
la  Cutoiado.  fi^t 
In  mounlainf  U4  TTKi"n>'  lii 
loco*..  o=mp,  toat,  '\l^.~s 

Consalid.  tPRi..  ill 
orlfte  ol.  414 

(larfnl  eSn-i  oa  cor  tamitur- 

|i  len,  iH 

Kiahu*  A  Lonll,  p.c  aHtachins- 

|ailH.*>t> 

N'aahTille.  Chat.  A  St.  L  .  nila 

and  rarninici-  *}>» 

'  Natora]  cift '  for  iaiatmi.  f  ,•%• 

Nature,  work  I  ns  wnh,  )*«         ( » 

ffebraaira  ^  atfa,  popu..   fldino- 

p.  c.  ap'H   cap..  nralnKi   per 

mill  and  hod,  •fo;  vcaltb  per 

cap.,  *ti 
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XcthciUnitt.  I<K0<„  no.  and 
Net  rcwnue.  f .v..  ■eoticnk.  U.  S^ 
N(i-iili:  triri.  lOpH  .  iirllnpi.  p.  c, 

mid  lic»i).  •>!;  H»l<l>  pec  C»p-, 

•■* 
NfiHton.finiUuir  of  motion,  w\ 
t'y  lrj<nt  beti  ?«,,  i^t 
titv  KnRUatl  Slain.  aliDniDcni 

[•UllBlIci,  *>M 

t>i>niS  kad  «(o^  par  ni1J«,  *i4j 
taininm  per  nillf,***; 

dHtrlliailon  of.  ••€!( 
Iri-.  lliiauHh  and  lonl,  ■•» 

Effnerat  rV  vitMittta,  *tt,  *^ 
■III.  I»lll-I>»i),  «C.,  ■ff 

^iw41h  r'v  ijttttn,  *4t 

fflain  ffsukk  uij^ii.  'gi 
miint- w*r  (-4b,  deuilh.  *<)i 

ODlt  411'.    t-ni    inllii:  lid  lilt. 

[■ifj-ft 

^  e.  (Mu.  mill  fri.  imflic.  *ibi 
|LC-  ivritchini;  mileiov,  *i)li 
rK*!)  prr  mU^li.  pm.  sod 
I/n  , •104-j 
follioir-«<ick  (itt  nillr,  41 
toft-milc  riMc'ti  4ndh»ui.  *iii 
m^O'iniLd  «nd  hdiil.  In,  and 
Hcnillt  fcl  up.i  >(t[pu>.,  *>ij 
Ktw  Hanpihx*.  wnlih  pneap., 

Kent  Je«ey!  aliKn""  «alin..  •lyj  1 
■na.  (lOiiUr.  nidinff^  p-  c. 
op'e  r^p,.  4Afnm^  ptr  mil* 
ana  hrdd.  *r/^;  w«ah1i  pet  capL, 

"rmnlttoonirjr '  of.  ^ 

N«w  Mtlico:  am,  pnpu.,  tiitisirt. 

p.  £.    op's  tup.,  *irnine(  per 

nilc  anil  iieai].*oDi  wealUi  hc 

nu..  •:«  rtot 

?lrw  Si.  Wiln,  Am.  loco.  In.  411. 

mllma.Mnck  prfioile,  *t} 
New  Vi'rti  Ciiy.  loii  lil.  (aiiacf. 

«!«raud  f.»'4  ryt..  citrvci  on. 
{'"tVJ 
Gd.  C«ni.  5iB..  (O'U.r'    I»JH 
Inleraal  pus  Iralliv.  «rciirih, 
f]Dinl«  near,  raiea  to,  11^ 
pnp'n.  growth  a1.  •;  14 
'Smlikvlllc  irattti:.  }•» 
tccininal  fuiUlln.cdiUji^BiS 

nipant.  tret 
tnlh  «p»(l4  /mm,  Ofl-jo 
Ik'rw  Vork  S»i<.ill(n't  outliEln. 
')«q:  afea.  T>t>1^-.  lidinei.  p.c, 
np  H  exit ,  carniniE*  per  mile  and 
liiati,  ■>. 
t:L>rvaiumD.  tit 
hiiTflMklHit  law.  Sij        [■110 
mhiflE-  WHj.    op.  by  iicmi. 
inrjirhme  tniElnfii  in.  nfi 
wtaUh  p«r  <ap..  ^^ 
Dew  VoiK  ft  Hailera,  aUmonifnt 
lalaiikl..  'iM 
N.  V    A  New  F.nf-  ,    allEninenI 
ittallit..  ■>>'! 
»cw  V<rtk  C«ot.  a  H.  R..  aliens 
[iialiiL..  *3H 


Haw  York 

Kiw  Y«tkC*at*  M,  K,-c-«'i/. 
an  u.  ol  iMii  Hoc  pnapionc. 
I  HO 
aaai.  cnKi.  ui  Kudasn  R..  »)■ 
eonalruclidn  am.,  icem4.  *f< 
(an,  Ik><.  wt,  al,  d«(*l>.  ■int 
dlaiaoce  aD<J    ihroncli  inlte 
lof.H» 
nvffatiic  rai-  on,  j|4 
faaiaw  inU»,  'tmi 

IsM  by  itupa  IS,  Ml 
flucu.  in  ilMk,  *4t 
formalion  unforeiccn.  fof  |f  14 
HiTToii  aKD  (iinKn  or,  >>]. 
Icvtl  jiradcinn.  tl.  K..  jvj 
IM*.  tati  and  <Bil«*  per  yr.. 
rrpn.  by  lumt.  *i4j  |»t» 
p.c,  labor  and  nu  l,*tsi 
natDi     way   and   r«ll.  Hack 
(tap.  camp,  i4Vik.*iav 
milcnand  cafBin|[a.'7i9  |*<}i 
op'S'xp'  and  irnint  pttday. 
p,  c,  nf.  wHr  aigb,  ii?. 
and  (all*,  no        |t>] 
cp'R  puAliert.  H.  R-  dly.,  ^ 
pan,  mini,  lonsm,  sgd 
fail  tntiijit.  y»f 
fail- Acif  on.  put.  and  (rL,  yti 
rate*  on,  (ill  oF.  ■yai 

XTid  Mci.  ('f.  *•}        (m* 
cll«(  ■-in  p>  c.  op'g  Op., 
ahaipai  cur  icon.  itA 
aldiniE^  io',.kl,  *4)^ 
ItulTalo  y^d.ftf 
tcimin.il  dp.,  cK.,  N.  y..*llf 
traio'ld  .  in.ind  paa,,*aiy 

ff rowih  M.  "no 
irainmilieoH,  '116 
trun'foifcr.  letla,  til 
■Vtw  Vt.rk,  (hit.  4:  Si.  t.„ 
siding;*.  I(un'ii'>  yard,  *^i 

New  Yoik.  L.  Erie  «  W..  aIi«o'l 
{■iBiiat.,  ■t^ 
CatT*>  ttoGk  diiativr.  ta 
cona«<tioni,    reialioni   wllh, 

curve  c«>npcna  n  en,  Mi 
dltlaitM.  nliw  of.  19,  HI 
dynamom.  M4t«.  )oi 

Iina»ci>i1  (Uiua.  tt,  119 
flucEn-  mfct'jck. '(a 
rr«i|ih(  tirtip'tabt*  tin.  14a 
i;r,idrv  balancvnf.  fil 

^IL  BfiLle>,;i:-inti'a.  Cjft 
inundutiuRfon.  ^ii 
locaiioD  lit  litary  irradrt.  tl^ 
l«CDi.c«t  and  milfipff  jy., 

louot  II.  0.  '4)7  i*i» 
iMa  Irmffic  frvm  curvei.  tjt 
nialnt.  way  and  mi]ini;.ilnclE 

milea  and  taming^  •no 
Dp'gop.  and  mlBcderla.*ij( 

p.  c.  nf,  coDpariaoD,  i» 
pad,  pudwrt  nn.  H  j 
ralei.  tali  at.  *n» 
tu*a  on  and  Mm.  t'y.  oti 

andK.  y^P.AO..  ni 
*lurpc«r*<aMi.  ty*.  jMI 
•]dlnn.iaal.  cic-  'Itj 
imn'l  tap,,  elc..  N,  Y.,  att* 
tircft.  cMl  m'nt'ir.  ]]6 
lon^ntlr  trc'in,  vie  .  *it} 
iracK.  Iluflils  y'd,  •Sti 
irain-toiil,  Irt.  tad  putt.,  Hij 


New-Hor 

Kt»  Votk,  L   f.fcA  w- 
irai»4«4,  (r.ii«i)i  nt, ' 
train-Mile.  csa>.  *iit 
wheel 'Wear,  MMiaita,*|n 
why  baa  mm  connect  n.Ti( 
»«•  Yor«,  KTiI.  «  H..  lawn 
[traia.'tn 
fliwUi.  in  atock.  *■* 
ioeoa.  c«M  and  dwr,  *>fi 
•harpMl  c*rT«.  *|i|  |*><i 
imn-loBd,  In.  ao<  h 
Neit  Voik.  Oni.    a    W .  >b 

(eiLp.,tic.N.  V 
N«w  York,  l**Biu.  A  n  .ft 
[uaiiit , ' 
bad  location  •><.  an 
brldn  nbrMkni 
hardline  irMoit 
loeu*ii  M  Sjwtns 
Kakaninit  B'ch, 
op'(  cap.  and 

p.c.  BWlitkins  I 
faU' mat  icva  < 
■leMaiMOiwdi 

inlil-load.  tfl. 

why  ■  bad  profiany,  1 
Hrm  Vatli'l'hiU.    «u,.    in 

[aBddtat.iMr^. 
New  lEealuM,  n>la4i|'-«ie(  : 

IWIi 
Nlacm  UBtil,  bHdffc  w%  1 

Kluara  ri*(r,dlacli»r 

tall.  a4>  , 

KiRRerbOl.     dcTElM^  < 

Kan<oapciiiivc  inBc  ■_ 

HotilL- 
ami  mowraOM.  m 
MiaipaiiUvc  ruH.  \ 
cflvci  dnia^n  tm,  t 
true  claMlllc«IHdia 

(forfelk*  Wa.,C<iBaoLk>cii.i 

North  Bftilib  r-y.  »oc>»., 


Korth  Carokoa:   allm*! 
••*»!  aict.  pup«^  lidil 


op  K  <*  p..  carDinn 
ilifie 


per* 


I 


head.  •«'.  wenlifi  wy  tap.. 
North  Central  Suis:  allci 
luliii...  •lOi:  araa.  popo- 
IKK*  ptr  ndc  and  bul^  ax, 

**'  ..         ^      ■'•»' 

cunc  and  B**^  ■■! 
fall  nrtn  in,  &!> 
(rtl(kt  raiu-.    ittn' 
lln*^ 

B.  r'y  tiaiin..  M.  *■ 
land  itaint'd.  nc' 
no.  pais.  iralB*,  i>A 
Op'a  tap,  kDd  Ink  dcX 

p.  e.  pu*.  lad  (fi.  uaai, 

nrtlcliii^-mth 
Ma^aile  roc'u  . 

tnM-l(»d  ana  teal,' 
Tand  fai 
Noflh'BaaHm  i"y.  Int.™,  I 

|<silc»  p«  y"?, ' 
Noriben    HaitIK    r'y.    Bucia. 
(uock.1 


INDEX. 
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Nor-Op« 

Xonlicfn  pMiiit  t  i —Utalimmid. 

lii'Hi  ifrih'ft*^  *T^ 

lilili  tl.tv  US 

Menli-'-'"-    -n  rf«i[.ti.j,i 

?in<irivi  I  -       are*,  (rjp- 

**'J ,<»  milt  Mul 

lie^-  '-■--',;,  .^iicraJr'y mot. 

Bialnl,  waT  '■(*-  •>«■»•- 
poiB,  Mkd  (rt.  btul  iiul 
|(r»ln-l>Md.  cic,  •« 
(&i  Wnicin.i 
N«nny.  ilWfi'l  iiuiiu.  *>«i 
|oco<-  "".  mill  work  of.  'K-) 

r«rlirifiiAM:f  n(.  ".w 
popu..  f[»,  *uliii.<(«,.  *>r> 

NdKIi.  1<iC«u  «.  r. .  licCn.  TM 

OIk  -ue.  <■.  el  nMunl,  Mt 
li|>lii|iui|r  ol  tnctiM  uid    curr* 

ObtitiKUant.  M«M«iUi  Iivb.'mi 

Ocutir  IMbUOM,  E41 
•a  lb  qiuniiiiei.  I19 
bralwa  bilk  curr««,  >;• 

illiuace  on  Dapt.  Mi,  tu 
«u»pKi«4,Ma.M« 
andts  in  Bu  «DUDIi|r.  Mt 
Wuf  p  ndiiea,  cat 
■ivrp  •l«pn.  0  ,  M4 
OdoniMrt.  UK  □(.  t)I 

»*>4-.  Ml 

Ohio:  iMcnoKal  lUbil.  la.  ■>«ii 

■rv«.  popu„  tidiiitf*.  p-  c  op'if 

n^.    nrnlOKi   ptt   milo    ■nil 

lucflocklnj;  Li"(.  Bjj 
Oblo  A  M. .  ilien'i  •uilii.,  •><i  •<- 

tnlB-l*.,  ItrOHIh.  'IDI 

Uhfa>f4nr.A  irlbL,  U11.t4i 

81L  And  Yet/f-K.  COM.  *ttt.  *f }>^ 
It  ticiirnoii  unit  rri,.  >> 
Old  Colony,  locoi.  COM  »iid  inil« 

p   c,  «*ilcbinciDlkK,  *tfll 

Uld  linttubfl  optr'i  ruin,  rgi 
iiDpfi>Ttiii(ni  o4.  t4i 

(OSILUIIUHI.  »  Tll,&]t 

umintf    {iDublc    Inek. 

[M 

p0S«b>1illH  UIO.  J«I 

puihcridn.jM 
Wtfh  lAkvae  out,  &>a 
tiriuAl  pmuk,  79! 
uiukl  «mira  In.  jty 
orlriflaf.  T«g 
Open   nwd   (Ibc   p»l  btimca 
uiiionaj,   improvinf    d'»dA 
on.  •*>] 
OpentiHR  b*nu)  mini,  ■ft 
OrUAi  i«ii  Bx>-E.ii>it  (L'li.V.X  lot 
And  bad  bEnlavrns.,  j 
w  *lf*CMd  ^  cutnlurt.  jij 


Opo-Pap 
Openllns  IviEmHs—C^iiriiijMtf. 
aaallKiol  bydi*Lancr,  *>of-4 
no  iraint,  ^ 
r^^at  o(  curvn.  6jB 
ritr  Bud  bll.  j;) 
lr*io-ld-,  >te 
attragp  amt,.  <«4  + 
■iTmartn  «i-siAca.  iSa - 
vnnd  divliiOM  in,  11; 
Hioil  tlUKgc  in.  vn 
p,  c-  Ctiicjitfo  rofidt.  'ttx^A 
Rnslull.  •»,  •>H        (•« 
«K»,.  f.  S^'ioS-io.'irHt. 
trunk  1IDV4.  *ir'-^ 
p.  c.  tu  up.,  at)  irlierion  af 
fmanaff^mcnl,  iv, 
trunk    liD«.  f.v,,    ouw 
{lacr..  ti% 

•^   U.S..  •i^.^.V* 
p«T  lon-milt,  •I'j* 
pit    irain-mllf.   Unslitti. 

''"■•"• 
V.  5.,  •ljo.9 

OpcVHliDif    tie»vy     irrmdf*,    f.o.. 

Id  1(1  "y,  ii«+ 

OponiilnB  nilci  lad  balliii  intDi, 

and  rvpr't  vid  tln«.  h<.  Adi 
np«riilK>n.lin«in,  AWOldLlQM. 
OpilRiiun  pTDpfr  la  loc'n.  Sji 
UnBOD'  irta.  popu..  tid'oin.  p.  c. 
op  iiup  .  t«fniHi;t  per  mile  und 
he«d,  *9a;  vr«*lLh  per  CAp  .  *?a 
Onubii.  peik  of.  3i; 
Oroy^r'i'tdevclopnacnl^  ^  + 

(IiamM  cuivi.  'jij 

praDM.  GgS-i 

Inio.  f-v-.  «ii 
OKdliiory  inin  f.v.  ntliL,  jif, 
OvcrlaiK,  •(«.  tin  [»i  I 

cj(,  01,  S^t.  e^t 
UverloadlnEtdfi.  iccldenli  Irom, 

Ricllli:  Sum :  arta,  pop'c,  eant- 
finnp.  in,  and  head.  iK..*v( 
booda  ami  block  p-  m-,  '107 
carnmifB  pi^r  milr.  *-\vf 
diuilbuilon  of.  *i4l 
fuel,  foilol.  11& 
ffl.  cuniiic^  iliro'  and  leeal, 
Itcnend  r'f  luIia-.U-sio  [*33t 

Gjwth  t'y  airalMii.  •»» 
111  and  train  M.«c..  pua. 
land  in.,  •n,  "n? 
main  remiu^  *^^\  *^ 
nulni.  way  «ij>„  dflaili.  •!■( 
op'c  cxp.  and  uafflc  deiuli, 

p.  c.  paw.  and  fn.  ttalEe.  'iSi 

(wicebinR  miteac*.  'iti 
relTinetlepe*  in.  141 
folIinaii-Kli  per  nite.'ti 

■idiiiu^,  *ui 

train' I'd  and  haal.  frtkchl  and 

innnillF  THti  and  haul.  *ii} 
w«*ltb  per  cap..  ■>« 
Painlins.  car.  *iaa-4.  ■soi 
loco*.  •><*,  *l<«^f  *«•> 
Bnellih.  i|t-« 
Palaec-oar.  Inipeciioa  from,  > 
Pan  Handle,  tannel  on,  u» 

iStt  Piiob..  C.  *  StTL.) 
Paper  location.  ft>t 


Pip-Pen 

Paper  locatioa— £**■//■  ha/. 

beat  iiard  [rt  bccure.  tta 
deTiocncm  cl.  f^T7 
ffom  ntrt(r  (half.  FrS-li 
lAJie  od  by  beaiiuiit,  tat 
vmot,  fcai 
Paiabala,<ubi(,i.^) 
lav  of,  ]tf 

not  Hiitabie  (of  t'y  currei,  t)6 
pfopertle*  of,  na 
?aralleIo|tram  of  fsrcea,  »• 
I'anllrlniln,b«<I.nf  t'ii<.*4i« 
Vtin  «  Orl„  <oti  loco*.,  drlaili. 
per  Ion,  delaili,  *ti  i 
nt>*>'*i  deiaili.  *u>>r 
p.  c.  labor  and  mai%. 

(*'*< 

wi.  and  ca«t  lo  Oetan, 

l*a>« 

Parit.  LyonaA  M.  r'rl°ei>a.,t«ir,. 

[dctalli.  *i(} 

Parlor.nrv  dlniioi,  m.,  ^i 

why  *-'  (r«iy  tucd.  ySj 
Pany'WBil  Ian.  nii 
Pati,  loHiti  uuiaiiy  beit.  Sjl 

ocular  illuilont  u  lu.  cit  <t 
PUHic.  abarp  cuiie  ai.  )>« 
Pascnierand  (nialitlD(i>t„f,n. 
[lire  npn.  •■(« 
«an,f.p.,ad.  (term.,  world, 
i*« 
per  liain,  f  "  ,  •ut* 
-nile   raita,   f.r  ,  Am     and 

rerenue.  f  .f ..  tier  titad.  L  .  S.* 

(•rtliim.  •■»■<.  Iff  * 

uadlc.  y.r  .  puiben.  t«..  6oy, 

andapted.  1^1}  {iii 

irreMulare(Tr  a(fTadn.jyf 

ijjn       If  nan       anix'cia 

Icubn  jjj  + 

luxury  In,  wby  luoeai'ir, 

no.  o(  pata..  world.  43 

nn  brarachct,  ?» 

p.  c.  of.  *M1»  .  t   S..  'ill 

iMrd   clatL  likcty   lu  in- 
(cnax,  )(d 
li>ln*laad,  U.  S.,  >«<■.  '■,) 
tralna  and  iradcv  iH:  ^i*  — 

Ualo  on  Kradet  by  i^ced. 

IcBph  fordid  •perda.}*! 

lonErtt,  vj/.  >^ 
manulaciuie  put  lile*.  w 
no.  luad  und  b.ul.  V.  S., 
[*»«•-,  %!.  'ipn-t 
pnbatilv  00,  of.  rit'c.  ^ 
trip,  a».  U.  S.  kMiiuBt.  *i,t 
Ptmn.  mrti  -in.  >*} 
PaymcRU  per  licad  la  r'ya,  U.  S., 

P«dntal(.  (OBCirn  lor.  vj 

deaiBn  and  laT'c.  gui 
Peeliakill,  ocukar  lUuiiuo  al.  M 
Ptpam.  tr.  K,.  bhdiftf  formulv. 


trmW  tnmulB.  toi     lyCdL  «ai 
iltil..' 

,     .       .  (%    p,    t.  B. 

aafL.  carn'Ka  p.fo.  (e  b'd,  ^ 


PenniThanla.allen'l>iaiIii..~aijJ 
■re*,  pop'',  lid'ai^   p.  <.  eptc 


eurvn  on  n^tat  rnad^  tji 
ffartiv  r"yi  m,  <,.if 
weahK  yti  raptu,  't^ 
hnna.  &  y.  V.  Canai  rd,.  allgnl 
[atuiat,  •(«• 


"Tl 


9?2 


PSSt 


ilM.  Cokl  Kn..  f'itlit  ''T.  69i 

Co-,  IkIkI"  <"■  diianw.. 

Inc..  «xc  aod  avw.  ■tW 

Pwrniti  laU  kd^iUn'IMUiM., 

biL  of  mlBc  «a.  4*t      (*•«* 

<^IU1  uMani.  ncaa.  *7i 

tuck  of  canlfol,  iIb«*.  *7i 
on.  In.,  dimccu.,  ciceaoc 
[ttti  aow.  •iM 
MM.  dlmMA.«iiC..  *•]• 
lead.  ■vttMK,  ■$» 

clBiiaa  Id,  iff 
■MVMMOi  ol  rd,  *aat 
ceodeand  pratlt.  «tt 
(Hmutre.  ukiiw  ««.  on.  in 
dlnioin.  N.Y.  Is  Piu«b.,*«a« 
dvnMDaawHr  MMKi  fH 
erpt.  » tn  (urrc  AppMi.  rtj 

Auc^i-  in  ifock.  •*6 
Irl.   novt'E.  tbrth  and  load. 
[K  «  W  .  iiyi...  ••)« 
lud  burned,  (ntetii.  *iji 

M*&.  '14 
ptcd  ennCilmn,  nluc  ed.  *]d 
RTk^l,  Iu.linc«  of.  «>B 
ItKUIan  lor  piubm,  t^s 
Tyr.  *  O.  brucli.  *jao 

htalt.  Ull  CUUC  o(  •UMCM.TJ] 

UigmibiHa*  on,  y*j 

hml  tnOk.  tUK*  Hop*)!,  t)] 

beok,  bratlotc**  la  MWllos, 

Conaol'n.  cxpcrlnier,  *i4t 

(«).  IK'>r.d«UtIl.>l!<-t-4 
pec  MB.  dtUtll.  *4I  I 

[m  iaM..wri(bi.Me..  ui 
liadt  haulid.  Tyr.  tit  b. 
nulcw*  ol,  avf  [' 

alli 

maai  , 

Tout.  "H*, '(I* 

ftpaln.cm  ot.  ■«<.< 

Harper  »«..*■» 

pDcnU    npudn    on, 

Ifnaonier.  i*a 

ti.«.  tibor  and  ■»!•• 

HUiaU.  loca.op  n.iaii-a4. 

wi.  aad  OKI.  dnls,  •*••■* 
Cooul.  (■«..  •«» 
nriotiafan*.  *«ea 
lank.  m..  rc,  «ii 

«i.  on  driven  p<<r  «,  It. 

autai,   invcap.oa,  ii^it*. 

Bod  [Dll.'«ock.  u  jn.. 

^    .  .        l**«»-J» 

by  iwinm'iK) 
pnlKjr  Mis,  IIlA 

nllM  and  vamiac*,  ■; is 
Dvilvt-powcr     tip.,   Jeuib. 
(■■« 
tutniin.  ilii-tt.  'iiu 
ep'g  rip.,  add  imm  ptr  day. 
I'irt 
p.  c  o«.  lahy  low.  tio.  }ij 
why  locrvaaloc.  ri} 
plaa«t  Ml  «U  IliM,  H4 

pm't  lia*  plan  d  (or.  <nt 
[«•.  fiuhmoa,  mi 
nil-nar  inu>  iivi  >«t.  i». 


I  affH.  •4<1 
loaias.  am  In  tint 


Ey  ibn 


I.VDEX. 


PM-PIt 

PeMMjrIraBu  Rd.~c«f  fawaal 
ma  (Ad  p.  <.  C9g  MpL,net 
laIlla.T*» 

UB4iik  rKtt.,  (K..  'lit 
■luraaK  cnr*«*  on.  *s'i-^ 

tint.  oaM  m'ot'i ,  1  id 
UKck,  bcM  m  worU,  in-i- 
inffic  dnprof**  K-  *  W.. 
Int.,  •»» 
min-bl..  Irt-  and  pua..  'iiy 

ATOWtb  of.  Joa  -*- 

e«..  BO.  cm  and  fad. 
,        „  .!•■«.•>«•< 

nlD-nlle  con.  *ii« 
wuca  «■.  tM.  (bsB*.  ■■)■ 
■fcwt  rtort  a^  Erahaa.  ot 
■rkir  naay  b*aiKh(«,  m 
P«wfainM  iM^Tia 
Per^icn  nte  (»<  f  n.  cart,  idi 
PeitiaBcii  ry.  akn*!  MatiaLiSfa 
Ksrotc.  Coin  dt,  ic.,  nc  «*t 
PrnvMUn.  ncauil.  ■ 
IVrarUa  ry**,  pndki  ot.  i^^  A 
l^cnbuTR.  thmrp  lufTV  at.  !» 
IViCDitum.  H,  U.  <=,*•» 
nUaddplil^N.  Y.  uaff,  losi  by 

irr^lnali.  loe'n.  cu_  «J,  W 
lnla-4ti*rd  lo,  (4*-«o 
PUllL.     ft     AiL     C«F.      *>Wnt 

FWU.  A  Bfic  alitra'i  •uiiM..  ■aSo 
apt*,  aa  lo  loc.  miu..  *i}9 
Imo.  pntMsaKr.  *h* 
rFp'nbydir*..  'tU 
trainianri  rwlconiUKi.,  *i|S 

Pbila.  A  Kds.  coal  ear,  hBry, 

<Ml  CMHSBpL  pta.,  1)4 

laalcM  uaia,  ■(19 

rael  Maw.  var.  ipMda,  laA 

1»ndbac  At«a  ea.  ■»> 
Moa.,  coti  MW.  *>it 

liM  padk-.  Ml,  etc  *<■! 


I; 


UM  padk-.  Ml,  M 
(r-Lbary**" 
rrp'c  d««aid^  "nj 
and  rnwnkl*,  'i 


Ml 


u«io(ra>.an 
e*.    nay  and    i«B.'«IMk 
(tip..  >i|rn,>»» 
by  Itrwi.  •••» 
■(  «RV,.  eaii,  bat 
.  ivJiBoat.  yard  at.dil 
riHKa«M,«ic  ,  K.V.  Mni't|*l<9 

bFtdcc.  animutot.  («• 
Plie.iraB,  paM  pncea  at.  ifrj 


Pire-dnnrar.  TaC 
iniFV  drlTlng  by  *ti.  of  ur, 


K?l 


PSle  •iruauKd.  yy>  

PHIoa.  Inea..f.v-.  InHencTTybr. 
Hiitbars  A  Caaa..  allpi'i  Huiat.. 

P!iub)u«,  C.  *  St.   L.,  alin-t 

(•catnL,  *i6t 

trMk-M,  troBth,  *»» 

tunnel  on.  lannGdlu..  aan 

PtUaboif    A   Fu   W..  abci*.   M 

|.Coclt,V 

opff.  tKp.  aod  train  per  ilay. 

•B*rpt«  eurrc.  *i>i 
cosHnlla  raHa.e:c.  *ti| 

rail  la.  00,  •r>'' 
vt\»  Id..  Eranh.^ioD 


Plft-Pw 

ntalatur,  IBT  aLan 
natem  nl  Mcaioa,  teu.  M 
natMCa*M.«v 

riouMct 


'ti^tzr. 

■■tdiucal  iBCMawf  ol  cbaap  (^ 
lacraaUi&A* 

•4«Maac*.  m 
I^B■r  track.   *  >.,  aKiaaa  il. 
•Vmt.H.  V.tiMabT 
Vopaamtnl,! 
PopuUtoa.  amMai 

(Towlbor  U..* 


toi*  aa  in.  TB 
[uy'ia  pD  baad  »  I'm  ** 


Port  JervK  trai>«  ■>. 
PortnL  pop'«,  t'T%. 
Paatafc—.  dliWfc.  <._ 
Powtr,  aaite.  aa4  dr>.. 
PnctMe  Ota    sot 


■bud.i 
Preatni  wortb  nf  fwn  _  _ 
a<  latnrc  |i  r*r  y«ar, ' 
PiaWMi.  locii.,  (  r.  «aa«kf*.  ' 

Mhs.  cyi:  la  pact. '^ - 
FrUMMW  lotm-a,  hb  aB«** 

PrabaUUtiaa.  Uaarr  -C.  Ikt.  M 
Pradla.  halaactnc    |i  1    ■- r    ' 

cmaln  l<ri»««r^ma.i 
oilauin  Irso,  Im 
paB*raHlanMLiM.» 

MHMa^e,M>-a 
acKlfar.  ei« 
PnA  Iron  t'jx    1  !■■!  1 

Rniat  inrfMc  la 
Pniirc*  ul  r'y  1 

fntacliAM  aad  air  rut .  •■  t 
Pia^MUac    aai.     aac-     arad 

Pnp«Un*.  M>.  )t  7:  «nbX< 

PrMrKwr.bn.Ud 
PmldaacaAWiK'n.pc  1 

. [!-»•*«.• 

noitalan  nn.  jibcib^  ■«.* 


a^  coat  fp*. «»(_  •« 
no*,  rear,  dauda.  *>■> 
p.  e,  opK  n|i,*iia 


Pul-Rai 

>tfif.  inntmua.  oi  painr  *r'd, 

ralill  (mi    f.v.«nRiiw>End«, 
[prujMUag,  CM 
Putblii.  error  to  line  10.  fal 

te'SI■  Nif  iinil,  DM 
iiucdiitrici,  Mrmeo^^ 
TsMcrnil  c'y  pinfllE.  (98 
PgrrftBul,  44  iritlTic^  711,  fjt 

f)aMiiliin,  balinc*  of.  not  eiaci. 
nitiuitne  (f.f.X  h4  liti 

m,  I).  5. 


OBunct. 


,  Mlue,  *3t 


Ourrnt^ond.  r«iiV41'kptrin.,  '47 
OulotT-  Man .  ooBblf-truck  ur 
l-U  •)> 

KKk  r'lr*.  hluoTT.  «<c.,  tfo,  9t3 

rut^n  lor,  404 
RilliriaJi  mil  Ii'i  •pted,  )r° 

caitcroAl,  111,  4^,  i^i,  ^ 

boiler  mrd  CTlin..  coptp. 
in  vu<]^  )i)  (iT0p'«»,t7i 
«ftMtr  i>nd  *umm«r,  y^ 

KadliH  <■!  turv  .  ;.?.,  ccat.  •ic, 
^UgnalioiiH  *^J-/*^       t''lS 
f  yiALtr^ief  4ar'Wbe«l».  j^ 
ttiit,  j,i 
R^iut-b*r.  kcA,  A<Vn,  c\c.,  *tt 
Aall  tuDii,  accldanu  Irom,  'a^ 
btM  (ora  tt,  It) 
ntcjir  of  oil  iram,  ti) 

tusk,  and  <r«aHl«>.  m  -f 
fonjn  Toc«L.  4»% 

irxk  labor,  ])1 
avf  race  lEir,  1  ig  (4(6 

bmken,  afddtnia  frfmi,  >««, 
caodiilon  In  winter  and  luoi- 
[D«r.  ji) 
eeat  of.  beat  ia  cbeapat.  744 
riunbillrr.  'm 
•illInHB.  "jii 
WrenRlli.  'tm 
«l>a(LC  rcactiOD  oif,  ^r6 
(o™  M.  yiM.  rj< 

AnA  lUnH  w«ar,  317,  djg 
hard  inJ  41)11.  iti 
fli»r'ecii-^n  d,  1*1  F*r«e 

iron,  car  nf.  varinm  roada, 
lorrn«rl)i,  im.if-i 
w  «1mI.  h».  >M.  )6| 
iJChi,  and  I't  rrV  T)| 
pail  pncn  Af,  t^^ 
ntlfvraU   nl.  KM.  U.  3.a*c- 
[liona.  tic.  'i>3,  *iT<a-t 
•pmd.  aie'J'u  (rom.  'i** 
aievl.  •'(!*ti  rm  op'a  <ap-,  •tie 
rn'Iultfn'rrd  mi.  of  my, 
■why  betler.  ito  ItiE 

wtar  III,  aa  aRoclcd  hy  agt  ul 
[raila,  »jt 
csruiDrr,  lor-lif 

radlm  nt,  Cy^ 
Cradn.  i>> 
quahly.  ^ta 
iiMand  tall,  jn 
Mnd.  }(a 
•yccd.  t6l 
froni  and  bach  nbttK  f«> 
teco  andcar.  iH,ifci-3 
nuuif  n(  mu.  jU 
ol  pdM  and  f  rt.  traini^  ^it 
oa  curtn. «  > .  >m.  iir 


/A'£>£X. 


Rfti-Rw 

Ralla— r«w"aaA^, 

nwu,  ai  alt.  by  am  and  lonn. 

roKi-iiiiaHi.  FH       fss* 

diff.  European  A  Ara, 

(rap,,  iij 

WL  of,  and  grading.  719    [ju 

cesp.   durabilliy.    <>i'f. 

bupnff.  Iirrnf  lb,  elc-.;j.t 

thoicr  of  wi„  Ttt       {'hi 

iniritM  <hiis(  on,  ()»a. 

i<#.  crou  net.  ;;(       L^jA 

Railway   pmlciiv   micpiioo   a(, 

RaJlWdYt.  actrt  in  rrDp«  per  mile, 

allleclilinaKentcrpr,.  14  (*»> 

Mpiinl.  p.  1. 10  101*1.  'ij 

ol  wuild.  •» 
CDOiirucTioo.  c%i.  of  fuiure.*«i 

pati  ptnena  »(.  *tt  -f 
eo«l,  'i?.  •.!.  •41 

of  worLil.  [,ru|if«i4.  *4J 
value,  '35.  •*T,  •41 
«oai  pel  bead.  ■«>rlrl,  *f| 
loUl.  uorld.  *4) 
per  mile  Eocliih.  *7y 
US..  Bit,  •!(-?,  •.}*1 
eiminea,  d,r,,  p«r  mile,  *tt. 

fioancial  tmn  in  projtcu.  ri; 
forccliJiurr*.  •4a  lift's 

f^c-~<l  llnfi  for.  ptiyitlMt  vrror, 
ndirKi  ivraltb  ti-jm,  *at 
liKin.  rjr 

tBilr«  »i.  arciiont  U-  S.,  *9>-4 
wurld.  *j-.aT.  'fwj 
per  hL'^ul,  world,  *4| 
pens  "n'''.  *« 

IDDtt  BO  10  If  jfAC.  )) 

prom  00.  condiiloaa  tdfi  Id 
Raiofatl.  ami.  of.  ;tj 
duci'nt  in.  jt\ 

and  llondi,  jda  [tM 

Kaliingand  luitaclns  track,  f.r.. 
RaDkiai.l*(u(„on  iwam  tip'ii,46f 
Kala^  fiainc  of.  t^t  *■  it 

wallacifd  by  difti,  diat..  jvt 
cantcv.  Sm 
dialance.  144  4-.  m  -f 
alralexic      adnnuKea. 
nwi  pel  lilt*.  •■■      |>it.  }>!  + 

■UO)  r^r  Iwn.  iiA 
IliTiaioa  ol.  ii; 

frtclional  pec  «nU,  nr 
BLAW  -boundr.C.C.AI.. 
L.  S.  «  M  S..  Hd  U>t 
tiow  filed  on  Ihrouffb  Iramc. 
Mta.t'r  aodN.V.C.oii  [.ij 
on  re^ijlar  and  oceaiv'l  IF«llie. 


[f.F.,din.i)| 

Eng  . 

[•■y 


per  paia.'inile.  Am   A  Kng. 
per    lon-ailla,    f-e 


-.   Am.   4t 
lEng.  •>}« 
reeer^l  ijA\  of.  n6  ± 

tbroujfh.  divialea  ad.  tiq 

uw  AI  n>  Diiraaca  u- 

{kVLTIKC  nou.  >I4 

■od  Iota).  «.v,.  (cnauni 
(laiio  of.  (i4-d 
why  baaed  on  d  biance.  1^ 
R(«*luia   pC(  b*ad    by  ttcIioDa. 
[•.-,,-(.•111* 
Kcconnaiiaann.  an  of.Sji.  ti 
condilinna  of  auctcat.  at 
napa.  aw  of,  tfi-^,  914 
mk  fofcbocaiKE  ftiatt,  dH 
ilHCCBd'K  iiuo  vaUtyMM 


973 


Rm— Rh 

IU<oni»l*Bnc4  -  <  «af  I  ■*  «/, 

to  be  of  line,  noi  area.  4u 

■am  etfon  otiK'ie  in,  ^> 

RefnKeraiur  tara.  dimgnt,.  rM.. 

[•aly 

KtnewaJ*,  p.e.  ol.  elc  (ti.  tara. 


;».r..  •i6j4 


\on.,  f.r,  "ui-I  «         i'tM 
KenaaelatrA  Sartt,.  allgn'l  iiai.. 
Kenutpd.  by  Oied  (buiret,  t^ 
lUpoM.   trade    t.r.   01,    dcf'n. 

Rrat.  frifUon  f  r.  of,  «•> 
Heauurani  and  compel.  iraAc.  ;) 
lUtaialniE  walla.  Colnrada. ««; 

aDd  improvioB  old  linat, 
(Sae 
IndlclcoepreEle  m 
Rdurn  ifiadta.  f .»,.  for  I't  iiala*. 
I*n  + 
Relum  Irackt.  iodep'E,  A^i'4 
Ktvaoion  iunnel,eK„Ml 
JUtcmk  and  minor  ddalli,  rel. 
(iap'ec,  nj 
titcci  of  locillon  on.  it     {Ht 
reoviBK    (lailona  on. 
aore  ditt.  on,  **«9 
from  ibi 011Kb  Itafllc.  r.a..di- 
[Tiaion  ol,  ail 
Increaae  o(.  airKi  on  raorm 

more    Impuilani    ibaa 

[low cap.,  iti 

paia  and  tri,  te«iofia.  L',  S.. 

Ieic.  *«a-44 

per  head  byStalea^  "90.  aia4 

■ectinna.  V.  &  .  etc..  Ht 

law  u  to.  ;t6-t 

pec  mile  rusd.  hc  a  V,  S..  aSf 

Siaia,  U.  S.'iB 
•Dill  p.c.  declilig  to  proper* 

niaoRV  or  aioaFTii  o«.  )t» 
Sterenuc  train  mi1a,av.  coat,  *i^ 
dinniliyot  eil'B.  lu) 
Rfrert  ditaaier.  ijj  ("ei, 

RtTelae-levec.  locoi.   f.  c,   OL. 
Reyaoldt,  Lieul^  aaoent  to  Or4- 
liaba^ati 
KhlRi  rfand  Ml.  Waib..«^ 
Rhode  liUnd:  area,  fiopu..  lid. 
inir*.  p  c-  opi-  eap.,  caminKa 
par  mil*  and  bead, *«»'.iTtaltb 
MrraiF.aaC 
Rhode  laland  Loco.  W«>ka.  lacr. 
iwi  enu,  ijvta..  •4M 
Rtchatdnon  tjal-  tipJa-ea'ta,  ^a 
Kiibrlieu  Kivti  dliaitei.  eu 
RiihiDond    A     DanvJIfe.    ftlfi;a*T 

[it.lin  ,  •)«( 

lt.itibmoiid.F,A  P.,aU)fii'iaEiikat,, 

RiMar,  H.,  cat.  value  leducirpff 
iRradei,  '(^ 

traiD-rvaiM.  leala*  ^*f 
Ridft  and  valley  lifi**,  l>t* 

Tow.  loc'f  orer.  ri..  Mt  * 
Ridsi  line,  eye  fiiea  -a,  tu  4- 
Rigniof  way,  folly  of  rcnnamJa- 
|lBE.  tt.  »■ 

coti,  K.V.C.  and  Peiina.  Fda. 
Rip-rap,  naluiil.  lid  ('yr 

Riaeand  Fall  IChap.  tX.).  |jy 

a  minor  derail.  1^4 

and  ruling  (ladia.  itiailncL. 
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Rit~Rol 

HI  cD'-idgticd  T>y  <|>taJ.  ni 
■mouni  i>l.  »«■«.  ]<*,  jn 
limiu  or  <balie  nam*, 

Bifuurtd  t)]r  no-  breun, 

!>•  ud  Siaio,  U.  V. 

ClnNt  of.  dqft..  M*  }M. 

tattitUvi       _,  iu*'?.,)>( 
CAoetDtraMd  r>  ana  1.  Ins 

tmn  nnil  hmI  nllt^jla 
Ikk  npli..  Hnatl  trtc<( 
[on.  'tea 
•  ioal  *  o(,  dtlliwit,  iM 
Unlti  of  ilaMM,  «s4.  »> 


claw  A.  )6]  4- 
B,  jSi 


icV.     -    -    '■    ■ 


liic)'*  oliolf  rtih 
onrlef     »«floui- 
eondllJooi,  'jti 
BiiHI  Imp'I  le  Ir[„  nt  -f 

MRi  and  lumoiXt.   4illir«ni 

1<n«t.  )«)* 

■p«d  in.  •i<; 

M'Airi'foal '  of.  ^t 

Willi  ceiuiliUM*.  jDO    lof.  n> 

Rit«i(.  dtucniling  inio  lallcin 

Ctl's  full  c^lt  S(4 


in.l  eijuiyl,.  cotl.  If.  S-*m 


«4iai  itVa  bynd.of  (UKTM, 
riKafld  Ikll.  i%\    [Sjg 
proptr  width  uf,  rr> 
rel.  (Oil,  »jj 
Robiflbin.  S,  w..cipn.  on  toids* 
(vibrMlon.  <ir 
flac)i«ici&Piii>'i.*idlnii>.  loul. 
UuSnlo  y<l.,  ■>■  111] 

Rochcalcf  ASl  1_.  alliEn'i  •Dim,, 
Rock.  citimaliaH.  ^  [*tj« 

intSlcV  '^n  pro^lc.  g>4 
UHlni;  lor,  t») 
Rotli  cull.  iifrdleH,  S^.  168 
ihKllow.  SSi 
an  contour  ni^pt.  I77 
RdCkv  Maunulnn  A  niasb  coun- 
allfn't  in.  f.  if'\  "IirV*  B4Q 

Rockr  t^iiflW,  JcMpl.  elfcci.  816. 

Rod.  «iun<1«l  bfnl- clear,  CI, . 

bo 

RoKtn  Loco,   Wk>.    cataloauc. 

Ro>Ii(  lODf.  ImrtnKi.  »lut,  oit. 

RallmK  counlrf.  niuiiooi  u  xa. 

localjnf  io,  Aoi        tl^p'^ 

Rolllns-lrlcilBn,   f f..  dtf'n,  wi. 

ls'i-+- 

u    »!I«cl«i1    by  (ouplEd 

(ulireli.  5>t-t 

tompuilnE  Irnm  I'rit 

cosalii.  eleoitnii.  joj 
vflrct  tilte  ji  CT'dc.  )«> 

on  pijih^r  ETadft.  t/I  " 
bictier  fn  »in«T,  314 
(J><  TrjLta  Ruiiuaiej 


Rol  -881 

Rollias-lotil,  iliac*,  ol.  7(9 

cScci  on  wi.  ftnd(«t.  ;<«  . 

RnlllDE-flocli, ««]  UW  Cw,  Loto.) 
pcf  mile  V.  S.,  •»»  j 

lonitra.  •«,  , 

rCt.CQHL.  tlL  Tt 

Inink  llnri  isalnt.  tip.  ]■ 

[rear*.  •!>» 

Rome,  W.  A  Qffi.  allgn'i  iuum,. 

Rcaf,  car.  cote,  eic^.>idj.  •»( 

Rougli  (ouni^  and  Kradc  ooa.  ' 
lMiin.t77  '■ 
a  rclalire  Mm,  t*» 
«tOf>  (B.  l4J  *         |B«V-» 
rot  fooi'inifl.  niouooa, 
iwo  prelioi.  hr.  68}  I 

Rounaaia.  Ioom.,  no.  and  work 
lol.  •>«"  I 

Souoil-hoiat*  tepn,  (■.  (.. 'iij-o, 

larp 
[mmt.  (jis 

OK*    CBIBMl.    nVla    ''». 

IMuA 
e**ler  vrilh  atarpcunn. 

IV" 
to  b«  inidin)  ■(  a  wholb  «t 
Rutloff  C'a'Jo.  f  t..  and  minor 
Idn'b.  )Bi 

'  Runninir  *  «t  ifradvt.  tA4  A 

iV*  VyniijJ  I'fniti*.) 

Kufinlflg-gur,  cin^  ret.  cnat  of. 

l*."i-t 

PlC.  dot  v»'icaii»."tcTi 

loco.,  r.t.,  toti  new.  •lelaih, 

rtpain.  *it<'9 
p.<.4ue  TaiioutoawsM. 

Rumia.  loco*.,  no- ft  work  of.'ite 
pop'n.  r'jn.  wtalOi,  eic,  ■tr, 

roDinn-alock,  (nJllc.  etc.,  ■«) 

SalrlT.  M  aA«.  bv  cvnttlf .  fort*. 

J««„  >» 
n.) 

Sifcif-ilTi»n!  tot  bridun.  ^» 
S.Lirv»nd  htitr  ^radc^mi,  615 

*n<i  lumm'tv,  <lilT .  ^^ 

ven.  iufTT4  on.  ifi| 

t»if  ttuc  ci^inpJc  of.  &aj 

nn  i;rAdv4  ind  Uve1«.  jAo 

ufr.  ]4ri,11*or.  jffi 

ukinj;  uMi  un  olil  linet,  fa* 

TLi  otivmT*  4tL  DAhOaa  fSOH. 

vhy  idoinlt))*.  (aj  I36J 

example.  6a t 

[JV,-  RlH  ud  Pall.) 
Si.  Cpnihivnl  r\-,  Ii»caiion  of.  ^i 

.mil  praini  tin«.Mi'(b»lw'o. 
SU  lj)ui»|tT»ln  tK'u.  fil       (lj>  . 

Teiminali  >l,  to  | 

train  tticed  lo.A«o  !*>fW  F 

St.  I.mili  ASK.  ili^'l  Buiai,. 
Si.  LouliAS  ■'..loca.prrfors'ec, 

St.  Faul.  Mion.  ft  Man..  flnaiHwl , 

Sand,  ttleet  on  arilieiien.  rC'->)f  1 
uae  of,  and  rainwear.  ^  | 

Satinu  per  yenr.  ■iii;rririiini  t> 
[4I  civrn  datev  *tj 
Suoay,  coti  r'y>,  <ic.,  •■) 


Se«  -  &la 

Scalnof  map!  AoiM  Wlanr.Ki 

•Ball  iKalfa.  «■■  s(,  «.j  A 
StnHiT.  ei.oliai|>'i'iv.4i«4. 
Scliuoliand  cliarebc*.  L'.  S.,f< ' 
Saence  and  An.  Vii 
Sciantiic  •Ull.BM*ttt<a*l 

Stbil,  G«B..  tvuM  ikt.  in  Ha,] 
^rapcfedju.  L...-    aniT 
on. 
Talvt  ol  < 
Scwia.  W.  I ! 

Staloa  hand*,  limil  in  (•«■ 
Seotloiii.  IcfiKih  of.  I  (A 

as  ilTcclcd  hv  <»tiu'r 
ScJlfni;  (j«icc  of  fDoiDudjun.! 
ikllloe  itinap'n.  »»  +     " 

and  whiaa  ol  t . 
SemBerlni  ry.  prMlk.t 
Shupaville  ry..  loco.  ML 
Shiiu,  W.  CpapirbT. 
Shl»inc,  ['.  N  .  Taluc.  *■) 
"  SbonCy"  line,  b^ 
Sbop  and  cmf  cbaritei,  laet.  1 

Snaiot.. 'iti.* 
Itb,  111 
Shon-haul  inAc.  r-a-aM  1 

[nican  dep.  _ 
Sboti  line,  mi^nt  cftccT  ed,  *■ 
trunk  llr.<  ,  ,0 

(.S-. 

Sidf'hiUi.  tIiwi<<.<-.>  ■-■.  '•:  i^A 
Side'hili  lin«.  cuivena  oa.!)! 

prelin.  cma.  of.  la 
Sidiac*-am.  ai  Hoacon.  Hn 
HMftai".  *Kii 
N<^w  Yolfe.  ^M 
and  Uunk  lioea.  law  alt 
iImiii     T,  *Iii 
(or  puabar  Bfado.  Mg 
p.  C  «t.  lectloiu  L'.  9.,  *  _, 
StdC^iack,  taUav,  and  inp^i 

Slcoal  caMni.  iMcttotkii^  f* 

Silver,  ta  vtartd.  etc.,  m 
Sntrfr  Plune.  aplral  at.  W7 
Sinh  Avr    KIrv   ry.  cvrvc^fc 

TtlliU,  m«rrt]lH}ua  fral  oCofl  L 

Slaik  lit  iou;«]erc^.  ^,r,,  attt.1 

Buffidjfton  mia  of,  *^ 

ini|>on'<e  6i  eliKlsai'c,  1 
SItepl*c<ara.  ittinra> .  as-.**) 
ttimliih.  '(^i 
why  ■>  trr«Iy  uMd.  gt; 
•cctli-nitn.  'oi 
SlldC'Valrc.  balanced,  sp 
deUfiption  of,  4  jf 
Iricllon  of.  (^j 
Ulanl.  tw  (f-«.  I 

Sllpplaff  of  <af -whcela  as  e 
aail.  due  to  flaofv  ; 
eiTQc  aa  IS,  ••7 
rel,  d(.  in  i-urTo,  'Mij 

aadakillof  rnv'T.t* 
eoe4a  ed  fnc^  «  ^ 
it  bccuB,  conilnaa,  1 

■»«  BOt  twIDOa^l 

•>o  (a«li  la  («. 
Slope- let  el.  we  of.  *l< 
Slcpo.  latc  of.  en 
HMCcb.  aeaalnii 
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Smi-Spa 

Snlih,  r,  A  .  loc.  ripn.  bf.  mj 

Ubln  (mm. «(« 
Saiiili«ille-N.  V.  ifidic,  r>V-  7>» 

'JdotAfcvri:.  etc ,  7^4 
Snow  tinil  tn,  MCid'ii  Iron.  *iit 

C44t  doc  141%  1 16 

•iBroH.  *>  c*UM  St  iwld'l.tu 

Soft-iiUtfl  T%iiK  frV,,  error  a  (tk. 

[ill 

Soil.  '-iTtr  "*■  "><)  lOUSh  CDiiatry. 

[&v> 

Sowh  Anwrica.  Am,  toe*,  in.  in 

roJIini;  alnfi«ii  in.  m 
Sonll)  AuiInllA.  rollmuoiKli  p*r 
Inil*.  ••? 
SMilb  Carolina.  aliKnei'i  >cuilit.. 
*M3;  ara,  p»l>u  .  btnimEv.  pc, 
n(  w'lT  **j*..  ram*r>>j»  per  m<l» 
tali  ixui,*v.  wMliii  ixr  up.. 
•>^ 
Sculhrni  PjHitic.  «<cMcnt  on,  ^vt 
aj'ffd^l  tTjll^l,,  *tf&f 

HUM  iDd  nrdinti.  *;(« 
Sonlheio   Sutct,  aliitn't  alallit., 
[•14) 
uc*.  pofm..  tidtn^,  p.c.  opf. 
cap,.  Mrninii  per  Dtle  isd 
heu.  C1C-.  *f  I 
bonili  and  uock  par  Bll*,*t«7 
csrvann.  >i(  .  la.  it] 
CUBIBKI  per  nllt.eM.,  *io7-J 
(all  hrtn  <ii,  Fti 
Ir*!.  eftrn..  tfirv.  A  loc&l,  'iji 
|[en'l  ry.  kUtuiici.  "i^-^ 
novrtb  rr-  tr*^"^'  't* 
Eaul    and   min  ItiaO.   nc. 

osla  rauiu  op  s.  *gj 
Dainl-  w>Trip..delaila.  "iifl 
iBLDCial  diTrl  I.  titril.  ''Ill 


p,    e.  paM.  U' 


id  li'i.   inffie. 

■■rlKhini-oillMt*.  *<i< 
lecu.  perinhi.piui  tnil  fr'i, 

[•"H-J 

ro1lii^E-«o<k  p#r  taiip,  *tj 
lon-milc  mlv   and  biiut,  *ii} 
trfiu'ld.   Buil   liau^    IrH    apd 

IllHl ,  •<)^  *ltj 

irlan^u'^r  cnurM  n(  trancAlf 
wcAllh  per  cap  .  'K- 
Soulh-wciTernStaEH:  *rca.popa.. 

Ltid>nc)i.  catriiE]|fi  per  mtle  *Pi1 
bta.l,  nc'ii 
iRiuht  cWDiDRi,  ibtouBli  and 
■cnerftl  I'y  •UtiM.,  tt 
haul  and  (rmin-Td..  clc-,*^. 
tDain  Tr«ulU"p'n.»qj  [■**? 
mamt.  wjt  «ap  .  dvmla.  *ii4 
op'(  eif>.  anil   tralllc   dei'li. 


t  IraAic.'ili 


p.  c-  pavt  and  ii\ 

•wllchtnc  inllMCr.'ili 

ncu.  pti  Inliabi..  put.  and 

[fri.  •.«-» 

ton-mile  recfa-  and  hjml,  *ii| 

trun-M,  BOd  haul,    fr'i    and 

ipaM.  ■«.  Sij 

Spkia.  p.  c  op  It  eiCKMei.  'tis 

(«^d..  r'^  wealth,  etc-,  "ar. 

nlliai^Kk.  mac,  cic-'u 


&pa~8U 

SpttldlOB.  K.  C,.  on  (M   rcp'rm. 

Specie  V-  S,.  value.  •«) 
flpRulativc  inietcti,  naiurt  ot.  if 
Spcwl  and  adhraii>n,  «)} 

and  trolr"!  force,  aijo 
snd  cuivtlure.  itt 

did.  much  or  linU.M 
iTrii  ibarp,  j>e 
anil  curve  realtL.  y>i 
and  (r'l  loc  cili..  «)« 
and  hcav)^  f  radra.  i(^ 
and  paaa,  iraltic.  i^\ 
tntnap'e  to  iimc  oiref  iq)'. 

I'm 

derued  r>  ip .  tj,* 

flflKI  on  locDa ,  •()«  +  ()n 
To  ■flnucB  r.*w  ciiAPUtk 
lortiliue  Kiadn,  LiMrr, 

«atreD>c  <»init\  oi.  4«( 

diuiuauoni   »l.   In    oraiilce. 

leaunii  Euco*.  by,  ^a 
frciiilu.   WAd    imprrjTtnf   old 
(Unci.  ii:>4-? 

Kncllih.  ••!• 

miiimuiD.  lU 

ule  aaaum^'']!  aa  to.  }ti 

itnilcncy  ii  high.  )6«,  (St. 
[t°i 
blRh.  evflDomr  ot.tit 

bai  cauMil  lain  botlen. 

hiifbcal.Hnjtl.  4  An  .*^t9 
itndancy  lo   um   hiehcr. 

locnucd  tif  laya.  r.  r..  ](«it 

liBio  ot  ob)ecii(>nable.  *>|i-j 
loweal,  aT  tuAiniri.  j^ 
loaiof.  tmm  i^'p,  »f4 
onmaa.arhlti  iluw.^r 
p«M.  and  fr'iulKahOR),  aM 
Tel.-licad  due  to.  *3tf 
why  hiEhtr  in  Rn«l'd.  'jw 

Spced.ffauce.  Injurious  clfecu  e4 
[ifo 

Sphere,   rollma    vl,  and   Oaaifc- 
Iwfu,  )a« 

Spin)*.  cluH*  of.  t)o 

del.,  and  advanugca,  Mt 
examplea  of,  61^-44 
Sl  Goihard  i'y,€jt 
MdMOl.  («t 

Ijpltjl.  *ri) 
Spill  aiilniien,  ttt„  ^ee 
SprafUT,  P.  )..  tcait  on  clfT.  f^. 

Sprlnrteld.  O..  iDc'o  It.  Y..  K^ 
(O.  at.  t« 
Spring  ear.  comprefaton  of.  tjt 
iiy  (rl.  of  car.  a>. .  mi 
loco.  Nt.  uid  cod.  *Ilt  + 
Suble  tqullibnun  on  iruck,  tit 
SuKc-<u4Gh  menauto   neceaury 
[iraT..  )i 
Sunlng,  tfttci  ilacli  on.  iv> 
eile<(  1o  cut  down  iraim.  44* 
Irie..  f.t:.  Juurn^].  1:1 
Itradv  for.  ncedc4,  jti 

Kuni  irac'n  rrq'd  (or,  jk 
j(..tiowdfti>t.  r» 

\ocn.  brtalcaeei  (ram,  ■«■« 
on  flevaied  r>,"j^ 
oil  ivTiEchhack.  ^f 
t«M.  (ralni, «« 


Sla-Stl 
Suniofr— !>•"  "  a  Af . 

rraiiL  «f.  ftij. 
<^<*  SLaiiona.  Stop.  Virtual   Pro- 
Alt.) 
Suit  r'yt.  projccilne. « 
SuUcniKiaii-).  leuKih  un  ilopm^ 

'  »■ 
SiMiooarr  tnjtiMa,  coBp.  ecanoi, 

{mj  (orfiiinc*,  St> 

«MI  and  elTi,  'jji 

l«cu.  an  equiv'i  lor.  <vi 

Sutionvrv  and  pnncinf.  coifl.  U. 

t>,  r'di,  and  »Kii..  *<r»9 

SuiioD.  rl(..<aptni».ataitnn  ei. 

•1  aOttcted  liy  dliL.  *««     (ttV 

no.  traioa,  ]M 

Bnillah.aat 

Sutlooa.  arc*,  cic.  N.  Y  .  tii 

•Hleaiti  al.  »> 

efineci  injr  irradea  ■(.  7^0.^1 -« 

eoai.  N   V  C   *  II.R,.*)i 

cufVt  f-mpenVo  ai.  tii 

diffic'iici  ■<!  miwIniE.  7U 

eletaccfl  I'y.  'jv* 

(fttfct  on  crade  rciiti  .  \tj 

tH'd    ell(((    rtmo'ins   from 

fradaaL  )i<         U^*ini.  *44 

and  loco,  dcalsn.  47) 

and  put,  IrSw.  V)i 

nvwth  ol  I«wn>  10. 1 1 

larffe.  iwlicta-tntE.  >i  puthffi 

ncaineaaof.  610  (ai.T^ 

on  EfidM.  DorloE.  toi 

enauiBBili*.  and  virl'I  T>r«l.i 

■vi.a  ron  t,i>cATi**i.  f,^  7^1  + 
rlrtual  iradM  ai.  ^ij   ni  -f 

Slalioo  auppllM.  toil,  idi,  and 
[aecla..  I'.  S..  •■70-9 

Star-bDllt,   wl.,  elc.   in  hoilei*. 

Slcan.   tipaatrlTc   enriitT    oDlf 
[uacd.  43T 
Iba.  per  H.  C,  av.  luc.tii 

tbtnreiKal.  't'a         I'll* 
wt.  and  heal,  tarinui  pitw, 
wl.  In  lota  f.r,  holler.  *»J4 
Si(aiD>boati.  full  tlrokc  enir.  lof. 
I'fft" 
S»ain.<h«t  and  hsUti  prraa.  m 
Slaiaa>4/iek(iFi.<oii  vdetTcy.*^! 
letd  and  Iai>.  defiii..  nv 

Sifrvl.  efTcf  of.  *.Aj 
iaa'pi  liver,  %(*,  (m 

uirt   f  xpaPiirv  eiierty  wy* 
workljw  full  ilroke.  *i>9 
<Sf»Sliitk>Eary.  l.nco.J 
Sinm.pipa,  lues,  uia,  'v^ 

WL  andCMi.  *ti<  4- 
Swam  pan*,  !«««•  by.  ^^o  ,•■ 
SicaiB'prEaa,  biiller  and  cfleniTC, 
RhkI'iIi,  *i>>  ['tt* 

H.  I'    dijf  \i'  varin»t.  *4y> 
lillle  cfferT  on  vc^-K^'imy,  j;] 
Iheorel.  (rain  b)  Mjlier.  •4!* 
Sleam-ahovrlt  workmif  urlh.coat, 

5l«l-rall.  i.f.,  ptT  cent  ol.  tK- 

[i,t.n.  V.  5..  •*« 

SieplienaOD.  C,  and  liok-noUoo, 

SmhinTint.  O  .  luao*!  m.  f«ii 
SwvcB*,    A.  J-,  lav.   MaModo* 

IOC.,fl| 

SiJAaaaa.  com  of  auA  m.  rail*. 
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Sto-Sur 

Stvck  anil  bond*  p-  milr.  Maleott 

ru.  £,•■•>! 

Ilutliuliont  la  prkc.  ;t 

□itlu(«  of,  sg 

ptr  milt  e'y  und  bc*d.  U^  S,« 

Siotli  f'n,  aignm.  .*ic-,^t»i  J 
:au>ppiui{  And  ttirtiiiir»  y  .t<,,uc^ 

Xt  IfFjdtf-CTr^WtnU*,  f.p^,B»*  A 

rfffci  nn  car  itid  cnf-  rfy&« 
fuel  <>unird  for,  j\^ 
SlOpI.  Cdll  ^f.  Bid 

belV)'  lluo*.  Hoi 
cITgci  on  MTJtdc  mitc,  m^ 

firiual  prnfltt.  (P,.  iw-4 
MS.  oLMhch.  C.K.R..!)}* 
00  mu.  cndn.  (Htcl.  (•) 
on  piubtt  n*ta.  n6 
fUDHC  lo«V-  ■».  *)» 
tin*  t««  by,  HI,  >f<.  Nt 

c«M,  etc.,  Tlri 
Smoc*  *>Ua(v  #  r..  nii 
Sum.  lo«>.f.*^ca«,*i(t  A 
Scenni  am)  iinKiatvak  )•■ 

gnu  000.  lackl.  t«t 
Stn'-csk  tlvialaset,  <SMt  on 
[tMOk.  »>,  ■«■  A 
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W1.  otf.  4*  aAai^t- '  ' 

looctaUr 

Phi.  Wl.    *H^ 

TniM  HBuaaii.  OM  CI. 

(•KB    V     - 

Trala  WBnaa,/.*..  >■> 

aa  aflKtM  kr  dlanaot.  *< 

kaatu  mva.  «■ 
t<M  of.  Chlrjwii  i*L.  *im4 
iDeii:aa  LT  3..od»:4      i 
iraHb  llw*K  •iT>-« 

■ode  ol  ■UB<.  Kx 
TKMidmldtuaclB  . 
TnaaU.  Cfaduatlnc 

H  onpumw  taan. . . . 
Tnmlnoa  nnea.  Ms 

uaoifiki  .^  WK.  >]■  4^  H 
prnjeetlm,  a^» 
r«a— ■  (Of,  an 
Tmm  l»nT.  iHiaMi^  Mf 
TlbMil  wort.  Me  .^ 


.    dom.b|.| .,_ 

TBnfHtcus*     aiinaau, 

•MiiamlT,  S,"tj. 
mub  iBn.  >ip.4 
maOBtacian  at,  || 
Trawwuw'a  ■ecfen-lm^  m 
ealnSn^>«  •" 
rraidca.iraik 

bL.MI 

pnUa'fT  aal'a  ■<■  ^b 
••1.  at.  wi« 
wood,  cou  ul.  aad  fiaAw 

eloMcr  ben.  ^1 

pnw  OM  ol.  fu,  1 
**««■.  cw  a  of.  M> 

rcnlllnc  oa"*  t*t.  ^ 
TrllanlK  eoona  nt  tnac  (f 

inba  at  can,  tod     lui 

Tiwcka,  aeodant*  tnm.  ■•«« 

tn.   MI,  eon  aad   dnnc^ 
.      n»»;.»nd  •«,»Mi.  •* 

lOGO..  IMd  tor.  (13 

McCob  vf  tnliac.  «>.  I. 
paaL  car.  dunaa^  m,  4«i 
pMMUM  olna  aa  (wnc.  ■«• 
■wUf  aisUm,  •*)aaa  r 

Tnibk   tlBB   aSB  aiiuca  ub< 
bat  in4n  oa.  *il  t 

«»tiBram«  aanUoav.  Tir 
«0*|MHtM   aad   ■>*<<■ 

[••*, 

RMDrmt  nr  wrau,  j 
car*n  ua.  *M  Um  • 
lall  of  niBa«.«tT'ti 

StBOdni" 
baed  rf 

L«*n  ■  •• 

waMLIodB.  ..,..^     ...' 
■Mat  waraai>,.Mr'«.'' 


» 


Tcu-Unl 
Trarit  Uoe*—Vf»ittttifJ.       (*ji4 

m'l  np.  aod  inAc  dfi'K 

p    0.  «rc-   "P..  l»w  »   l«. 

rllccl  nm  on,  m 
•Idlnc',  Ik*  u  IQ,  Bit 
UriB-ni.y  ■' ,  (tiKhnlby,  rig 

ton'tnilc  rec'it.  rICr,  'ijt 
tnOic.  du:^  >uri'n*  in,  in 

<hBQ£Vt  ID)  609 

tnto-I'd  Hd  croxih.  ■■>» 

tnls-aiilr.  cm.  'iiA 

Dtf  ISO  llfhl  nil*,  fito      [■»« 
Truaa.  (''i<w,  CMi  ud  dcpl'n, 
Tube*.  loeOL,  f.r-,Ulcsl,  ^h 
Tunnel*,  iplril,  *ji -t-.  tit%tti,  (W 

unMCMUTTiMI 

irranBiiutri.eL.  («r 
Turkey,  pop'a.  rni  ve^llh.  elc. 

Tatar,  latBal  radof.mdculi'M. 

Tyrone  A  CleMfleW  (riati,  'tw 

l'eitilwrci'y,lrat)em(Mlipiau. 

VltKr  A  Del,  allsn'i  (u*lii-,  'itg 

'  I'octe  Dick '  coatol'a  loco.,  w  1, 

[cic.  «>■ 

UndtrKromb,  dvcvplW*  <II*n  al, 

IM 

fmai  c'«u>nc  up  do..  I  fa 
UnduluUiK(;nd«.f.<'..di  Imp's 
(old  n»d«.  ;m 
currocquiv't  lo,  6u  — 
•limmsirj  by  QitMr^iy 
error  at  tf>.  m 
pBUing  inwhimm.  A«i 

faaancd  ioCRmnu,  )■ 
of  asniar.  ty*  d*c*iHd  by.  %»}+ 
aiEMi  Pidflc.  allin'i  lUUiL.'iA; 
CMI  liKO.  repVt.  Ill 
fludi-  in  iiKk,  *«& 
ailM  ud  cam  El,  ■}!« 
budlioB  tralna  m.  ijj 
ipiral  eo.  a>  + 
Cniltd   Kin^Tlftin ;    tTOf"   rV 
fontir  ,•,»,  piipn,  t*vv wrililj, 
elc.  ■*?,  '(J.  "(li  rolkifif  <tiDck. 
inlEt.HC.  *4i 

l.tVvCfcK  BiitaiD.) 

VBlI*d  R.  K..S.}.  train*  »  (u*1 

[cAfltamp .  *i)l 

V'niied  StuiM.  coai  r"yt.  «<..  *tj 

iuturv  r'y  conxriK'n.  '41 

Gjwid  of  r'yv  •»•-«  [(r'i,*oT 
al  and  iraia-ld.tic.  pn*. « 
locH  ,  oati  and  aU«  per  T^, 


uUln  per  y™(,  'oj    . 
nor  and  wofk  of.  *i6o 


('■» 


oain     rnulti     c4>'n      r'y*, 
liS7.-et.*« 
no.  irama  per  d*y.  eK. .  'gj 
opE.  «ap-  and   traffic  detail!. 

r*7  watlni.  by  fecik.  *H  & 
raica.f  I-..  o(r"y  did'di.  %! 
ton^iiln  p«  cat,  *ft 
Inlo-tMid,  (K ,  *n* 

'w«Wiho4.>>t-H 

Vy  Suw*.  *•«  [irtea,  •»» 
Cum  11,  wiib  other  coun- 
pep  0,  CDiE  r'y*,  <(e..  *fy 


Unl-V(r 
ITaloadloB  ploufh.  uk  ot,  Tutwo 
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Clio,  liU.  A  Kl,.  aIi£o'i  iiuUi., 
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d*icrn4  Into  ac  M  alopt,  Ut 
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Vtloclty-bnd.  deTn,  jjj-j 
and  braket,  t.r.vn 
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need  lor.  |«^ 

ralluule.  jte 

nl«i  for  prejcetiaii  )lf 

Hlerukior,  t6) 

TO  LAY  OUT.  ]Ey 

'  Vertlcnl  Blanc '  coufNali.  4)4 
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Virginia   Central,  (harp   Miop'y 
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WMlib  at  III  iuUdos,  ■» 

of  U.S.. 'as 

Kr  capita.  •16 
S.  Siatn,  *>£ 
growxli  of,  »*-7  .    . 

don  POL  help  poor  linen. 
per  b«d,  U.  S.  by  Suie»,  "irf 
Wibor,  Vun.  malnt.  wajr  Lnu.  411 

train-nnitl.  lonnuli,  ji; 
Vcmt  Alabama,  loco.  perioriD'ce. 
[•439 
Weucm  A  AtL^c,  car  repaln  on, 
[lull  detail!,  ■iei->'j-4 
Wenern  Pa.,  aHjo'i  Kaijii.,  *j*> 
Wtiuia  States,  allgn't   lUIiit., 
[•■«3 
bad  lacuiod  In.  6,  ar.  jjo,  jSB, 
[£60 
boDditnd  ilocliper  mile. '107 
eoDpar'n  accldenii  in,  ija 
curvature  in.  363 
cardion  per  m..  *io7 
dlitrlb'D  o(,  'loS  ['131 

treiobl  nta.,  ibro'  uid  local, 
gnae  and  curre  limits  in,  t, 
[si,  3JO,  5S8.  6s6 
gnde-cTOHinjfi  in.  So^ 
nowihr'y  ajrileoi.  "44 
neaTj  gruea  In.  '363 
Bain  multa  op'n.  '93 
nc'u  per  intuib'l,  pais,  and 
[in.,  •104-} 
roillnB  ilopes  id,  S44 
rol1in(f-stoclc  per  mile.  47 
tiajo-load  and  haul,  frt.  and 
[pai.,  'iij 
Krowth.  *AOi 
wealih  per  cap.,  36 
Weit  Md.,  loco  perrce.  **})) 
Wen  Shore  r'^..  an  example  of 
t wrong  judgmeDl.  707 
bridires.  Bpecifn*  for.  903 

weJBhuof.  767 
doable-track  on.  ;M 
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Wa»-Woo 

Wen  Shore  r'y— On/in u^. 

hiKorr  and  cane  faiion.  714 
locos,  and  Howard  Fry,  '409 
drCKns'n*.  etc..  '407-9 
load  on  drivers  per  n.  ft. 
|jrnie,*4js 
Itdines,  total,  *ii% 
iCasiTd  boa- car,  *JjA 
term'l  eip..  etc,,  N,  V.,  *txi) 
track  Buffalo  to.,  *8ii 
Wetherlll,  W,  C,  repon  to,  ^i 
Westidghouae   brake,  re,  mi 

Weitinghoaic,    C,     cap  ti     on 

[brakes,  434 
Wbest  rate,  effect  Ions  haul  on. 
[710 
Wheel-base  and  curre  reiiit.,  306 
loco.,  f.i'.,  all  lypea,  •407-410 
long,  effect  on  wtieeli,  iSj 
position  of   injcks,  ^.e-.,   on 
[currea.  f.p.,  iSa 
Wheel  coTeri.  locn.,  •iij 
Wheels.    (5rr  Car  Wheels,  etc.) 
Whims,  sflecting  irathc.  59-3 
Whlnery,  C,  paper  by,  jifi 
Whistle,  loco,  cost,  •jii 
Wilmington     and     No.,    align^t 
[slaliit.,  'ifc 
WImmer,  S,.A  Mea,  ^7,910 
Wloani,    R,    M,,   InTented  Am. 
[car,  411 
Wind,  acddenta  from,  *S47 
and  bridgea,  qoi 
*el.  ol,  and  train  toil,  70S 
WirC'drawlne.  loco..  ^.f..4jo-f- 
Wisconsint  align't  statist..  '963; 
area,  popu..  lidinj^,  p.  c.  opV 
exp..  earnings    per    mile    and 
head,  •90:  wealth  per  cap.  '^fi 
Wisconsin  Cent.. tiain-ld.jif row Lh, 
Wood  ai  fuel,  139  ['loi 

for  kindllna,  amt.,  *aD0 
H.  U. Id, -490 
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Wood,  early  eap*u  by.  on ^ 

[•100,44] 

Vaodbnry,  C.  J.  H,  trie  ttnu  bi, 

S0*"» 

Wooden  structures,  right  use  o>, 

«  ^      ..  .     t'*- '«■»*' 

Workand  force,  33S.  4^5 

Wotk  and  vel.,  loteTConsert.  ei,, 

^       ,  .  l34».M 

bow  destroyed,  331 
bow  expreaed,  33S 
World,  popu.,  r'y*,  wealth,  ele. 
l'>7.  ■43.*4J 
r"!  syilemof,  "41-j 
rel.  traffic  of.  "i&i 
wealth  of.  *a7 
Wunemberg,  coat  r'rs.elc.,  "45 
Wyonins:  area,    popu..  sldlDj;*, 
p.  c.  op^geap.,eamings  per  mile 
and  head, '^ni  wealtti  per  cap, 

?on  Balt.&O.,  m 
ards  of  cloth,  selling  less,  49 
Yards,  avt-  enga.  ^  r.,  at.  504 
classes  of  sidion  for,  *&si 
ETcateti  in  world,  gii 
>.  Y.  terminals,  tf.t-.,  •H19 
N.  V,  Ti.  Buffalo,  S93 
often  near  bad  grades,  &» 
□  DFraElng  of,  ftio 
blippinc  drivers  to,  797 
standing  idle  in,  cn*i,  A03 
Yard-work,  effect  on  loc,  and  cv 
rep"fs,"ifl 
Yougbiogbeny  r  y.  loco,  pervce, 
"43* 
Zacatecas.  long  grade  at.  *joo 
Zangronei.  R..  &  Jalapa  line.  9;! 
Zero  temperatures   and    dyuav. 
[tests,  ol 
Zigug  develDpuenl*,  del..  67! 

eaample  of,  931 
Zimillhuacan.  barraooof,  94s 
Zamoia,  location  at,  jaa 


ADVERTISEIWENTS. 


iLli 


A  D  IS  ft  r/s£.v£>vrs. 


GEOMce  WEsriftfiHOUSE,  Jh..  Puhmht. 
C.  H.  Jackson,  vioi-phuieeut 

ChjA   R.  JOHMSON.  SKiiat  eno.  MS  Oln   MAWOm 


RoeeilT  PiTCAIftN.  Twiuxo. 
AMPH  T.RowiiNO.  SacatTorfL.  i 
Henov  Sxvocn,  «(•>  tAi>T. 


ONIOIi  SWITCH  AND  %\kl  CO 


OF  PITTSBUROH,  PA. 


SOLE  MAKUrACTUReRS  Of  APPROVFJ) 

RAILROAD  SIGNALLING  AND  SWITCHING  APPLIANCES. 

Plans  and  Estimates  and  all  particulars  promptly 
furnished  on  application. 


Sipals  for  Swilclies,  Cmtle  Crossinffs,  Jimclidiis  ani  Temiiiials. 

FSBTEOT  IHTSSLOOSINS  AND  AUTOKATIC  BLOCS  3I0ITALS. 


OmCR  AXO  WORKS: 

■v/>ra'  c/rA.vaF.  or  appxkxs. 
"Weaiera  Axaot,  B.  H.  HeDUTms,  Horn*  Iiuantiiee  BuitdlBg,  CtaliMca,I11.1 


ADVEh-TtSEMENTS. 


THE 


UFFICES  : 


SOB  South  Fourth  St., 

PHIUAOCLPHtA. 


a  Wall  St.,  oor.  Broadway, 

NEW  YOBK. 


Works   at   STEELTON,  PA. 


MANUPi>CTtlllBKS  or 


STEEL    RAILS, 

All  MiiiJ>i<l  I'.iirriTi'.  fioin  th  lb,  per  yunX  to  76  Ih.  pei  pnA  aad  ■pwanlt. 

STKHI.  sri.lCfX  Anele  ind  ftiin.  To  tii  ill  !Mliemt  of  lUUi. 

STEEL   IILUOMS.  FORUINQS.  nnd  XEBCHAhT 

UAHS  ul  Opin  nr»rlh  <>r  Hc"i-ii«i  S[rcl. 

Capacity  OTer  400,000  Qross  Tons  of  8te«l  per  Anaun. 

STEEL    RAIL 
FROGS 

OI  M  III:  SUii.]>[<!  I'mtcrni.  with  various  inaprovtmcnu  o(  iinpiKiuii.-c, 
tuitecl  t'>  all  coQililiiini  of  wfrice. 

SPLIT  SWITCHES  . 

AND  IMPROVED 

SAFETY  SWITCHES.    ^ 

SWITCH    STANDS  AND    FIXTURES.    OF  ALL  KINDS/ 


■■S»ya£=?a£ifc='Jr-'^  '/ 


Thii  Company  has  ihe  c^n'Mt   capacity  in  the  Unite*!  Sut«*  /«  tbc  pro- 
duction  of    FRO(;S,    SWITCHES.   &C..   and   in<it«i   aiienlioB   to  pncd   mm»_ 
^u*lil]r.     All  work  miiit  intsrch&n^sblc,  •nd  true  to  ftonduds. 


AD  VEft  r/SEMEJV  rs. 


Hi 


Eaublinhed  1831. 


il 


m 


Annuikl  Capacity,  600. 


::ii 


"'Ills, 


BURNHAM,  PARRY,  WILLIAMS  &  CO. 

Proprlelort, 


Sroad  and  Narrow  Gauge  Locomotives, 
Mine  Locomotives. 

Plantation  Locomotives, 

Compressed  Air  Locomotives, 
Log:g'ing'  Locomotives, 

Tramway  Motors  and  Steam  Cars. 


ALL  IMPORTANT  PARTS  MADE  TO  STANDARD  GAUGES 
AND   TEMPLATES. 


like  larts  of  different  En^es  of  same  class  nerfGctly  intercliaMealtls. 


A£>  y£S  7ISEME/fTS. 


F.  ANDERftOH 


C  C.  BARK, 


ANDERSON  &  BARE, 

Engineers  and  Contractors. 

^ddi-esa  «40    XCleventh    St<%«t,  JerfM>:c    City. 


•VIU«LL*M  n*-'U*l  *tT. 


Pneumatk  Wotk.  Deep  F^mndfttloni.  ftnd  Tunneling  in  ^ifi  Maretiib.     Coo-  { 
Irn!  the  Paicnu  foe  ihe  Auioiiutic  Dredge  aiulilicAnderiou  System  of  Tvaacling. 

The  folioning  Worki.  among  others,  hive  been  extcuied  liy  (lie  prevent   firm 
of  Andcnon  &  Bin.  and  will  (how  the  wiile  nrigc  at  llicir  experience. 


Paebm^Iic  Cylindvn  uid  Drcd^cL 
LltlSi  ^«*,  Ark.,  KtiJit. 

PneunlMlo  CaiaWu. 
SttJitni  ftivtr  BrUip,  Pmldnta,  K.  I. 

Cylindin  lunli  by  Drtd(n. 

f  Dtumiiic  CiHOBi,  tj  foti  l»1i»r  nter, 
M  mllo  from  oMrai  lutd. 


Oblique  pHunutic  Cylinden. 
».ai»faHar  ii-lt.  iuohIi  ihrvuih  xnil. 

by  Dndaet. 

//d''»i  AViv*  BrMtl.Ktmr*rk  Ci*^ 
Paeunaiic  Cbi'iuo,  MSia«  Ik. 


AD  VER  r/ SEMEN  rS. 


EDGE  MOOR  IRON  CO., 

—DESIGN  AND  MANUFACTURE— 

RAILWAY 

BRIDGES,  VIADUCTS,  AND  ROOFS, 

IN    STEEL   AND    IRON. 


Tension    Members  Forged  without    tlie  addition    of 
extraneous  Metal,  and  without  Welds,  Piles  or  Buckles. 

Compression    Members  manufactured  by  Processes 
which  insure  an  entire  absence  of  constructional  strains.' 


WROUGHT-IRON    TURN-TABLES, 

WiUi  OrattM  of  OonioU  8t««l  Bollen  ^nd  SImI  FImm. 


GALLOWAY    BOILKRS 

Olvliut  OrcktoM  BaCnr.  Boonomjr  ftnd  DunbaUiy. 


Main  Office,  Edgemoor,  on  Delaware  River. 

kOST-OFFICE,  WILMINGTON,  DEL. 

Philadelphia  Office,  1600  Hamilton  St 

WM.  SELLERS.  PntidanL  GEO.  H.  SCLLEM,  0«*.  tapl 

JOHN  SCLUR*.  Jr.,  Vlo*-P>«rid*iil.  WM.  T.  tlLLCHS.  SMrctary. 

WM.  H.  COMHUX,  TfMliir«f. 


AV  VER  TISEMBfiTTS. 


•AHUCL  M.  DODO.  FntMMt 
JOHH  ■.  OflAV,  VMvPmidul. 


K.  L.  ADftrOK,  tM'y  Ml  t„ 
OCO.  H.  POOR.  inVL 


American  Brake  Company, 

HEW   TORE   OFFICE,    160   BROADWAY. 

JOHN   B.  ORAV.  Vioo-Prcaiilont. 
MANUKACTf RVRS  OV 

AUTOMATIC    FREIGHT   CAR    BRAKES   AND    STEAM 
DRIVER  AND  TENDER   BRAKES, 

ST.    LOUIS.    MO. 

VTe  offer  lo  Railwajr  Compaaict  the  onlj'  ExclteiTel?  IndcpcBdeiit 
Frcichi  Train  Brake  u-tiUti  hu  yci  hren  adopied  Yij  t%y  MsuVmtj  in  the  mit 
Oar  Sicani   Oliver  and   Tender   Bnl>e   ti  aduMwMdged   (a   be  tbe  Cli«af. 
Siwcleti  and  UEST  Vomtt  Brake  now  in  me.     Ii  now  aicd   by  350  dUe 
Riltroadi. 

THE      NEW 

"IRON  CLAD"  FIBRE  TRACK  WASHERS. 

P«rf»ct*d  bj  I«D  Tun'  SzpMleu*. 

SntpMUa  (11  olkv)  Loik'Nal  d>*ka  is  OuvWUb. 
KlfcoUrwiMw  and  Chntpnmh  TiiM|il  111  I  art 
im«ei»4  from  ihr  nMkn.uanM  b>  rrmliaJ.  •*  W« 
■13  luc  Ina  thcii  •ladoii',  wm  tm.       \lmm'*  *»  *«* 

Thr-r  *>*•  ubiHilatrlr  pniftt  Uia 
ibv    r>nli>   rmtn    >>4>mBilna   rbafM.  MM    yvrwH 
ulil  liolu  lo  >•«  ullllihi  upoH  wMck  Um 
lu**  bvcumo  baits r-d. 

NEW  VORK  OFFICE 

No.  15    Dey    Si 

rim  0.,  WUlgtal,  M. 


AD  V£/l  T/SEMBlfrS. 


*U 


THE  CLARK  FISHER  "  BRIDGE"  JOINT, 

'  OP  WROUGHT  IRON  AND  STEEL. 

All   I'arlu    H'arruHted    ayaiuat    JSrettkiifff. 


,    \ 


i*T  run  iiiB«. 

TbtK  It  nni  i  **  lutp.-nvion"  jaint,  Xt  U  m  "imff-^fifJ'"  joint-  with  W^Mf  tb*  nmont  <f 
tuitrx-ri  c^m  by  npy  "(W  ihrnLifrh  rh*  Ai^hvil  Wanr  bnngiiiB  iTiv  lo«d  nimn/ww  ACllnt 
loff^ihrr  H  VB«  dirvfllv  *to^*r  |f  ?  rail  tndi.  Co<nbin«il  tupporl  ol  IV4>  Ua«iAi>i|  •■  OM.lOV 
«c!t  joint,  lad  rail  eiid»  c*moJ  ^if«ily  by  ihe  «e)wd  tieuii  aiiil  «ft**d  DOWN  M  it  »Uh  4 
V*  Af  I  ry vKf  pound*— mtltinc  ptactic^'lY  *  co&l  inuuiih  rail,  yv  hoto  in  vcttof  rw'— vhob 
■tt'.f  ?r  hi44  for  •Bppari  4nd  wcai     Na  t^mk^cof  (nil*  or  jojnu-     Ka  '^  Iqv  JoiTitt/'     No 


ivKf  pound*— mtltinc  pfnclicATr  i 

id  wc»i      Na  ^  ... 

Cnu  cii  Vt^pHiQ  up  [r*fV    mlij^r^l   to  frn*   half  Ol  4NiH  irilU  tafl«< 
>■<  4.     I\'r  Tuflhrf  LilofTikfclV'it,  'vJJ'ftk, 

FiSHER  RAIL-JOINT  AND  ANVIL  WORKS, 

TRENTON,    N.    J. 


•o'l     ... 
n  bin.  and  givkitit  iin'iM(]b-'f  «urfj 


THE  BUSH  INTERLOCKING   BOLTS. 


SAFETY 

Bj  PreTentlnx 

of  K*il-. 

and 

Prrnll  iiient 

or  TrniBS 

from 

Broknn  Itailo. 


ECONOMY 

B) 

Rnluring 

thf  Ci»1  of 

Xilnteianco 

of  Way. 

and 

PrulontrlBg 

Life  »r  TIM. 


8rnKADtNfl   or    RAIIJI  AR«OI.irr<I.V    PRItVKSTKD, 

TcMrJ  for  mi.r.-  iViin  FiHtK  VK.IBS  and  luimnd  by  lamt  of  ihr  ifoii  tminni  nilnM 
offiiriala    in    ihc    I'ml..!    )-r»--       [n  ux  dh  FIPTRKN  ftm-cliM  I-*dt.  «>lh    iIh  now 


THE    BUSH    INTERLOCKING    BOLT    CO., 

307  Bouth  iTounh  Biront,  yau.AaKt.yaiA- 


ADi'ER  TiSHMEN  TS. 


ESTABLISHED     1840. 

W.  &  1.  E.  GUELEY,] 

TROY,  N.  y.,  IT.  S.  A.. 

CimENOINEEES'aidSORVETORSl 
IRSTROMENTS. 


All  InsliitnMni*  lemt  lo  the  puTctmet 
jusled  and  ready  for  imiftcdialc  lue. 


Sond  tat  ruU  nioaiMiAd  PHc*-Ust  knd 
CSreuliv. 


THACHER'S  CALCULATING  INSTRUMENT. 

Kui»|itn  In  nuhiflicuua.  dl*WM  pto- 
mnrt  ihu  ll>n<  qunuitin  an  HiTed  G)' Ola 

li  .1  Lf»>ii;in.i  (.,r  ihj  UT  of  '-nKin.*™,  •fehitotii    Miu»n»»,  Hkoiiui.  MCtntnUMt. an 

III  ukAiI  Hiijilicaliuiu  In  u  K'ornil  lu  Iht  tiindiacBtil  nilo  e(  (ndmiclic. 
liitquic^ly  lnRial,ucuilr°p<r*tol,  lod  wanhdmbliiiifnu.    SkiiJ  ft»  tpHMocnh. 

PliM.  In  HuhogMir  Box.  $30.00. 

Fm fbnlHr  inferautioB.  Mldnv  EUWIN  THACUI^R,;!)  fcda  A<«..  PlMibd«h,BL. 


ADVER  r/SEAfEN  TS. 


OSGOOD  DREDGE  CO., 

■  ALBANY,  N.  Y.,  V.  5.  A. 


-ilANUFACTURERS  OF  - 

I  BOOM  BREDGES  and  EXCAVATOES, 
DITCHING    MACHINES,    CRANES,   Ac. 
fe  No.  I  EXCAVATOR.     No.  2  EXCAVATOR. 

might 40  Tom.  y>  ToD» 

Main   Edkidv »»li  Dbl.  Cj\.  hi(%\ii  Dbl.  C;I. 

Crovdiog  Engine.... OV"^    "      "  6^>< 

,,        Dippei • a  cubic  yanli.  t%  cubic  fanli. 

^B  Avcrofit  Capacity,  lo  boun s.soocubic  yaidi.        iiSoocubic  Tatdv 

^M       Boom  and  A-Fram«  lowered  to  ^  under  brideeK    Will  rua  in  anjr  (r(i|>h(  tniu. 

H    No.  I  Escarator  (lug  4jOtOOo  yanli  in  9  moDlh^  i986. 

W    No.  I  51.000    '•     ia  May.  16S6,  10  boon  a  itay. 

No.  a  "         averaged  i.Boo  yards  a  day  for  irliolc  k**oii,  1SS6. 

No.  s  "         wan  taken  dowu,  rvQ  JO  mlia,  ud  mi  up  rtady  10  £0  to  waik, 

in  ooe  day. 


ADV£S  r/S£Ji£.\TS. 


TRAUTWINE'S    POCKET-BOOK. 

"  B»and  all  aimiinn  the  b«U  practicil  nunuil  for  ihc  «iistii«cr  ilut  hu  r?ft 
appcftrcii,  "— Z'™/,  Crt',  L.  y*$t,  C.  £..  in  -  MaHuaJ /rr  flaiinaJ  entintrri.- 

*  *    *     "The    addittoni    and    MibKltiirioai  are  to   nmmrr'"!''    ' 
chaacn  thai  there  U  harUly  in  inipoftiuit   Kiikc  of  thr  roiume  wi 
aSeclcd by  them uid  lin|»i>rcd," — K-iilrmJ Cautte,  Xnira- *t  i-- 

*  *    '    "It  u  the  b»l  cinlencinect't  pocket-book  In  ciBtciice."—/4iiwnnni 
£t^ittrT, 

TRAUTWINE*S 
.     RAILROAD   CURVES 

•*  I»  prabably  (he  inoil    n>ni)>lelc   and  prtfrcl    trcatttc  on  the  lioflc  «b)«ci  tt 
Railroad  Curvci  Ihal  u  psbUthed  in  the  Enfliih  hiacucc." — Engii^tri^  .V*wt, 

July  yi.  1886. 

TRAUTWINFS  EXCAVATIONS  AND  EMBANKMENTS. 

lOtli  Eiltlloii  (18*6)  Ndh  Brxlx. 

John  Wilev  &  Sohs,  New  York.         CtiACMAN  &  Mall,  LiiaUed, 

THE  BEST  AND  MOST  PRACTICAL  WORK  ON  EARTHWORK 
COMPUTATION. 

COMPOTATION  OF  EARTHWORK  FROM  DIAGRAMS. 

Bjr  A.  H.  Wu.i.(KaTOM.  M.  Ab.  Soc  C.  E. 

IN    TWO   V04.UMCt. 


Tol.     I.-T*lt.      aLMI 

Toi.  II.— piKt**.    a.M  r  - 


SoM  S«I>i>niialir  or  Tog«th«r. 

Gtvei  quaniiiiei  on  inn>cctian  to  (be  neateit  cubic  jrard  for  both  n^ntar  a»d 
InetEular  icclioni.  direct  iTOm  ordinaiy  field'DMev  Save*  all  nMltipiUcalMn  sad 
divUlon,  Very  tioiple  In  uht.  Conulni  a  diacnoloa  on  the  theiwy  of  ike  l*!!.- 
modal  Foimula  utDpliod  loewthworh  wlidk  wliich  b  by  niKh  th«  Mort  eoniiiTTr 
in  pfint.  betnc  bated  on  the  octiul  rvtulti  o(  nrioua  mvtbndi  of  ciMn|»«uili>a  e« j 
tome  thautandt  o(  actual  aolklt.  a»d  th«wng  thM  the  wnplnl  method  a<  apfillp^ 
Ing  (he  (flimula.  invotTiBi;  batdly  any  addMoiul  labor,  t*  abo  the  Bcnt  (ccanie. 

All  Ikr  Itdifmi  part  tf  Iki  fmpiilttii»»  ef  ttrtk^trk  tt  t^ttd  if  tkt  mttktdf/ 
Ikii  \tltimt.  wM  luiitAHliai  itttTrati  e/  aati'aiy.     For  lale  by 

"ENGINEERING  NEWS,"  Tribuns  Buildins.  Nvw  York. 


AD  fEK  TISf.MEN  TS. 


GUSTAV 


LINDENTHAU 

CIVIL    ENGINEER, 
FltUburg,  P*. 


SPECIALTIES— Difficult    Foundations.  Long-Span 
Bridges,  and  all  Iron  and  Steel  Constructions. 

LEWIS  M.  HAUPT,  A.M.,  C.E..         " 

PtOdNMr  of  CItU  BudoMTinc^  tTnlTvral^  of  F«iuw7l*<u>l>.  FbUadelpbU. 

AWTHOR   OP 

•■CNGIHCCfllNO.  BPtCiriCATtONS  AND  CONTNACTt." 
"THE  TOPOORAPHEK'  HO  IN8TIIUMEMT3  AND  MCTHODe,** 
"THE  AMERICAN  ENOINEERINO  ftECISTEH'  (ISaSi, 


A,eo 

3.M 


Ooasnlting  Engineer  and  Expert  in  Patent  Causes. 

RAKBOK  AND  KIVER   I  MPIIIir  EM  F.NT8  A   HPECIALTV. 


Testing  Laleralorj  of  Wisliiiigloii  liiiiffirsilj. 

Cor.  17th  St.  and  Washington  Ave,  St.  Louis,  Mo. 

AM  UntUflf  f'laysiral  anfl  Ch«injc«l  T»i»  n^idr  on  »hQrL  D0(if«,ahc1  tvmliratF^  fiimiihed 
F^flliEla  UAcquAllcd  In  iLc  Wat. 

Tctta  tA  ih4  tircnEili  of  Vk'oad^  Sioiar  Brick-  ['<'"  nii*!  StcpJ.  in  TenikEaD.  Comprcuba  >nd 
CfDti  Jfreakli^E  up  t*>  (m,.  ■-.  pr^uni^v  Ornmi  »in>  |»(#<1  in  vartou*  urayi,  Specimen*  «in  be 
^aped  JM  the  Labormiory  ■!  ^faap  prirs-  Chemical  compwition  ilrecfwittcd  ivhco  ^aiird-  B» 
nli»  C4^rd  Jmd  kepi  f  Aafidantul.     Scrikl  for  [>«cHpi]v«  Circular. 

A1m>  SmlB'^Hti  tk*aiiD«i]  jod  vhvck«d,  intl  roAtulutiori  vivcii  «n  ihc  dm1b(  Of  Spedft* 
adan*  and  (Lt  Dimicuiotiing  f^f  ^Eruciurft  in  sccordutc*  «r»h  (b*  bt4«i  pnciia  ud  iha  notf 
nliibleiHiior  nuurbb.    Ad^rat.  J.  O.  JOII?r»OX, 

Prof,  CIWI  Capactfinr  ud  DiRctor  dC  L*^i«MV7. 

A.  M.  WELLINGTON. 

CONSULTING  EHGINttR  ON  THE  LOCATtOH 
AND  IMPROVEMENT  OF  RAILWAVS. 

Room  97  TRIBUNE  BUILDING.  NEW  VOflK  CITY. 


AD  1  -EX  T/SEAf£.V  TS. 


Engineering  News 


Georse  h.  FnosT 

fiuiinau  Manage!, 

ENCINXRRtKG  Nkws  U  ■  wceklr  Ncord  of  all  impottani  meincvrinc  work* 
pioiKtol  and  in  progrnt,  Ii  (IImtuuci  fully  uiil  carefully  all  proMcnu  con- 
■ccted  with  tuch  worki  ai  llicy  ante,  ft  ii  ttp«cullj  full  <n  Tclnlkcn  lo 
auliers  connccli^l  wiili  Surface,  Cable  and  Elcviled  RailnDyt.  Water  Workv  and 
Hyiliautic  Engineering,  lit  re^Ur  and  occulnnftl  coolribalon  induUe  a  lar(e 
praportioD  of  the  moie  eminent  and  capable  cngiiieen  of  the  coiiBtiy. 

Features  of  Special  Interest  are: 

Th*  CagiiittFiiig  Ntwi  of  1h«  Wt*h  ii  lumnuriud  Mnciwljr  tnd  raultbly  M  Iha  ftnt 

Vlavi  (lid  Onwlngi  Is  8otl«  ol   ill  IMW  and  impoiUBi  urucitim  iBd  im]«c<*  Ife   six 

Tfi*  Progrvii   and    PrHpadi   af   Centlnietlan    »d  alhcr  KimiUr    dctidl*   fera    ihow* 
dibonta  (otorcd  MAP^  «hkh  in  ihuiiI  m  Inqucni   Inimili  («  tucmilv*  Hciicai  d(  i 
V^lcil   SitiM.   (irinit  ai  >  kUdcc    much    uifunnaiiun  which  en  be   had  lhniu«l>  bs   alb 

CDiHtfuc4>fin  and  Conlrifiling  Nnii  It  abtinf  tvd  and  <lMufk4  tacti  vcehlu  more  card ulljr 
thqb  hi  tiij  o^het  ;jubtiL-J11ull, 

PHlliont  Vteini  and  Canlraela  ta  L>l  an  adnrtlwd  aiuc  CKiMulotly  In  thia  >o*rsaI 
■  aD  cMhcn  in  Amrriti  coml^ifivdi 

Tachnlcal  Notta  zitc  biior  aUtrain  of  all  iht  inianwuic  facta  ibal  appaar  in  lonisn  ami 
baOK  T'iitt1k,*M4ni  nnt  nlT>«r»'l«c  £fveD. 
Eikgiaatring  Diualan  c'  aU  bindt  arc  iainalifatad  and  dooibtd  profaptty  aad  fiill|r> 
Th<r  paid  circuUlion  of  Enoineuiikg  Nkws  among  ihoK  having  to  do  with 
caj^necnn);  work  ii  nlready  fu  lari^i  than  Ihal  of  aajr  other  Icdmickl  paper,  ll 
■a  the  only  juumnt  in  America  devoted  to  civil  engineering  proper.  It  lua  growti 
Bi>d  a  growing  with  great  npidily.  Itt  proprieion  aim  to  mak«  fl  the  le 
c^faneering  joumnt  iif  ilie  u-orid.  as  lh«  chiusctcr  and  extent  of  itx  field  dvj 
■■ndv     The  cooperation   of  all  engineers  i*  asked  lo  tbii  end,  trpteialfy  in  tie' 

CVIMFORMATION  AS  TO  NCW  WORK,  and  tMhnloal  <l»geriptioni, 
pkfftographt  antf  drawings  of  NEW  DESIQMS  of  merit  lor  all  •nginfaring 
iaUlU,  LARQE  OR  SMALL,  are  always  waitad  for  varly  publieation. 

SubecriptioD  Prloe,     .       .        -     S6.00  per  year. 
To  Foreign  Counlrlen,     -      -  6.66        " 

Addrcu 

ENGINEERING    NEWS, 

Tribune  BniliUng,  Xew  Torh* 


SHORT-TITLE     CATALOGUE 

or  THE 

PUBLICATIONS 

OF 

JOHN   WILEY   &    SONS, 

New    York. 
Losdon:    chapman  &  HALL,  Limited. 


ARRANGED  UNDER  SUBJECTS. 


Descriptlie  circiiliira  eent  on  appliutlon. 

Bnoks  m&rk«d  wllb  an  ftat«rlfllr  &rfl  sold  &t  net  pricM  onJj. 

All  boolu  are  bound  In  cloih  unleu  olherurlae  auW. 


AOBICTTLTTTBE. 

Aiiiisby'fi   Mnniiat    of   Cattlc-fepdirg 12mo,  SI  75 

Biidd  anil  llamrn's  Anicrirnn  Hnrti cultural  Manual: 

Part   I. — Propagation,   Culture,  and   ImproTement.  , .  .12mo,  1  60 
Part  II.— Syatematip  Pomotog.v.     (In  preparation.) 

DouninR'fi  Fruits  and  Fruit-treeB  o£  America 8vo,  5  00 

Grotenfelt'8 Prindplea  of  Modern  Dairy  PraetJcc.  (Woll.)..12mo,  2  00 

Kemp's  Landscape  Gardening 12mo,  2  50 

Maynard's  Landscape  Gardening  ba  Applied  to  Home  Decoration. 

12ino,  1  60 

Sanderson's  Insects  Injurious  to  Staple  Crops ISmo,  1  60 

"  Insects  Injurious  to  Garden  CYops.     {In  preparation.) 

"  Insects  Injuring  Fruits.     (In  preparation.) 

Stockbridge's  Bocks  and  Soils 8vo,  2  60 

Woll's  Handbook  for  Farmers  and  Dairymen IBmo,  I  60 

ARCHITECTTJBE. 

Baldwin's  Steam  Heating  for  Buildings 12ino,  2  50 

Berg's  Buildings  and  Siruetures  of  American  Railroads.  . .  .4to,  5  00 

Birkmire's  Planning  and  Construction  of  American  Theatres.Svo,  3  00 

"          Architectural  Iron  and  Sleel. 8vo,  3  60 

"  Compound  Ktvclcd  Girders  as  Applied  in  Buildings, 

avo,  2  00 

"         Planning  and  Construction  of  High  Office  Buildings. 

Bvo,  3  50 

"          Skeleton  Const  rue  lion  in  Buildings Svo,  .1  00 

Briggs's   Modern   American    School   Buildings Svo,  4  00 

Carpenter's  Heating  and  Ventilating  of  Buildings Svo,  3  00 

Freitag's  Architectural  Kngineering.  2d  Edition,  Heivrillen. Svo,  3  60 

"          Fireprooling  of  Slecl  liuildings Bvo.  2  BO 

Gerhard's  Guide  to  Sanitary  House-inspection Itlmo,  1  00 

"          Theatre  F'ires  and  Panics 12mo,  I  50 

Halfleld's  American  House  CarppntJ-r 8vo,  6  (X) 

Holly's  Carpenters'  and  Joiners'  Handlmiik ISmo,  75 

Kidder's  Architect's  and  Builder's  Pocket- 1 look. .  Itlmo,  morocco,  4  00 

1 


Mcrrilt's  Ktoim  lot  Buvldiiin  and  DKanilim  "v   . 

Moorkton'i)  i^infr-bullilinf- It. 

PhIIoii'h  rrniTtiral  Trcaliw  ofi         ni. 8vo, 

Sirlwrt  and  lllcein'*  Xtixli'iii  'ing  «ad  Mtuonry.  .8va, 

Snuw'f     I*iupriii(-k     CliHnic-l'.'ii/:ii^'     lM-iini>inlMlly     ImportiuiL 
Species  of  Wiinil.  (/»  fjiT^ioivjijivii.t 

WalL'a  BbglDociiiig  &it<l  Au-hlU'ctiKal  JiiiUpiudoMt Hva, 

Shotp. 
"      Jmvi  of  OpcntlmiD  I*rrtimitiMry  lo  CbrnttTucUna  iii  E«i- 

glnmrlag  mu<l  Archll«t1ur« .  .Hvo, 

SbMp, 

Law  of  Continct* , .,..,.. Bvo, 

Woojbury'8  Kin-  Prolrctioii  »(  Mill« 8vo. 

WottratvT  ami   Alkinuin'f  ?mnll  IliwpitaU,  BttaUMttiRDt  anil 
MnintciiHiir-i-.  iiikI  SujiKr-iimih  (irr  Hwpiul  Arr)iit«vtiiT«, 

with  I'laat  Im  u  SxohU  UinpiiJil ISmo, 

I'll*  Wnrlil'ii  Colunitiiaa  Ktpmill<in  nf  IAS8.  .  t  .ir;^  4Ui, 
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A£UT  AND  NATY. 

Btrniulou'*  SmokclMs  Fowiler,  Nllnj-mUuliMc,  uiil  Iha  lliwr; 
u(   tlte    OIluloM   Mut««uk . . , ISbo. 

*  DnilTt  Trxl-book  Qrdnanc*  awl  ('•uniirT)' SrVi 

ChaM*8  Screw  Piopellora  and  Matiti«  I'ro|iuUloB Sro^ 

Craiji'*  Azimuth «», 

Crehora  and  Stiuire's  Polarliing  Pbftlo-chronognpli 8vo, 

Cronkfaitc's  Gunnery  for  Xon-conuiuMoned  Utll/etn,2imi>,irior^ 

*  D*vis'»  KleuiMits  of  l^w - 6to, 

*  "  Trtatuc  on  tbit  Mjlilarj  Iaw  of  Umted  Stain.  .Sro, 
■  Stuxp, 
Ue  Bnck'*  Cavalry  Outjiuat  Dulivi-     lCa(T.)....t4iiM,  iBorooou, 

IHelx>  Soldirr't  I'irtt  Aid  Ilnnilhixil: ISno,  moroixu, 

* Pniitee'H  Moileiri  l''ri-ii<)i  Artillerir 4t0>  lutlf  Morocon, 

Durniid'i  Reaist.inco  nod  ropulnion  of  Skip ,..i 8t«, 

*  Dycr'a  tliindbook  of  lijrli)  ArtillfTj- ISno, 

Rinalf^r'i    Modi-ni    Higli    Ktid<'*iv«  I Bto, 

*  FVlii-gsr-*  Trxt  book  on  Fidd  F»rtiftc«tion Small  Bt«, 

HBjiillt.iti'*  Tb*  OimtnT'«  CntwhUm.  (In  prvparatton.) 

"  HolT's  Kli'innilnry  N'oial  Tactim .9ve, 

iKgalU'*  llnndbook  of  Problrmo  In  Riivct  Ftra Svo. 

*  "         BalliDtio  Tiiblw ,., ,.S\o, 

I.voniV  TTfatiac  on  £lectii>magn«tic  Plienomcna Svo, 

*V*btin'i>  PariiinnRnl  FnrliBmtioM.  (!tI«rniT.|..livo,  bnlt  mor.. 
Manual   tor   CuuilS'iiiarltal lOmo,   moioora, 

*  Mnmir'*  Attack  of  Fortifli'd  PtncM- > IZnio. 

"        "        Kl«in«nt«  '-'t  tb^  Art -if  War .8to. 

3d«t«aira  Cunt   of  Manufacture*— Aiid  tbe  AdmlnUtntion  of 

Workahopa,    PuMJe   and    Prlvnt« .8vfr, 

*  "        OrduaDW  nnd  Uuiinerj .  I2inn, 

Muiraj-'n  Infantry  Drill  itcgulatJDaa I81110.  paper. 

"  l'b''ln*'B   Pfai-diiil    Marinn   KuTTiylng Svo, 

Powail'i  Army  Offu-pr'*  Examin«i ISmu, 

Sharpa'a  Art  of  Suhituinjc  Armiwi  in  War ISmo,  morocno. 

Wnlkc'a  L«TturcB  on  Kx|>lu«ivtf» 8t», 

*  WTiMl<-r'ii  SipRC  Opcmtiotis  and  Military  Hilling.    ......  ,%vo, 

Winlfarop'*  Abridgment  of  Military  Lan. I2n)0, 

Woodbuir*  N'oi»  on  Mili(nri>'  Hjgiriie 16mo, 
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Young'B  Simple  Elements  of  NavigatiOD 16mo,  morocco,     1  00 

Second  Edition,  Elnlarged  and  Revised 16mo,  mor.,    2  00 


ASSATIKG. 

Fletcher's  Practical  Instructions  in  Quantitative  Asaaying  with 

the  Blowpipe 12rao,  morocco,  1  50 

Furman'g  Manual  of  Practical  Aasa^'ing 8vo,  3  00 

Miller'9  Manual  of  Assaying l2mo,  1  00 

O'DriBcoirs  Notes  on  the  Treatment  of  Gold  Ores 8vo,  2  00 

iUcketta  and  Miller's  Notea  on  Assaying 8vo,  3  00 

Wilson's  Cyanide  Proceaaes l2mo,  1  50 

"         Clilorination  Process 12nio,  1  50 


ASTBONOMT. 

Cntlg's  AziiHUtli 4to,  3  50 

Doolittle's  Treatise  on  Practical  Astronomy 8vo,  4  00 

Gore's  Elements  of  Geodesy , ,  .Svo,  2  50 

Hayford'a  Teit-boolc  of  Geodetic  Astronomy Svo,  3  00 

Merriman's  Elements  of  Precise  Surveying  and  Geodesy. . .  .8vo,  2  60 

*  Michie  and  Harlow's  Practical  Astronomy Svo,  3  00 

•White's  Elements  of  Theoretical  and  Descriptive  Astronomy. 

12mo,  2  00 

BOTAKT. 

Baldwin's  Orchids  of  New  England Small  Svo,  I  60 

Davenport's  Statistical  Methods,  with  Special  Referenee  to  Bio- 
logical  Variation IBmo,  morocco,  1  2S 

Thome  and  Benoftfs  Structural  and  Physiological  Botany. 

lOmo,  2  26 

Wcalermaier's  Compendium  of  General  Botany. {Schneider.)  Svo,  2  00 


CHEHZSTBT. 

Adriance's   Laboratory  Calculations  and  Specific  Gravity  Tables. 

12mo,     1  26 

Allen's  Tables  for  Iron  Analysis Svo,     3  00 

Arnold's  Compendium  of  Chemistry.   (Mandel.)    (/n  preparation.) 

Austen's  Notes  for  Chemical  Students 12mo,     1  60 

Bemadou's  Smokeless  Powder. — Nitro- cellulose,  and  Theory  of 

tba  Cellulose  Molecule. J2mo,    2  50 

Bolton's  Quantitative   Analysis Svo,     1  60 

Brush  and  Pcnfleld's  Manual  of  Determinative  Mineralogy... Svo,    4  00 
Classen's  Quantitative  Chemical  Analysis  by  Electrolysis.    (Her. 

rick— Boltwood.)    Svo,    3  00 

Cohn's  Indicators  and  Test.papera 12mo,    2  00 

Craft's  Short  Course  in  Qualitative  Chemical  Analysis.   (Schaef' 

fer.) 12mo,    2  00 

Drechsel's  Chemical   Reactions.     (Merrill.) 12mo,     1  25 

Eissler'a  Modem  High  Exploaivea Svo,    4  00 

Ellront's  Enzymes  and  their  Applications.     (Prescott.) . . .  .Svo,     3  00 
Erdmann's  Introduction  to  Chemical   Preparations.     (Dunlap.) 

12mo,     I  2fi 
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TMchfi's  PncUo*)  luBtriKitoKi  in  QiUBtlUUtv  AMpftiiK  wiUi 

the  Itlowpipc. -Ifino,  Dionicfo,     I   SO 

FitMiiluti'*  Manual  <rf  Qaalitailve  Cb«niictil  AnaljaU.  |W«lbL). 

bto,  a  00 

"         S^ctn  of  tntUnetion  In  QtiHJiltUtlrtt  CbemicKl 

Anslftl*.      (A)l«n.)    -Sto,     >  00 

ruwlM's  Witcf  and  PiiUic  ITmUIi.. .iSiDo,     1  SO 

Fiiminirii  Mnnitnl  nl  Pni''iW1  A>mi>'Iii)[  .  -  .     -  Svo,    3  QD 

KiiW'  <Ja«  uiid  KiK'l  An*lv-U  f>>i  Enpmr*.  ISino,     I  SI 

ilruicnXdt'ii rriiiri|>]ri o[ Motkni  Dairv  I'mniirf    iWuIl.l.lSmo,    2  OO 
Hammnriilcii'ii  Ti-xl-b<><>k  ot  fhj'Htnli'ax-jl  LbomUIr}.   (MandnLJ 

8vo,  4  M 
nolni't  Piiiid|dM  of  M>Ili«niatica)  Clitniiitrjr.  lUatgiui.f  I2ma,  1  30 
HloiU'i  liioT^nk  CbemUlry.    (la  inrtMnHom.i 

Uolltrtnnn'^Tpxt'bookuf InoiKamcCtiiMuUtrT.   i.Coopvr.t.-   8«(>.    S  50 
"       -      -^  UrpuUc  "     fWnlker  and   Hott.) 

(/a  |MV|Minriloit. ) 

Hopklno'x  Oil'<'Jieiiit(U' llaiMlbook 8>o.    3  00 

Kmp'«  CmI  Iroit »tii,    aw 

Ijtdti't  Manual  of  QuaiUilntiveCbmiical  Aaaiytit...  .....Itiuu,     1  00 

LaiutAiiri'o  S{Mvirtim  Anal,viU.     tTinglK.),. Hio,     3  UO 

lAMftrCotiir-1'ix-tiCAl  rrlnnryATialVKt*.   (Loimi*.)    [lit  prtiMiraltim.i 
L*ach'*  Tlio  Iiuprrlion  and  Aonlvui  of  Food  with  Special  Kcfrr- 

ence  \'i  St«t»  (.'lintrol.     ((h  fjff/Kiivilton.i 
LOb's  El*rtr(i!y»i»  and  HMiXMyailie^Li  <tl  Orf^nic  Ci>iB[waii4«. 

H^rmi.i -  .IZno,    100 

Mandfl's  HutidlK>ok  fi>r  BI««h«mliM(  I.nl>rTat"ry.. . ,     ISini>,     1  SO 

Uaton'*  Wiilpr-Bupplt'.     iCunailct'         from  h  Sani- 

t*rj-  Standpolnl-l  ;!.l  ten   .         Hvn.    4  <I0 

"       lixawliiattoB    of    waiw.      (<  i   ri<y- 

logital.) ':no,     I  2a 

MtTcr'a    TVtenninai4on    «(   Kadlolte    i'>    v>un>»    ,..  .iiidt. 

tTlDgtc.)  ,    , .  ISmo,     I  00 

JtHIInr'i  Manual  of  Aaiayinx .  - .     iSno,     1  OO 

Miller'"  KlMiiMilnrj'  IViil'hooli  «f  ('li«iiiiblry iSni.     1  SO 

MurKan'ii  Outline  uf  'ItcoTj-  of  Solncion  and  Jta  BmuIU.  .  IZmn,     I  fO 

•*        KlftiinnH  of  Phi-deal  rtiriiiUiiy Vino,     S  lU 

Nkfaols's  Water-Hupnlv,     lUtMuMneil  mitaly  bom  »  Clinnial 

and  Snntlorj-  Stiuidpoint.  IS*1,1 ^xo.     S  SO 

O'Brii**'!!  I^bornlory  Ouirii-  In  Clifiiiicul  Aiial.vix  Uro,    3  00 

O'Drivcoll'i  Ki>t«  on  the  Tn-atmriii  '>f  Gold  Hm     Sro,    2  00 

0«t  and  KoJb*cl:'i  Text-book  oi  VknaieaX  T<<«4innloj|cy.      <Lo- 
r«ir— Boitatt.)      (/n  prrpnraHiM.} 

*  Pcnfldd'!!  Volei  on  iSetMBitnatire  Mincralo^  and  Rcoord  nf 

Miiirnil  T»«t« Svo,  papn,    0  fid 

Pinnrr's  Inintduriiua  lo  Owiiiic  Cbuniatrj*.    (AaftaiL)     IXwo.    1  10 
Poole ■»  Oilorifif  Power  of  Furli .Bvi»,     3  OO 

*  Reww'i  Guide  to  Pirep  dyolw ,    ...  Bvo,  S&  00 

BJebana  and  Woodfflnn*!  Air.  XVHlvr.  and  Pood  frem  a  SanlUir 

StandpiMnt Btro.  S  flO 

Riclbards'sCoMori.lv1iq[ao.M'<dirir>l  t>y  .>Ntniturr!ki«irv    Itnio.  I  00 

'■  C««l  i>t  K'Kid.  a  Sliidy  in  fiielarln . ,  , ,      IKuwi,  I   00 

*  Ricbardi  and  Willinm<'>  The  tiinimy  C>>in|>iiler  . .  ,8va,  I  iO 
Itlckrlta  am)   fiiiMtiri  Skel*U>o  Note*  upon  Inarnnnlc  CIicri- 

iMry.      ^I'art  I. — Xon  mi-tii!!:    I"*i  r  i.  ni».|  .  .8t»,  mufrv:  7fl 

Riclcetts  and  Uilirr'a  Nolc  ou  .^             8ki,  3  OO- 

Rldvari  P*ir»ge  and  Uic  Racuml  1  •i<>i>.-»i><in  nl  SMragt-.Sro,  t  M 

Ruddimaa'i  Ineompallbilltifii  In  PirMrripliovu -R*s,  t  00- 

K 


Srliliiiff*  IVxt-buvk  at  VoluinctrU-  AnnljiU ISmo,    2  M 

SpeiiMr'*  lUnilliook  Ivr  Ch»iiiitt>-  ol  Ui-Fttugur  Uoutc*.  lAmo. 

inur..    3  00 
"       llaudtraok  for  Sugar  Jklmiutarturm  wid  tbvir  Clxm- 

i«U ,,,.,,. ..,,14niu,  moroooo, 

SlufUiridce'H  Kock*  und  Soil* Svo, 

'TUtman^  Elcnicnlary  I.ruAnH  lii  H(;al.., .Svo, 

*  "  IVkcttjitivv  (.icMVinl  (lirniiiitiy 8vo, 

Tunictturt)  &n<l  KiumU'*  Public  Water  »uppUot 8to, 

Van  DvrmU'r'a  Fliysknl  CheinUd.v  (or  IWghiiiorA.     (Uollirood.) 

I2i»o, 

Walkc'*  Lwlurta  on  Explosive* 9vo, 

W«1U'*  Laboralon-  Uiiiijo  in  Qiiiilitalivi!  Chftllloal  AmOysia-STo, 
**      Bbort  Couise  in  looinnk  (Jualiialtre  CIimiumI  Analy- 

H«  for  EiiRinPcrlftK  ijtudociU.  .    tZno,     1  SO 

Whlpiris**  Mioros(-op7  ol  l>nnkliiS'waUT 8r«,    3  90 

'WwchmiuiiiV  Sugar  Analjaia Small  ivo,    2  W 

L^ctiite-noU*  on  Th«ateU(«]  ChemlMry. . . .  Ibno,    3  00 

miaou'*  Cvanida  ProeMMa Kmo,    1  50 

ditorination  Ptmmu  IbiM,    ISO 

WitllUtT'i  Klfiitiilarr  Courav  In  Inon^anlo  KhariiMMiitiral  aiul 

Mtdiral  Cbi-miHtTV ISmo,    ZOO 
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CIVn,  EMOmEERINO. 

BUDGES     AUD     ROOFS.       HYDRAULICS.       MATERULS     OF 

EHGIHEEKUIG.     BAILWAY  EHGIHEEIUHU. 

Bakcr'a  Enginver^  StuTcjring  InsUumMiU. ISoki, 

Itlxby'i  Umphicol  Computlnic  Table. .  .Papw,  IBixlUj  iBChtw. 

DariB's  KtevBlicin  u[id  (-tuiltiL  THbka 8to, 

Folnrlt'ii  Sewerage.     (DcijfnioK  anil  Maintraanco.) 8ro, 

FreiU|{'a  Archlti-ttuifli  KiiKiiwwTtng.    Xd  Ed.,  R«wrltlMi. .  .8t«, 

Ooodliiic'a  Muaiojpal  Iniprovetnvnta. ISno, 

Uondrirli'*  KconomK  Diapowl  Of  Town**  Kcfuae 8vo, 

Gorn'i  Elcnivnta  uf  Ueodwjr 8vo, 

llajtori't  Tcxt-bool:  of  G«od*tic  Atiroafimy Bro. 

Howe'a  BetainlDg'«'sll«  (or  Eailh l£nio, 

Job  noon'*  Th«ory  and  I'racUtre  ol  SUTVuring Sntall  8to, 

-'  Rtadin  nnd  Earth,  work  Tahlni Bvo. 

Kiemled'i  Sewn^o  IJbpuMi IXno, 

Mabnn'i Trcatiiv  oo  Tivil  Kngi inhering.   (1S73.)    1W«0iL)..8va, 

•  Mnlidn'n  l>«iiT)pliv*-  l  iii>niMrj* .  ,..,...... ......  .8vi>. 

Ucrrimaii'ii  Kltmi-iili  "I  I'rrti-e  '>Hiv*»iiij£  and  OiMnlirty,  .  .  .8ro, 
Nli-triiuan  anil  Itp-okn'*  Ilamlliook  (or  t-urvc^votB.  . . .  lOmu,  nwr., 

W«tTinMii'n  EiNiimt-  uf  iMiniMr^  Euj{kiu<*>itag Hro, 

I  Mumot'a  Plane  Surr«jing ..,,8vi>, 

'  'Ogo^n'it  Sawn-  Di^kh )2ido. 

PattoD'a  Trealiw  vii  Cii  il  Knifioi-i'rluy   , 8vi>,  kail  iMlIm, 

Rncd'a  T<ipairTu|ihi<ul  Dniniajt  anil  Skelrliing ita. 

Rideal'*  S«whi!i>  Ami  l)>f  [kM-lnnul  Piiikllmtion  at  Suwimir..  .Hto, 

Sielwrt  uiid  Biggin'it  Modnn  S(OIl■^-I'ultin;l;  aud  Miuuiiry, . .   Sro, 

I  Sniith'a  Uanual  of  Topognplu<uil  DrauiiiK.    i  Mi'MilUiLt .  .Hvo, 

*  Tiaulniiic'a  Citil  Eagln««T'«  forki'l.hii'ik.  .  . .  l(imi>,  iiii>r<K«o, 

Walt'*  KnfiiiiPcntiH  aiM  Aicliitfclural  Juri>ipntil«nc« Svo, 

Skoop. 
*■      Law  of  Dperaliinw  Pretiminar.v  lo  CoaMnHUoti  tn  Ko- 
ftin««Tlnf  and  ArehitMinre.  ...,.i'i.> ,.  .6to, 

SllMp, 
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Wait'*  l*w  of  ContTkcta ...8vo, 

Wimii'a  StMMtomy — PrubUma  in  SloM-cuttlDg 8vo, 

Webb^i  PririikiM  in  the  Um  and  Adjiutmcnt  of  BngiiiBeiiitg 

iMlnioianta ....    ,.16ni«,  nioroooo, 

'  Wli««l«r's  EI«oieBtar;r  Coune  of  <^t1I  EogiaMring ira, 

WUmu'*  Topographic  Siirvnying. ,,,.,,. ..,.8««, 


I  ES 

4M 
S  SO 


BSISQES  AND  KOOFS. 

Boller'a  PtkcUcdI  TtmUm  ob  th«  OoMtruclhm  of  Iron  HigtiwuT 

Bri«l»» 8w>,  S« 

*  Bollvr's  iSuum  lUvtr  Bridge 4ta.  papvr,  i  00 

Hurra  Course  on  the  BtnwM  Ln  Briilra  biwI  Roof  TruoMo. 

Arched  Rib*,  uid  SiupcMiioin  Bridg«a 8vo,  S  50 

Ihi  rioii.'*  Mr^-hanlv*  of  Riipiiti-rlnp;.    Vol.  II.,    tjiMll  4ta,  10  00 

Foster's  Tteatitte  on  Wuodi-ii  TroiUe  Bridge* <t«,  5  00 

Fowler'H  Ooffer-dun  Ptomm  for  Pitn , ,,..Sto,  2  90 

Or«ene>  Roof  TnusM .8to,  I  it 

"         Bridge  Ttusbm 9ra,  S  68 

"         ArchfH  ta  Wood.  Iron,  and  fiton*. Sro,  2  SO 

Bow«'a  TrMtiae  on  ArohM Sro.  4  00 

JoknMa,  Btjui  and  Tumrauro'*  Tliaary  and  Practice  in  tka 

Dcdgnlnr  of  Modnn  Framed  Straotnrat Small  4to,  10  00 

ttcrriman  and  Jaeobjr'a  Tcit'book  on  Roofi  and  Bridgm: 

Part  I.^^truaN  in  Simple  Tninea 8to.  S  SO 

Part  ri.-OrapWe  Suticn 8*0,  S  OO 

Part  1I[,— Bndg-  i)«i)!ii-     Fourth  Ed,  Itcwriltfm 9y«.  2  50 

P«rt  IV.— H(gh«T  SlniQtuTW «to,  2  U 

Uoriion'a 'Mcmpbi*  Bridge 4t«,  10  00 

Wadd*II'«  D»  PoDtlbus,  a  Pocket  Book  too-  Migt  ERRfowni. 

lOfno,  mor.,  3  00 

"            Speclflrations  for  61«g1  Bridjn* limo,  1  SA 

Wood'*  Trcatiw  on  thn  Thcnrv  of  U19  Co«*tnie1ian  of  BridKCa 

and  SooEi 8fo,  t  00 

Wrlf^bl't  I>etigninii  of  I>niw-KiiKn*; 

Part  T.— Plat«-|ilTil«-   Draws 8vo.  2  flO 

Part  n.— R!T«t«(t  trtiM  and  PincoiuMctMl  l^itg-«Mn  Drava. 

,                                                                               Svo,  2  SO 

Two  part*  in  oao  voliima Svo,  3  M 


HTDEAUUCS. 

Ba^n**  Experiment*  upon  tha  CcQtncUon  of  tlie  Liquid  Tetn 

Iiniisgfrom  an  Oriflea,    (llKUtwln*.) 8to, 

Bowy'd  TV«atiK  on  BrdrKuUc* ....8to, 

Clitircira  Mediaoita  of  Bnginaering 8vo, 

Ooffin'a  Graphical  Solution  of  Hrdnuil(<^  ProUerai,  .ISnio,  mor., 
Flathpr'a  I>7naiiioroM«T*,  and  the  MeasuremcBt  of  Power.lSaao. 

foIweil'H  Water-auppljr  Bngineering... 8vo, 

FriMH'a    Water-power Svo. 

Futrtci'a  Water  and    Public  Health IZiao, 

Watpr-flltiation   Worlta l2aio. 

GaDgnitlet  and    Kult«r'«  General   FormuU  for  tbe  Uniform 
Flow   of   Water  in   Rivera  and  OlbST  ChanitFls.     (Her- 

fns  and  Trautwln«.) Bro, 

Haicn'a  Filtration  of  Public  WatcraapplT ...8vo^ 

Hnilehurti's  Towcra  and  Tank«  for  Waiw-worka Svo, 
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W        ncnebcl'*  IIS  EipoHmtQU  on  tb»  Utnjrii^  (;kpftoit7  ot  Large, 

I  Rivei«>J,  UeUl  Conduiu Bvo, 

I         lUaoD'a  WaUr-capply.    lC<iiwd«»d  Prineipdly  itom  «  Sftni- 

■  Utt  SUndpoiut.) Sro, 

UanintaAs  TrutiM  on  UrdrauJIca 8ro, 

'Mlohia'a  Deapents  ol  Analytical  Uecliaoits 8to, 

Bchujricr'*  RcMrroin  (or  Irr^SBtkiB,  WaUt-ponor,  ami  l>oiDMtia 

Watcr-nipplj Larga  8vo, 

TnrnMUm  and  ttuMell.    Pabllo  WaUr-mipnlfea Sm, 

Wtfmajin'a  Dati^  and  Ooaalniclioii  irf  IMina 4to, 

WaUr-Kupptf  of  tb«  Citj  o(  M«ic  York  from  10SU  to 

I8M 4to,  10  00 

Webbach'a  Iljilratilica  and  Bydranllc  Motota.   (Du  Boia.}..STo,    9  OO 

Wilton't  Manual  o(  Irrintion  EnffinMiing Small  Svo,    4  00 

WollTa  WIndmiU  aa  •  Prim*  Moror Svo,    3  OO 

Wood'a  Turtilnca Svo,    S  W 

Elamcnta  ot  ADaljrlicral  Mechaniea 9m,    3  OO 

HAT£HIALS   OF  ENQINEERIMO. 

Bakar'i  Tr*atiM  on  Mosoary  Coiuitruc-tlon Kvo.  ft  00 

BiMk'a  United  StaUa  Public  Worlu Ubiong  4to,  0  00 

BAvar'a  Stren^h  of  Uateriala  and  Theory  ot  8tructur«a. . ,  8<ro,  7  50 
Burr'a  Elaaticit}'  and  RaaiataoN  of  th«  Mnteriala  ol  Enginocr- 

log'   .,8ro,  6  00 

Byrne's  BlifhwaT  OotiacrtioUM) 8ro.  5  00 

"        iDaoecUoD   ot   ibt   MaU'riats  and   Workcnanalilp   Bm- 

ploTvd   In  ConxtTucUon ISmo,  3  00 

Cbsrcli'a  U«euajiict  ol  l::ii^nr«Ting 8to,  8  00 

Da  Unia'ii  Mcfhanicj  of  KoKicccnug.     VoL  I Bmoll  4to,  T  CO 

Johnaon'a  Hatarlata  of  OonauueUcn ,.hus»  8*o,  0  00 

K«<f|i'b  Cairt    Iron Svo,  2  M 

iMtaa'*  AmilUd  McdiacicB Svo,  T  £0 

Bl»rtena'«  HaBdltook  on  TVatin);  Material*.  (HeBnbig.JJt  v,  Svo.  7  50 

Ucmll'i  Stonca  (or  Bulldine  and  DaeoratloD Sro,  9  OO 

Uarrinanti  Taxt-book  on  tho  Meohanlca  ot  Material* 6to,  4  00 

Alcrriman'a  Stnnftli  ol  MaUhAla l£mo,  I  00 

"etnirtHUcL    A  Uanual  for  St«el  uur< I£n>a,  2  00 

>tton'«  Practical  Trcatiu  oa  I'ouiidntion* Svo,  5  00 

'itrrir*  RoaiU  and  PaTwi»nitii  in   Franoa ISino,  1  85 

'a  Wire:  Ita  Van  and  Manulavtura Small  4to,  3  00 

8nov'«     Vtoperiir*     Oiunirtrriziuit     E«oaoniicall]r     Insportant 
Sp«ciM  of  Wi>a<l.     t/u  pifiKirallon.) 

8p«ld>njr^  HfdrauJIc  Ccmrnl ISrao.  &  00 

"         Test-book  on  Roodi  and  Pavemonta ISnOi  i  00 

Thnraton'i  Matariala  of  Eiu[iDMrin|{ 3  Parla.  Sro,  8  00 

Part  I. — Non-malallio  Malerlala  ot  lin^Mer£u|;  and  Motal- 

lurgy   8ro.  fi  00 

Part  11-— Iron  and  Stcei Bvo.  3  60 

Part  Id.— A  Trcatiaa  on  IlnuMM,  Bionua  and  Otlier  Allora 

and   Tbair  Conatitnanta 8ro,  2  50 

nimtan'a  Tnt-book  ot  the  Hal«iaia  ot  UDoalniction Sro,  S  OO 

TQIaoa'a  Street  Iltvesienta  and  Paving  Uateriala Svo,  4  00 

WaddeU'a  De  Pontibua.    [A  Pocket-book  for  Bridn  EBgiaecn.) 

l6no>  moroeeo.  3  UD 

"        SpeeiOeationa  (or  Steal  Brid|ee IZno,  I  u 

Wood'a  TraaUaa  on  tJie  Reaialanee  of  Materiala,  and  an  Ap- 
pendix on  tbe  Prsaarvatlon  of  Timber Bvo,  2  00 

"       KJenenta  ol  Aoalytieal  Meohanlea Sro,  3  00 
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SAUWAY  ENGtNEEBinQ. 

AlulrCH*'!  Hatl'lbrxik  !»i  SIrrrI  CjiI-i.  -    ' 'n 

Elcrg's  Ilulliliiin  titi  Slruriiin*i,  <,l  .\  .!■       tin. 

Bm^ki'i  Handbook  of  Stt**t  UailroaU  I    .ll    x  .        ,  nwraoeo. 

Batufa  adi  &iKiii*«r'<  tVld-book lOnm  moroMBk 

CniMlall's  TraiuiUon  Curre lOmo,  lunroMa. 

R^lwmr  BBd  mher   BarUnrark  TkbiM «ti^ 

Dft<r*on'k  ElMtrle  Railways  and  TrsBiwayB.SeaNJI  4t»,  luUf  nor, 
"  big^iDMrlng  "  atu)  EI«ctrM  Tnctwo  PttckM-book. 

IOhi»,  mmom, 
Drtdsa'a  IlUtorj  of  tlis  Pt^iuj-lvanU  RallroaJi     ilSTfl.)  I*'p('< 

*  Dnaktr**  TsBWllsg,  Ifxploalve  Compouiula,  and  Bosk  MUa. 

4to>  hall  maraoaa, 

Flahar**  TablA  ot  Cable  YanU UnlboMrl. 

Oodwiii't  Hallraad  Kii^b««t*'  FlcU-bo(A  and  Bxnionrm*  RnJda. 

Boward'a  TraiMitlnn  Curve  nnld-book Itmn,  taancM, 

UiMboa'a  Tablta  tor  CUoitlaUag  ttM  Cubic  CootMiiU  of  Ena> 

vatlona  and   Unbanlunenta Sfw^ 

Naida'i  FtcM  Maanal  forRaflroMl  BngjuMn. ...lUna.  muroeoa^ 

Ftilibrldt'a  n«Id  Manual  for  BUfiBMn ISmo,  tMorocco, 

PraU  and  A]d«n'«  Stnat-rallwajr  Road-b«d 9ya. 

Bearlca'a  FMd  Eng^aeartng lOno,  narowa, 

"        fiailroad  SpUal ISroo,  mosoMO, 

Taylor'a  Pitenoldal  PoimulB  and  Earthworl: Sto, 

■Trautwiae'a  M«tbod  ot  CKleutatlnf  tha  Cubia  CootcnU  of  Ex- 
cavatloBi  and  EmbanknieRU  b^  th«  Aid  of  Dta- 
grama  . ---^--, >--.'-.. ^ ->-->. >-'.h>-'-.-- Svo, 

*  "  Tit  FlaM  Praak«  of  lAj-ing  Out  amilNT  Carvaa 

fur  Rallroa4a ,..I2ido,  iiMrooM. 

*  "  Cr«M-M<clian  She«t ,..., Paiwr, 

Wabb'a  RailroAd  CotutnwUon..... Sto, 

WeUlaslon'i  Rconomk  Tbcorf  of  tbe  Locatioo  ot  Rnilwaja,. 

Small  Svo. 


I  i 

I 

U  I 

4  I 


1  m 
»m 

J  OT 
t« 
SOB 

1  m 
1  ao 


2  00 
8  » 

4  « 

5  00 


DRAWING. 

Bur'a  Kiix^muliu  of  Mncliiaer7. KtOi 

•  ilart  let  I'll  Mechnnipol  Drawtui .Sto, 

Durlojr'a  ElomonUry  TfiVbook  of  Ibe  KlnwnatlM  of  MnchiiMii. 

(/a  preparaHon.) 
EUir*  Text-book  0[i  HhadM  and  tMiadours,  and  Pertptctlve. .  8vo, 
Jonra'a  Macbinc  Deiigii^ 

Poit  !, — Kitirmnti™  n(  Machinery 8vo, 

Fart  lI.^Fiinii.  Strniglh  and  FroporUonB  ot  Parte 8*0, 

HacCord'a  KlcnirnU  of  l>cicTtplivc  Ucomoli}: 8to, 

"  Kiniiraatka;    or,  PractiraJ   MccluunlMD 8*a, 

"         MeohanioHl  l>rawED^ ,...4to, 

Veloolly  Diafframa 8t«, 

'Mahan'a  Deaeriptive  Qcometri'  and  Stona-enttinv ^to, 

Maban'a  Induatrinl  Drawlnji.    (Thonipaon.) Sva, 

Bwd'aTopograplikal  Draivinu  »nil  f^k^tcliing 4{o, 

Btld'a  Coutw  in  Mccliuiik-ul  DrHwlof; < Svo, 

"      Ttxtrbook  nf  Mcchunii^al  DriLwing  and  El*ni«nlarj  Ha- 

china   D«Kifrn 8»o, 

Bobinaon'R  Principles  ot  MeohanUnt ..■■..  ...Svo, 
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Smitli'a  Mnnu*!  ot  'lopogntpliteKl  Drawing.     (UcMNIaa.)  ,8vo,  E  00 
Wtnoo'i  GlomnoU  of  Plana  and  Solid  Kraeliand  Ueunictrioal 

Drawin*   12ino,  100 

"        Drafting  InatTUinealA  and  Operationa ISmo,  I  25 

"        UanuaJ  of  KleineBUi7  Proi«cUi>n  IkrairUig. ..  .ISmo,  t  fiO 
"        Maiioal  ot  Bl«m«ntai]r  Prablcin*  in  Uie  Linear  Pcr- 

BpMtlva  of  Wofta  and  Shaitaw 12ni«,  1  00 

**        PJuMProbletoa  fa  UsmenMry  Ucoaiclry IKmo,  1  SS 

Prlmarjr  Oooinetn ISnw,  7S 

Bl«ni«nu  gf  DaaonpUT*  U«oin*l>7.  Shadow*,  and  Per- 

BpMtiv«    8vo,  3  60 

General  Probleou  ol  Shadea  and  Ijkailinra 8ro,  3  00 

tQenifnC*  ol  Machine  Coaatruction  and  Dnwing.  .8Ta,  7  SO 
"        I^oblfiiiii,   TliMreiiu,  and    Rsaraplu   In    l>Morip4lva 

UcomeU^ 8wi,  2  M 

Walibach'a  Klnraiatic*  and  tlie  Power  ol  Tranamuaioii.    (Herr- 
mann and   Klein-) 8m,  ft  OO 

Whdplo}''a   l'ra{*li{iul    InttraoUon   Ln   the  Art  «(   LctUv  Bn- 

graving Ibno,  t  00 

Wilion'a  Topojrraptilo  Survcjring 8*0,  S  SO 

Wllion'a  Frao-hnBd  FferapecUve flro,  8  SO 

Wooir«  BlfmoDUry  Connn  in  Deacriptire Geometry.  .Large  8ro,  1  00 
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ELECTBICITY  AND  PHYSICS. 

ABtiuiii7    and     Brackett'a    Text-book    ot    Fliyika.    (Magla.) 

Sioall  8n),  1  00 
ABUioay'a  U<ture-notee  on  the  Thoorj  of  EleoUical  Ueaaur- 

menu    IZme.  1  OO 

BanJamin'R    Iliatory   of    Ktectridty Std,  3  1)0 

Benjainiu's  Voltaic  Celt 8vo,  3  OO 

Ctaawa't  ^Dtitative  Cbomical  AnoJvaia  by  Electrolyati.      Ucr- 

riok  and  BoUwood.) '. 8vo,  S  00 

CMlore    and  ^uivrV  Pularisiiiv  PliotO'chranOffraph Bvo,  3  IM 

Dnwaon^  KlecFtiie  Railway!  and  TV«mwaya..^aII  4ta,  luU  mar.,  IX  SO 
Dawaoo'a  "  Kn^in Bering  "  and   Electric  Trai-lioa    Pocket-book. 

18)110,  mooroeoo,  4  OO 

FlatlicT'i  Oynenionieten,  and  the  Heaaurement  of  Power. .  ISoio,  3  00 

QUhfTl't  Dp.  llagneU.     (Mottelay.) 8vo,  2  SO 

Botnun'e  PreetetoBof  Ueaeufementa.. 8vo,  S  00 

Teleacopio   Uinweoale    Uethod,   Adjuabntnla.   and 

TaaU Ijuite  Svo,  7S 

Lnndauar'e  Sfeetrum  Analyaia.     (Ttivla.) Svo,  3  00 

La  Chatelicr'e  High-temperature  Aleasurementa.    (Boudouand— 

Burgeaa.) 12mo,  3  OO 

Lob**  IQactiolyab  and  KlecbroaynUMaia  ol  Organic  Cempounda. 

(Lonu.}    liEino,  I  00 

Lrona^  Treatiw  cm  Electmina([netle  Phenomann Sto,  S  OO 

'jlieUa-    KleinenU  ot  Wave  XtotloB  Kelating  to  Sonnii  and 

light 8TO,  4  00 

Nlandet'a    ElcmcotaT}-    TrentiM    on    Electric    Dattaria     iKdi- 

back.)    iifmo,  2  50 

■ParahaUand  Bobart'a  Eltetile  Oencntora-Small  ito.fcaU  mor.,  10  00 
Ryan.  Norm,  and  Hoxic's  Bi-i-trinal  MnchiDcry.      If*  irrtpiiraiion.} 

liiuret^n'a  Slelionary  Sceara-mtc'"*' ^t<H  2  ^ 

*  TUlman.     Elnneittary  LeaMMia  in  Beat 8to,  1  SO 

ToTT  and  Pllchtr.    Manaal  of  T^bonttary  Pliyii<a..8aMll  8vo.  2  00 


J 


L&W. 

'DmvU.    kaatnMiU  of  Law Svi>,  t  SO 

*      ■'        Tl«tU*eoa  tbcMitilnnr  Uit  ul  Unilud  t^tatH  .8vi>,  7  00 

Sliet^.  7  50 

Msniuil  for  Court*- »arli«1 lOmo.  murorco,  1  M 

\Vait*ii  KngiiiMTing  niul  AivhitMtural  jHri*tiini<l«iie<< Hvo.  It  00 

Sboep,  •  BO 
)aw  at  OpMnlloDs  I'rcllminarjr  to  Comtniction  In  Kn- 

ginMring  uiil  ArehiteatuTC Svo,  S  OO 

Shwp,  $  to 

Lav  of  ContruU .8vo,  3  00 

n'lnikrop'i  Abridfment  ol   MlliUiy    Um'                            IStiio.  t  H 


MANUFACTURES. 

Bcamnont't  Woollen  and  Wor»t«4  (loUi  Uanufnetur*. . . .  12iih,  1  SO 
il«nudou'ii  Siii«kel«M  Powdar— Nltii>-<ii]luloM  snd  Tlt«ary  «( 

the  CVIIuJoae  Uolecule l2mot  t  fiO 

Bollond'n  Iron  Foundot IKiao,  vlotfai  2  SO 

"The  Iron  Founder "  Sup^emeitt Ifino,  2  M 

"         Bnpy(Io|ifdia  of  Fouadilig  and  Dii-l»on«rr  o(  Konndry 

Tcrmi  Uitcd  in  tb«  I'metice  of  Moultluig IZtno,  3  00 

EtMlfT'i  Modem  Ilijtli   Kip.asivm 8ro,  4  00 

ECTront'H  Enirmca  mid  their  Applications.    {Prewott.).,  .Svo,  3  00 

ntweratH'i  Bottnn  MuEhinist l8n»o.  1  00 

F«t7f  Bolln  Making  for  Uollor  Maker* IShm.  I  00 

Roplcinir**  Oit-chemitU'  lUndbouk Svo,  3  OO 

Eoep'a  CmI  Iron fva  2  60 

Ltoch'i   Thir   tnB|jFctioii   uud   AnnlvHiH   of  Food   with  Special 
Rfifri.-npc  lo  Piiitc  Ponirol.     ifn  prtpamHon.) 

Metralrs  8t«el.     A   Maniiit   tor  StOftl-UMn l£ino,  2  110 

Mote«ir«  Co4t  of  Manufuctum — And  the  AdndnleltKtloii  of 

Wnrkihnpn,  I^iUlc  and  I^rivalo flro,  S  00 

Mej'er'a  Modem  Lcicomotive  Construction ..-Itu.  10  OQ 

•  Reiiift'ii  Guide  to  PiecB-dyping .    . .  .8ro,  23  OO 

Smith'*  PrpM-wnrkinR  of  Strtoia Wto,  3  00 

"      WlrP!   It"  Uw  niid  Mnnufsotaiv Jfioall  4to.  3  00 

^aldinf'*  Hydruuliu  CenienL l8nio^  8  00 

Et|wricei  0  IlDRdtKiok  for  (Ilicinieta  of  Beet-eugar  Houm*. 

lOino,  HionMOO,  S  00 
"        lUudboolc  tor  Sugflr  ManufRCturers  and  their  Cbcjn' 

lata. IGtiio.  moroeco,  2  00 

Thnrvlon'a  Manual  of  Stcam-boilert,  tlietr  Decipni,  Conatrne- 

Uon  and  Operation Svo,  S  Ot 

Walko'a  Lcclurw  on  Bvplmivea Svo,  4  OQ 

Wert's  AmnriMn  Fuundrj*  Practice IStno,  fi  BO 

"      Moulder's  Tuthook ItBO.  2  SO 

Wiochmnon'a  Suitar  Annlysi*  Small  8ti>,  Z  SO 

WolfT'a  Windmfll  aa  a  Prime  Mot« Bvo.  3  00 

Woodburj-'*   Pirn  Protection  of  MilU Svo,  8  60 

MATHEUAtlCS. 

Bttlur's  nUptto  Fuiiot  lon> two,  I  SO 

■Baaa^  Gaemeata  of  DllTerentlal  Cnloulna Itott,  4  00 

Brig^'s  Elements  of  Plane  ADaljtlo  OMmetry... .,.,,,. ISaiO.  I  00 

10 
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Cbapmui'i  ElciueatAry  Coune  in  ThMfy  of  Bqualioiu..  .ISiuOk 

Compton'*  MkBual  of  I^tcnrilhmic  (^mpuUtlon* ]2rao, 

Darb'*  IntrodiKllon  to  Uie  Logl«  of  Almbn 8vo, 

Ihf   l.iiplsRi's   PhilDMiphiiMil   Km«t  im   riobnMlitJM.     (TnuMiotl 
utiil  Kini>i}'.|      ilH  (ifTjxim'ftori.l 

*DUInon'«  CoUego  Algcbn L«rge  ISno, 

Halai«d'»  BlemaiiU  orUaoin«tr7 Svo, 

"        BtvnmUty  Svntlivtio  Q«om«trr ..8to, 

'Jalintnn't  Threo-pUcP  Logarithmic  TalilMi  VeM-|iork«1  «i>e. 

pap.. 

100  coplM  for 

Uounlod  on  )iMvy  <«MbOAT<l,  A  X   l»  inHim. 

10  <^^  for 
EloiBcntMiy    Trfntlw    on    the    lDte|r*l    uileulu*. 

Bmall  Svo, 

T*         Curre  Tnnng  In  CnrtcaUa  Co^inUiMtn I£ino, 

••         Trn»ti»p    on     OrdinnrT     and     Piiitiat     DilTtrcnllAl 

Etiiutlonn SmnW  Sro, 

Q'hMTj    of    Bmn    ftii    th*    Method    of    Leut 

SqunTW I  jtino, 

TTnerrntJMil  Mechaoln Ifeno, 

*  Ladlow  aad  Baas.    Klfment*  of  Ttigmomctry  and  Logarith- 

■Die  And  Other  Tablca Svo, 

"         TrlmmometrT,    Tablo*  puhliahdd  Koparati-Ij'.  Each, 

M«rrliD4B  ud  Woodu-Bid.    Ui<lier  MatUfuiutica Svo, 

M«riaMtt'a  Method  of  Lcait  Squan* Svo, 

Rio*  and  JohiUOD'a  BlBiiten(ar7  TtrMlise  on  tfae  DillerMtiaJ 

Calmltii  Small  Sro, 

**  DitTercntial  and  Integral  Calcutua  S  vola. 

In  on* Small  Svo, 

Wood's  ElemMita  of  Oa-ordl&at«  OMtmetry Svo, 

"      TriKometiy:  Analytical,  Plane,  and  Spherical ISmo, 
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KECHANICAL  ENGINEERING. 

MATERIALS  OF  KNGIKBKRIKG,  STEAM  EWCIHIS 
AND    BOILERS. 

BaldwJa't  Staatu  ITmUkk  !'-r  Ituliaing* ^ lino, 

Ban'a  Klannatles  of  MitiLiuiTy Svo, 

"  n«TtlMt's  Mechanical    Drawing 8voi 

BenjamiD'a  Wrinklni  nnd   Recipea ISmo, 

Carpenter'a  Rzperimnntal  Bii{pn«arliifi , Svo, 

"  Uiiatinii  and  Ventilating  Buildlnga Svi^ 

Clerk'a  Oas  and  Oil  £^gine Small  Sro, 

Crofnnrctra  Trratitc  an  Toothed  Gcorinjt IStno, 

~  Tri-n1i*Q  on  Bolt*  and  PuDptr ICmo, 

Durtejr'a  EI»m«ntaYy  Taxt'book  of  the  Kinematlca  of  Uachine*. 

I  In  prepanlion.) 
Flather'a  Dynomomottra,  and  tb*  MaaiiumiiMit  of  Power  - .  ISmo, 

"        Rope   Driving ISaoy 

Oni'a  Oaa  an  FU«1  Analysis  for  Eaj^neen ISmo. 

HaDt  Oar  LnbricattoR ISao, 

Jonaa^  Machln«  DmIkb: 

Part  I. — Ktaematloa  of  Uaohlnarjr ...Svo, 

Part  II.— Form,  Stren^h  and  Proportiona  of  Parts. , Svo. 

Kcct'i  Mirhnnicnl   Ebirine«r>'  Pocket-book ISmo,  norowo, 

Kcrr'»  Power  and  Power  Tranambalon Svo, 

II 


t  to 

E  to 

3  OO 
8  00 

0  OO 

3  00 

4  00 

1  50 
1  50 


S  OO 
8  QO 
1  tt 
1  Ot 

I  St 

3  OO 

a  OO 

S  OO 


UaeCord'*  KinaauOio*;  or,  PmoUul  Mcebmnkin. 8v«,  A  00 

Meohanktl  Ormiriiig 4(0,  <  00 

Velocity  OiuruM Bra,  1  U 

n'a  IndnaUI*!  DnwinK-    (TbompMiL) S*a,  3  Kl 

Pooh^  OOarMc  Pouer  of  Puria Bva.  3  OQ 

Bflld'a  OMne  is  HecluuiieKl  Dnwing. B<ro,  S  00 

**      1^x1- boo tc    of    Mechmlcal    Drawing    and    BlementTj 

Machine  Dulgn 8vo,  3  00 

Blehutir*  CompNaaad  Air ISane,  I  W 

BobiMon^  PriBciplM  of  M«liaiiiBiii 8*0,  3  00 

8niUi*a  Pnaa-workiog  of  &(etali Itro,  3  N 

nurtUm'*  TrcBtiK  on    Friction   and    Loat    Work   in  Mactiln- 

aBBd  Mill  Work Sto,  3  «» 
uat  »*  a   Maciiine  And  Prinw  Motor  aNd   ih» 

Law*  of  Gnrrgvtia 12aw,  I  UU 

Wairrn'*  ElcmcnU  of  Machino  COBatruction  and  Drawisf .  .8ro,  T  BO 
Walikbnch'*  KinoiORtica  and  tha  Povcr  o(  TruuBllarian.     (Uarr- 

SMWi-Kleiii.)   8v«,  S  M 

Mwhtewy  at  Tnuumiarion  and  Ovreraots.    (Bnr- 

mantt— Kkln.)   Sra*  3  OB 

Hydraullca  and  Hydraulic  Motors.    (Du  Bala.).8*«,  S  00 

WotlTa  Windmill  «•  •  Priaio  Uovar Bn.  3  on 

Wood'*  Turbine* Bta,  t  H 


MATERIALS  OF  ENQZNEERISO. 

Borey'i  Strenztli  nf  Mawrl*!*  aod  Thtort  of  BtHKtiii«a.  .Svo, 
Burr'*  Haxticay  ttnl  KtiatoUBM  of  lb«  MaUrlaJl  of  BBRiMar- 

iBg , 3to, 

<Aui«li'a  Utcbaaka  of  Engineering Svo, 

Joknaon'a  Malarial*  of  Cooatructiaii .,t...l^igt  8*0, 

K««p't  Oaat  Iron. r Svo. 

Lun'a  Applied  Mt«tianioa 9ra, 

Uaricnu't  Handboolc  oo  Teating  Matcriala.    (Heniriiag').  ...8ro, 

Mcninuui's  Trxt-boolc  on  Um  Machanka  of  MatariaU Bra, 

Streneth  of  MstcrteU ISno, 

Hetcatfa  Steel.    A  MinuBJ  tor  Stael^uaen • lEmo, 

Smith'*  Wire:  lU  Um  and  Uanuf acta r« Snail  4tot 

Thkir*toQ'a  Material*  of  EInginevring S  Tola.,  8to. 

Part  11.— Iron  and  StM<l 8»o. 

Part  UI.— A  Treatiae  on  Braaaea,  Braaiea  and  OUmt  Alloya 

and  thalr  Comtttucntii Swa, 

Thnraluii*8  Textbook  of  tbp  UaUriala  of  OooalnteHoD Bra^ 

Wood*  Treatiae  00  llie   KBti*t«nM  of   UaUiiaJa  and   as    A^ 

prndiK  on  tba  PrcaarvBlkni  o(  Timber 8*0, 

"       Beiurntaof  Analytical  Maehatrica Bve^ 
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STEAH  ENGtKHS  AND  B0ILEB8. 

Oamofa  ReOeeUena  oa  tlie  Uotiv*  Power  ot  Uaat.    (Thurston.) 

Kmtf.  1 n 
Damon'*  "  Ba^aMriftK  "  and  dertrie  Traction  Pockat-beok. 

lOmo,  mOToooo,  *  OO 

Ibtd'a  Roilor  Making  for  Boiler  Maker* 18«o.  1  00 

Om*'"  l.iT.>iit(>liv»  Spaiku -Sto,  1  DO 

HtBeony'a  Indicator  Praotk«  aind  SiMm-tnKiH  RBOBOCBy. 

12mo,  0  00 

Batton'a  Mnohaaical  Engineering  of  Poirer  Plaata Sto.  S  00 

"        Heat  and  Keat-esglna* Oro,  S  W 


Koii's  Si  cam -boiler  ExtMomy 8*a.  4  00 

Kacui^*  rra(rtk«  imI  Thaot?  of  tJi«  lnj««t«r swo.  l  so 

MMCofd'i   S»d»T«l*«s 8vo.  8  00 

Meycr'a  Mixlen  Laromotive  Coiwtrafliaa 4ta,  10  00 

PMbodyli  Uaniia]  nl  Uw  Suain-«a;fii9  ladiektor itmo,  I  SO 

"        TiUe*  of   tke  I>ropertie«  of  Saturated  Steain   ajul 

Other  VtiMirm 8vow  1  00 

TiMnnodTBamtea    of    tb«   Staam-aBglse    ut*   Olbar 

Hcat-eofpaea Svo,  B  <W 

"           Valire^BHri  for  SUMH-Mgiiiaa Sro,  S  SO 

pMbodT  and  MllUr-    StMnboilm Svo,  4  00 

Pnty'aTwMlr  Tmi*  tHth  tht  Indtetor ..taiga  Bvo.  C  SO 

Papiu'a  TbenDodjrnoitiio   of   RcventUe  Cjrclt*   in   Omm   and 

Sfttuntad    Vkpora.    (Oit*rb«r|r.) IKrao,  1  S& 

R»at;an'i   lx>oaBiatl**   Mwhanimi  ana    Kn^inMrlnc Itno,  SOD 

Sofitgcn'B  FriMJplM  ot  "nannodfiiMalc*.    (Du  BoI«.)....aTO,  i  00 

Wndiilrt  LooonotiTe  EnfiiM  Rnnni^y  and  UMknnwiit. .  l£nM,  2  00 

Stawfi  Handbook  at  BwiMtrUif  Labontorjr  naeUo«..l£iDO,  8  SO 

Snow^  Stcam-boUer  Pneticv Sto,  3  00 

Spaulir'a   Vatn-gMn , 8*o,  2  SO 

*           Kcitfn  nn  T1i«r»od7M»itca , Ifano,  1  00 

TliiiratAB'a  Handy  TsUm.  .   Bt«,  I  SO 

Uaniul  of  tko  8Mun-*n«iM S  Tola,  Sro,  10  0(1 

Part  l.—UiMorj,  Structima.  and  Tbeofr tiro,  i  00 

rart  U.— Dealipi.  CotMtraetlon,  aad  Op«ralian Sro,  9  00 

lliniaton'B  Handbook  of  Bngiiw  and  Boiler  Triali,  and  tfc*  Ua* 

of  til*  Indioator  and  tbo  Praajr  Drak* tiro,  S  00 

"         SUtlaouwT  SUuB-MurlnM Sro,  860 

"         &(««ni-b(Kler  Bxploaiin*  ia   ThoDry   and    tn    Prae- 

tiea lamo,  I  BO 

"         Hanaal  of  Stdun-boDan,  TMr  Dorigat,  OoMtnie- 

tlon.  Ud  OporatloM 8v«,  BOO 

WtkhMh'i  naat,  Staam,  «nd  Steun  eoffiiwa.     (Du  BoM.)..STa,  S  00 

WUOikin'a  Stoam-tMiM  Daalipi- Sto,  5  00 

WilKitt'a  TTMtto  OB  Stwnbolkrs-     (Fhtliar) ISmo,  2  BO 

Woed'a    TbennodjiuunlcB,    Beat    Uotara,    and    Bcfris«ratiBg 

Machlnao  Svo,  4  00 

KECHAmCS  AND  HACHHIEBT. 

Barr"!  KiBanatin  of  Maehincrjr Svo,  8  SO 

Bnvar^  Slrtngtti  o(  Malf^iaU  and  Theorj  ol  StrucUiTw.  .8*0.  T  90 

Cbordal.— Brtracla  tnm  Uttara ISaM,  8  00 

Cliiircb'a  Mechanwa  of  Bai(iiM*riiuF Sro.  S  OO 

Note*  and  Bumpba  In  Moehuto Sn.  2  00 

Ooiaptoa'a  Firat  L— oaa  fn  tUM-worUaf I8bm,  1  BO 

ComptoB  anil  Do  Oroedt.    Tba  Kprad  T.atlw .........lino,  IM 

CromwD'a  Troatlae  oa  Tootkod  U«*rln« i ..„,l8ino,  I  BO 

TriatiN  on  BdU  and  PtilleT* ISmo,  I  BO 

Dana'*  T^nt.book  of  Sotnaotar;   Machaniea  for   Uia   Uao  of 

CnltrRMBBd  Sehooli IZmo^  I  SO 

Diairer'a  MaeliinMT  Pattern  Makinc ISne,  8  00 

Dradjta'e  Bacord  of  the  TraBapoTtatioB  Exhlbita  Baildiaii  of  tka 

Worid'R  ColBmbUn  GxpeaHlaB  of  1803 410^  luU  Bar.,  i  00 

Pii  tlua'a  EtrmenUrv  Prlnriplea  of  MechaBkai 

Vo).  I.— KlnnnatiM Sro.  I  BO 

Vol.  a-SUtiea Std.  4  00 

Vol  in--Rtn«U<a Bn,  X  SO 

U 


Ou  Boia**  Mfchanlo  o(  EnKiD««TinE.    Vol.  t .SinaU  4io,  '  >*iO 

■■        "               ..         -           ..             Y^Q 8„ji  !,„_  ,u  ^,u 

Duriejr'a  Btcmontai;  Test-boolc  ol  Ui«  Kinemftllea  ol  Uvhiaw. 

(la  prrjMrnttoi*.! 

Fltnendd^  BoitoD  UuliiBiflt Iflmo,  1  OO 

naUiii'a  DjriwinaiMUn,  bbiJ  Ui«  MtMuranwnt  of  Poaw.  Mtao,  3  OO 

Rope    Drirliig..... ISuw,  2  00 

Gu«>'*  LiKutiivloc  Sj'iitiM ..,, ,8vo,  i  no 

H*ir«  Cor  LubrkalioD , Ittno,  I  00 

Hall;'*  Art  of  Saw  FUiBK IBum.  Tft 

*  <IoIiiimo'k  Th«t>retic«J  Uechnoka i , l2liio,  t  00 

JobniKifi'i  Short  Cnur*a  in  Slntiis  by  Graphic  and  Algcbfsk 

M«i1ioi1h.     </n  prrparalioH.t 
•feocs'*  AlHbine  DciJgni 

l*Bn  I'-KiiiMiiBtk*  ol  UachlBorv Svo,  1  SO 

Part  n.— Form.  Strmicili  mi<1  Propoitlona  ol  FarU....Dva,  3  00 

Kcrr'ii  I'uuer  and  Power  TranimiMJoiii Sro,  2  00 

Imojm'*  Applied  Mtchanlca ,,,,9vo,  7  M 

MacCord'a  RlnciiMtlc*;  or,  Praotical  MMtkaiiiim..........8*o,  S  00 

"          Velocity  Uiagnnia »vo,  I  SO 

Hafriman'a  Tcxt-bool  on  tba  Mechanic*  ol  Jlatarkla Svo^  4  00 

■Mteblt'a  Elmwiilaof  Anoiviiful  Mechanic* Swa,  4  00 

ftMnn'a  LoooBDotive  MecLKUiun  anil  BngiitMriiig. ..... .I8mcv  2  00 

Rdd^R  Couraa  in  Mechanical  l>nvins Bto^  S  00 

"      Tcxt-lioolc    of    Mechanical    Dnvitog   and    EUantnUurj 

Ha«hiM   UMgn Sto,  SOS 

Rlcbarda'*  ComprMMd  Air ISmo,  1  H 

RabSn«on'i  PHnciplM  ol  U«cluni«in 8ro.  S  00 

liyua.  Xorrift,  niiU  Hoxi^'s  lUK-lrical  MadiiiMt;.     (/n  pftf>anii»n.) 

Blndait'a  Locomotive-engine  Banning  and  Manacenant.  .l2ino,  2  00 

Smith'*  Pnaa-working  ol  Matal* Sto,  3  00 

Thvratoa'a  Treatwe  on  J'^iotion  and  Lort  Work   in  Uadis- 

«r7  and  UiU  Work S»o,  S  00 

"  Animal  •■  a  )K*cUd«  and  Prim*  Motor,  anil   Ut« 

I^v*  of  I&ientetio* l2aio,  I  00 

Warren'*  Elnncnta  of  Mariilaa  OonataueUon  and  Dnwinf .  .tvo,  1  GO 
WelabMh**    KiuMnalics    and     Uw    Power    ol    Trananiaiion. 

(Hemnan— KIdn.)    8ro,  S  00 

'  Uachlnn;  of  TranHnlwlon  and  GorefBon.    (B«rr- 

(niati — Klein.)    Kro.  t  00 

Wood'*  Elemnnta  ol  Aaalftical  Uccbanica Svo,  3  00 

"       PriiMiple*  of  RIvnmtarir  Mechukn ISmo,  129 

"       Turtiln**  Sto,  CM 

na  Wortil'a  Columbian  Eipoaltlon  of  18S3..,„. 4t«,  I  00 

JJETALLBltOT. 

f>l«Bton'*  MeUtlurvT  of  Silirr,  (iolil,  and   UtamWf; 

Vol.  I.-eU»ei , ,...,B*o.  7  50 

Tol.  n.~nidd  and  Uorcurj Sto,  7  SO 

Seep'*  Out  lion S*o,  S  SO 

KntiWdt'*  Pncticc  ol  Ore  Dreaing  fn  Lorop* Svo.  I  fiO 

L*  Chatetler'*  Ulcb-Umperature  McaaureiiMBta.    <Bondou>rd— 

IturgML) ISnig^  9  00 

Uetrair*  StoeU    A  Manual  lor  Steel-iuaf* Itma.  2  00 

Thnnton'*  Malerialu  ot  Ekglaeeriaig.    In  Three  Part* Svo,  S  00 

Part  II.— Iron  and  Sleel 9n,  S  SO 

Part  in.— A  Traatiae  on  BtMBca,  BrouM  and  Other  Altoyi 

and  Thtir  CwttUlMata Stro,  2  SO 


tflKEBAIOGT. 

DeKription    of  Mineral*    of    Conunerciil    Value. 

OUong,  morocco,  2  50 

Hcaourcet   of   Southwert   Virginia Svo,  3  00 

Map  of  Southwest  VirginU Pocket-book  form,  2  00 

h'ft  MaaUal  of  DeterminatiTe  Mineralogy.     (Penfleld.).Bvo,  4  00 

er'a  Caulogua  of  Mmerala Svo,  paper,  1  00 

aoth,  1  ZS 

Cictionaiy  of  the  Namea  of  Minerals 8to,  3  60 

Jia'i  System  of  AQieralo^ Large  Svo,  liaU  1«Bther,  12  BO 

"      First  Appendix  to  Daiia'a  New  "  System  of  HineraJogy." ' 

Large  Ivo,  1  OU 

Text-book  of  Mineralogy Svo,  4  00 

"      Minerali  and  How  to  Study  Them 12mo,  1  SO 

"      Cat&logue  of  American  Localities  of  Minerals.  Large  8to,  1  00 

"      Manual  of  Mineralogy  and  Petrography I2mo,  2  00 

^leaton's  Catalogue  of  Minerals  and  Synonyms Svo,  2  SO 

Husaak'a     The     Determination     of     Rock-forming     Minerals. 

(Smith.)    Small   8to,  2  00 

■penfield's  Not«a  on  DetfirminatiTe  Mineralogy  and  Kecord  of 

Mineral  Teste Svo,  paper,  SO 

Boeenbusch's  Microecopical  Pbyslograpfay  of  the  Rock-making 

Minerals.      (Idding's.) Svo,  G  00 

'Tillman's  Textbook  of  Important  Minerals  and  Rocks. . Svo,  2  00 

Williams's  Manual  of  lAthology Bvo,  8  00 


Beard's  Ventilation  of  Mine* 12mo,  2  BO 

Boyd's  Resources  of  Southwest  Virginia Svo,  S  00 

"       Map  of  Scnithwest  Virginia Pocket-book  form,  2  00 

*  Drinker's    Tmmeling,     Explosive    Compounds,     and     Rock 

Drilla 4to,  half  morocco,  2S  00 

Eiwler's  Modem  High  Explosivea Svo,  4  00 

Qoodyear'e  Coal-mines  of  the  Western  Coast  of  the  United 

States    12mo,  2  BO 

Ihlseng's  Manual  of  Mining. Svo,  4  08 

Kanbaxdt's  Practice  of  Ore  DreaMng  In  Europe Svo,  1  SO 

O'DriscoH's  Notes  on  the  Treatment  of  Gold  Ores Svo,  2  00 

Sawyer's  Accidents  in  Mines Svo,  7  00 

Walke's  Lectures  on  Explosive* Svo,  4  00 

Wilson's  Cyanide  Processes I2ino,  1  SO 

Wilson's  Chlorination  Process 12mo,  1  BO 

WilKm's  Hydraulic  and  Placer  Mining 12mo,  2  00 

Wilson's  Treatise  on  Practical  and  Theoretical  Mine  Ventll^ 

ticm  12ma,  I  2S 


SANItARY  SCIENCE. 

Folwell's  Sewerage.    (Designing,  Construction  and  Maintenance.) 

Svo,  3  00 

"        Water-supply    Eaaineerlng Svo,  4  00 

niertes's  Water  and  Public  Health 12mo,  I  BO 

WsUr-flltration   Works 12nM>,  2  SO 

15 


OHb>rd'a  Quhl*  to  tieniury  llvaBv-inapeclion Itfmo, 

Ooodrieli'i  Branomknl  Oupoml  of  Tmnu*  ReluM. .  .Demy  Sto> 

HtMn's  FtltratloD  of  PuUie  WftUr-aupplie* .....8vo, 

Kknted's  Seu-ngc  DitpOMl l2mo, 

Lptch'i   The    Innprctioii   anil   AiialjaU   <•!    Vooi!    wiili    >ip«cial 

I(i-(«ivnoL-  lu  Slate  Control,     ilii  prtpiinliou.) 
Uuon'*  Water  III  pjily.    (Cotmldiivd  Prlnclpolljr  frmi  «  8i>d- 
llnrv  Miiiulpoinl.     3il   Ktlitiuo,  ICewiittfii.    ..   sru, 
"       ExKiniiutioii   of    Water.      (CbenittJ    kad    Bkcl«rio- 

ImImI.}    ISmo, 

Merrimui**  EleioejiU  of  S^nitar^  ElitfnitMriiig S*«, 

Xicholn'*  Wat«r-supBly.     (Coni*a«nd  Mkinly  from  a  Cticnkkl 

uid  SanitncT  Stnndpiiine.)     (1883.}  9va, 

Oodtn'sSewtr  Dtwgn ISmo, 

'Price's  BBndbook  on  Saiut*tion. I2ibd, 

Rlclurdi'a  Coat  of  Food.    A  Study  in  IHsUrlM Ifano, 

Rlobarda  and  WcxvIolbum  Air,  Water,  aad  Food  from  k  Saoi- 

l«7    Standpoint 8vo, 

Blobftra*'*  Coat  »l  LtriDK  wi  ModUUd  by  Sanitwry  ScUnt*.  ISmo, 

"  Rit'hiiiilt'  mill  VVilliamti'*  Tlio  Ill^iaty  Computer 8«o, 

Bidcal'e  Sewim  and  BMterla)  PuriScatiaa  ol  Sewage Bvo, 

Tiiroeaur<>  and  Ruoeell'*  PiitiUe  Water-auppliei 8vo. 

WhipT>le'ii  Microicopy  of  Drinking- vatff , Bti\ 

Wondhull'i  Notts  on  Military  Hygiene Mmo, 
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MISCELLANEOUS. 


fiarkar'a  Doep-Ma  SoumlinRs 8ra, 

BouMiia^  Owlocleal  Ouldo-boob  of  tli«  Boeky  Mountain  Bx- 

ouraicrn   of    the    Inteniationul    Coaptta    o(    Qeologfat*. 

Larg*  8to, 

FerrelV  Popular  Tteatlee  on  the  Winds 8to. 

Hainea'a  Aranrican  liailway  liunugcnient 12mo, 

Uott's  ComponitlDii,  Di(;pMibi!ity,  and  Nutiitivo  Talna  o(  Pood. 

Mounted  chart, 

*      Fallacy  of  Iho  Present  ITieory  of  Sound lOmoi, 

SSckftta'a  ITUtory  of  RcnoMlaer  Polytechnic  Inrtitule.   1S24- 

IS94 Srosll   8vo, 

Rotharham't  Enipha^iaed  New  Teatnru^nt ...Large  Svo^ 

**  Ctlllcal  RniphaMncd  New  Tmlament ISno, 

StaeVa  TreatiJW  on  Ihn  DiBeuspi  of  Ide  Dog 8vo, 

Totten'a  Important  Quciti on  in  Metruluuy 8to, 

The  World's  Coluiiibinn   Kxpo«ition   of   18M -ItOt 

Wan:«ater  and  Atkinaon.    Kiiiall  Hospitals,  EbtaMtahmeut  and 

Maintenance,  and  BuKs^vntiuns  for  lloepiloJ  Ar«hiteetur*, 

with  Plana  lor  a  Snull  lioipital ISnto. 
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HEBREW    AND    CHALSEE    TEXT-BOOKS. 

Green'*  Granitnar  of  th«  Ilsbrow  Language 8vo, 

"       Blementary  Hebrew  tiransiar Umw^ 

••       Hflircw  Chreatomathy 8»o. 

Gaieniiu'H  Hi^brew  and  Chaldee  Lexkon  to  the  Old  T^Eatameiit 
Sciipturca,     ri'ref;etlo*.) Small  4to,  half  moroeco^ 

Lotterls'*  nobri.n>'  Biblt- .      ,  , -    .  .  9vo, 

le 


